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New York, May 21, 1951

The Chief of Engineers
Department of the Army
Washington 25, D.C.

Dear Sir:

We submit herewith our report upon "The Synthetic Liquid
Fuel Potential of Arkansas", in accordance with Contract No.
W 49-129 eng-137 concluded between us May 3, 1949,

OQur survey disclosed widespread interest in synthetic
liquid fuels. Informed public opinion recognizes the need for
utilizing to the utmost all possible resources for the maintenance

[ of' cur national welfare and security. Both public and private
agencies have been very helpful in supplying data and entering
into frank discussions with us on the subject. We welcome this
opportunity to thank them for their cooperation.

Supplies of c¢rude petroleum, the source of liquid fuels,
are not inexhaustible, Provision must be made for the day when
such fuel reserves become dangerously low. Foresight is required
of all of us in facing this problem.

Over-all requirements of our natural resources are con-
stantly changing. Obviously, no survey can do more than describe
conditions in the light of present knowledge.

We believe that this report will be of value in for-
mulating policy with respect to the future development of syn-

|
. thetic liquid fuels.
Very truly yours,
Ark (Signed) Ford, Bacon & Davis, Inc.
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CORPS OF ENGINEERS
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REPORT FOR
BUREAU OF MINES
DEPARTMENT OF THE INTERIOR

THE SYNTHETIC LIQUID FUEL POTENTIAL
OF ARKANSAS

MAY 21, 1951

SUMMARY

Introduction

The Department of the Interior, as part of 1ts broad pro-
gram of synthetic liquid fuels research, requested the Department
of the Army in 1947 to assist in the development of the synthetic
liquid fuels program. This investigatlon and report on Arkansas are
in part fulfillment of a contract to that effect awarded by the
Corps of Engineers of the Department of the Army. The contract
calls for a survey of 37 states and Alaska to determine Sultable
General Areas and thelr potential capacity for the production of
synthetic llquid fuels from coal, natural gas, oil shale, and oll-
impregnated strippable deposits.

The General Areas containing raw materials and water
supply of proper quantity and quality required by synthetic liquid
fuels plants and various economic factors further affecting the
suitability of such Areas for plant location are critically ex-
amined., No core drillings, extensive samplling, or detailed field
examinations were made and studies are based on information now
available, A Sultable General Area, as indicated on the map on
the faclng page, was determined and defined but no specific plant
sltes are selected.

Raw Materlals

The raw materials considered in this survey of Arkansas
are coal, natural gas, and oil-impregnated strippable deposits. No
report was authorized in relation to oll shale deposits because it
was consldered that any known deposits in Arkansas of such raw
materials were of doubtful economlic importance.



Coal. Of the raw materials considered 1n Arkansas, coal
1s the mos¥T abundant and avallable. It is found to be the only
raw material meeting the survey regquirements for synthetlic liquid -
fuels production.

Natural Gas. The total reserves of natural gas 1in
Arkansas as ol January 1, 1949, are estimated at 1,057,715,000 Mcf .
with a heating value in the order of 1,000 Btu per cubic foot under
standard conditlions. Most of these reserves are under contract to
gas plpe lines for domestic, commercial, and industrial use; the
volume of gas remaining as available is estimated at 37,300,000 Mcf.
Consequently, none could be considered sufflclent to meet the sur-
vey requlrements which call for undedlcated deposits contalning,
within a radius of 40 miles, at least 225 trillion Btu (225,000,000
Mcf of 1,000-Btu gas) with a heating value of at least 400 Btu per
cublic foot under standard conditions.

Oil-impregnated Strippable Deposits. Avallable informa-
tion reveals that, while there are some surface or near-surface
oll-impregnated deposlits in Arkansas, such deposits do not meet the
survey's minimum requirements of 10,000,000 tonsdrithin a S5-square-
mlle area, in vertically continuocus beds at least! 15 feet thick,
yielding not less than 10 gallons per ton and overlain by not more
than their own thickness of overburden. .

General Features

About one-quarter of Arkansas, in i{s northwest portion,
is mountainous. The rest of the State 1s largely composed of al-
luvial lands and bottom lands of the Mississippi River and 1ts trib-
utaries. The c¢limate 1s mild. The 1950 population density averages
36 persons per square mlle throughout the 53,102 square miles of the
State. Arkansas is primarily an agricultural State with cotton the
principal c¢rop. MaJor manufacturing industries include lumber and
timber products, foocd products, cottonseed products, and petroleum
refining.

Coal is found in a limited area in the western part of the
State adjacent to the Arkansas River which drains the area. Flve
railroads serve the area.

Plant Processes L

Since the only raw materlal availlable in requisite quantity
is coal unsuited for hydrogenation, the flxed carbon content 1s more Al
than 69 percent (maf), only the coal synthine pricess 1s considered.
In the synthine process, coal 1s first converted to a gaseous mix-
ture of carbon monoxide and hydrogen, which gases, in the presence
of a sultable catalyst, comblne to form liquid fuels. The process re- 70(
quires major quantities of coal, for direct conversion to liguid fuels
and to provide energy for such conversion, and of water, chiefly as a
cooling medium. The unit plant slze adopted in the survey as & basis
for estimates for comparison 1ls 10,000C-barrel-per-day capacity.

A
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As a synthetlic liquid fuels program of any magnitude must
necessarily require a counsiderable period of years for its realiza-
tion, estimates of unit quantities of raw materials required and
unit costs of plant construction and operation used generally in
this survey for determining ultimate production potential and rela-
tive desirabllity of General Areas have been based on the assumed
use of certalin lmprovements in equipment and process which are
8till under development but which seam reasonably likely to he avail-
able by the time such a program could be well under way. Moreover,
the estimated data and costs for the coal synthine process have
been taken from preliminary studles made by the U.S. Bureau of Mines
for a report which 1s not yet completed. The final estimates of the
Bureau, when avallable, may differ materially from these preliminary
figures. Whille the data used have been selected as offering a fair
baslis for comparison, it must be understood that if synthetic fuels
plants were to be bullt at the present day, using only equipment
and processes already commercially available, coal requlrements and
plant and product costs might be appreciably higher than those
shown in this report.

Subject to the above comments, daily requirements of

Arkansas coals, as recelved at the synthetic fuels plant, should
average about 4,600 tons for a coal synthine unit plant.

General Area of Coal Avallabllity

The coal-bearing formations of Arkansas occur in a rela-
tively limited area in the west-central portion of the State where
they underlie portions of eight counties. The coal beds represent
an eastern continuation of the adjoining and contiguous Pennsyl-
vanlan coal deposits 1n eastern QOklahoma.

A number of lignite beds are present in a curving belt
across the northeastern, central, and southern portion of Arkansas.
Avallable information on them, however, was insufficlent to warrant
estimates of reserves. The lignlte beds are lenticular 1in occur-
rence and average thilcknesses are less than prescribed by the
survey requlrements.

Of the eight coal-bearing counties, three contain coal
deposits which are in fringe positlions near the outermost edge of
the coal-bearing formatlions and three others contaln only 1lsolated
reserves insufficlent to support even one synthetic liguid fuels
unit plant. The remalning avallable reserves satisfactory for
synthetic liquid fuels production, contalned in the lower Hart-
shorne bed in two counties, were grouped in a General Area of Coal
Avallability containing reserves for 40 years' supply of at least
one 10,000-barrel-per-day synthetic liquid fuels plant and identi-
fled by the names of the counties in which it lles as the
Sebastian-Scott General Area of Coal Availabllity.

The total tonnage of coal considered for synthetic
liquid fuels manufacture in Arkansas as of January 1, 1949, based
on available information and within the limits of reserves speci-



fied by thils survey as described in Part II of this report under
"Survey Specifications” and in Part IV under "Survey Methods and
Procedure”", was estimated at 831,328,000 tons in place of which
415,664,000 tons were estimated as being recoverable. These
estimates are, therefore, not comparable with other coal esti-
mates which generally include the total coal reserves in Arkansas
without the limitations imposed by this survey. For example, in
Circular 94 of the U.S. Geological Survey, the total recoverable .
reserves for Arkansas, as of January 1, 1950 (assuming 50 percent

recovery) are reported to be 766,106,000 tons. The estimate of

the U.S. Geologlical Survey 1s based upon one prepared by M.R.

Campbell in the years prior to 1928, because later appraisals

were not available,

After giving conslderation to lisolated areas with in-
sufficient reserves to provide at least one synthetic liquid
fuels plant, to commercial requirements over the next 50 years,
and further contract limitations as to the use of primary and
secondary reserves, the total tonnage of coal, recoverable
and avallable for the manufacture of synthetic liquid fuels
in the single General Area of Arkansas, was estimated to be
250,454,000 tons, recoverable by underground mining methods.

No coal reserves were classified as "strippable" under the
definitions described under "Survey Specifications" and "Survey
Methods and Procedure".

The total avallable coal reserves conslidered are dis-
tributed by counties as follows:

Estimated Recoverable Coal Reserves ¢
Considered for Synthetle Liguid Fuels Manufacture
in Arkansas as of January 1, 1948
{Thousands of Tons)

Coal-bearing Sebastlan-Scott

County Counties (A) General Area (B)
Franklin 20,534 -
Johnson 56,794 -
Logan 87,882 -
Scott 28,039 28,039
Sebastian 222,415 222,415
Total 415,664 250,454
Note: Ag Before elimination of tonnage 1n unsatisfactory areas. * Arb
B) After elimlnation of tonnage in unsatisfactory areas. :

The following table 1lists the potentlal synthetic liquid
fuels production, in total and as a dally average for 40 years, by 700:
the coal synthine process in the Sebastlan-~Scott General Area in
Arkansas. The avallable coals are rejected for hydrogenation because
of a fixed carbon content (in excess of 69 percent maf) indicated by



the U.S. Bureau of Mines as being unsultable for that process,

Potential Synthetic Liquid PFuels Production
from Recoverable Avallable Coal Reserves
of Arkansas

Potentlal Synthine

Production
Recoverable Average Dally
Coal Reserves Btu Total in Average in
in Thousands Value as Millions Thousands
General Area of Tons Recelved of Barrels of Barrels
Sebastian-Scott 250,454 13,850 543 37

The foregoing reserves, contained in the Lower Hartshorne
bed, are low-volatile to medlum-volatlile biltuminous in rank, with
a fixed carbon content in excess of 69 percent (maf). Ranges in
selected items of representative analyses are as follows:

Ranges in Selected Items
of Typical Analyses of Mine Samples
(As-Tecelved Basis)

Moisture Ash Sulfur Btu per Pound
Maximum 2.7% 9.2% 1.04 14,430
Minimum 2.0 5.6 0.7 13,550

Petrographic analyses of Arkansas coals in the Lower
Hartshorne bed are not avallable. However such analyses on coals
of the same bed at locations in a bordering state indicate a com-
position qf the "bright" petrographic type.

While specific information on representative organic and
non-organic sulfur contents of the ccals 1s not available, data on
separation characterlstics suggest that there 1s a high proportion
of organic sulfur, which 1s not considered amenable to reduction by
mechanical cleanling, However, further studles of these coals are
necesgary to evaluate the reduction in total sulfur which might
result from mechanical cleaning.

Weathering and slacking characteristics of the Arkansas
coals are similar to those of other coals of the same rank; that 1s,
they do not usually slack readlly or lgnite spontaneously when ex-
posed to air, although midwestern coals are generally more suscept-
1ble to spontaneous combustion than Appalachlan coals. When proper-
1y stored, however, there 1s no problem of spontaneocus combustion,



The coal of the Sebastian-Scott General Area appears to be similar
in grindablility to comparable Industrilal coals and may be expected
to respond to fine grinding. Information on frlabllity indicates
that there may be considerable degradation by handling.

The Hartshorne bed of Arkansas frequently contalns one or
more bedded impurities, or partings, as well as laminations of bone
or bony coal. There are irregular areas scattered throughout the
General Area in which a middle parting (commonly not over 6 inches
thilck) 1s present.

While the presence of partings is not generally such as
to seriously interfere with mining operations, such partings do
affect the type and capacity of the necessary cleaning facilities
and the amount of refuse which must be handled during the cleaning
process. Data indicate that the coal 1s generally amenable to
improvement in quality by commercial type mechanical cleaning.

The cleaning of Arkansas c¢oal as necessary to provide
raw material equivalent in quality to merchantable coal for syn-
thetic liguld fuels plants would produce per unit plant approxi-
mately 1,165 tons of mine refuse per working day, or 279,600 tons
per year equlvalent to about 186,400 cubic yards. No particular
disposal problem would be presented.

The initlal capital cost to provlide coal mining facllities
for supplying coal requirements of synthine unit plants ls estimated,
as of March 31, 1950, at $9,262,000, for 7,019 tons per day over a
240-day year. Factors 1nfluencing thls cost include depth and
character of the coal bed and 1ts assoclated strata, and also quanti-
ty and quallty of the coal. The cost estimate provides for all neces-
sary structures and mine operating equipment, facilities for trans-
porting the output from two or more adjacent mining operations to a
Joint preparation plant, as well as for mechanical cleaning to pro-
duce merchantable coal, dlsposal of waste from the cleaning of the
raw coal, surge storage at the mine, englneering, development, and
contingencles. Costs of producing coal are estimated as of March 31,
1950, to be $5.28 per ton, equivalent to a cost of 19.34 cents per
million Btu or $2.44 per barrel of products. These costs are based
on underground mining and exclude allowance for return cn investment
and selllng expense.

General Area of Coal and Water
Avallability

Investigation of potential sources for the large quantities
of water required for synthetic liquid fuels plants shows that there
is available, in excess of known and proposed water uses, enough water
in the Arkansas River and its tributary, Vache Grasse Creek, in and
near the Sebastian-Scott General Area to supply all the plant capacity
for which coal 1s avallable., Water required for full development
would amount to 75 cubic feet per second (cfs) or 48.5 million gallons
per day (mgd) for process and domestic purposes. Most of the process

Ou 11
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water is needed for cooling and it is assumed that cooling
water would be recirculated through cooling towers.

Water supply for a unit plant could be obtalned from the
Vache Grasse Creek by providing storage adequate to conserve the
excess runoff during periodsof high flow. Additional quantitles of
water necessary for full development of all coal resources in the
General Area could be obtalned by increasing storage in the Vache
Grasse Creek Reéservoir, which would supply about two-thirds of the
water required; the remalinder could be pumped from the Arkansas
River, To minimize the effect of mineralization of the Arkansas
River, its water would be taken only during periods of high flow.

Since the Sebastian-Scott General Area in Arkansas has
sufficient coal and water for at least one 10,000 barrel-per-day
plant for 40 years, it 1s designated as a General Area of Coal and
Water Availability.

The estimated initial capltal cost to supply process water
for a unit plant in Arkansas is $3,941,000, as of March 31, 1950,
This cost 1s based upon an adequate process water supply system con-
sisting of impounding reservoir, pumping station, power source,
aqueduct, filter plant, and storage at the plant site. The esti-
mated operating cost, as of March 31, 1950, for process water supply
1s approximately S cents per barrel of products, exclusive of return
on investment. The unlt capital cost of water for complete develop-
ment in the General Area in Arkansas would be approximately 60 per-
cent of the per barrel cost estimated for one unit plant; unit
annual cost would be slightly greater.

Sultability of the General Area

For the coal synthine process, waste heat can supply the
steam necessary to generate the required power. However, the re-
quirements for this process indlcate the desirabllity of a atand-by
power source. Due to the probabllity of excess power being available
from a synthetlc liquid fuels plant, it may be possible to develop
satisfactory mutual power agreements with the éxisting power facl-
lities serving the Sebagtian-Scott General Area., Sufficient power
for plant construction could be expected to be avallable from the
local utility.

Construction and operation of synthetic liquid fuels plants
will in general require direct rail or water connection and a high-
way connection. Rallrocad facilities are well distributed in the
State of Arkansas except in the northern section. They generally,
however, follow a traffic pattern influenced by providing transpor-
tation from Kansas City, St. Loulg, and Memphis to Loulsiana and
Texas. The estimated initial ecapital cost for providing access
transportation facilitles in the General Area is $122, 500; the esti-
mated operating cost is less than 0.5 mills per barrel of synthetic
liquid fuel products.
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Satisfactorily qualified labor avallable within the
Sebastian-Scott General Area 1s insufficient to satisfy the new
personnel requlrements for a unit plant. While it might be possible
to satisfy the requirements as to total number alone, by the use of
unemployed within a reasonable traveling distance from the plant,
there would be a defilcilency in workers possessing the desired indus-
trial skills, This deficiency would have to be met by ln-migration
of such workers from surrounding industrlial centers.

The average straight-time hourly rate payable in a syn-
thetic 1liquid fuels unit plant in the Sebastlan-Scott General Area
1s estimated, as of March 31, 1950, at $1.48,

The average net investment requlired for rental housing and
community development in the Sebastian-Scott General Area, exclusive
of one-half the residential property (assumed as sold) and of property
used for commercial enterprises (assumed as self-supporting), is esti-
mated as of March 31, 1950 at $16,216,304 for a coal synthine unit
plant. It 1s assumed that rental houslng will pay for i1its operating
and maintenance costs plus a required return on the investment.

Since the synthetic liquid fuels potentlial of the Arkansas
General Area 1s small in relatlon to the predicted future demand in
the State and since all but one of the neighboring states contain .
Suitable General Areas, the potentlial marketing territory for syn-
thetlec liquid fuels plants in Arkansas is defined as including the
entire State. Motor fuel consumption in Arkansas in 1948, exclusive
of aviation and military use, amounted to 7.7 milllion barrels. This N
1s equivalent to the gasoline output of about three unit synthetlc
l1iquid fuels plants. It 1s estimated that by 1975 motor fuel re-
quirements in the marketing territory will reach an annual volume of
12.8 million barrels, the equivalent of the output of about 5 unit
synthetic liquid fuels plants.

While the major product of coal synthline plants 1s motor
gasoline, minor quantities of other fuels are specified to be produced
including Diesel fuel, heavy fuel o0ll, and liquefied petroleum gases.
The proportions of these fuels in relation to gasoline are conslder-
ably different from the present demand in the marketlng territory.
There 1s, however, some leeway 1n the process for varying the propor-
tions of the various products. Consequently, it would appear that
any large-scale development in the future would require synthetic
liquid fuels plants to be designed so as to produce the products
then 1n demand. .

Since Arkansas 1s an important producer of crude oll and
petroleum products, the demand for llquid fuels in the marketing
territory 1s economically suppllied and synthetic liquid fuels plants .
in that State would have no competitive advantage due to locatlon. Ark
Wholesale prices as of June 1, 1950 of petroleum products fob. re- 11
finery as in Arkansas amount to $3.96 per barrel when welghted in
the same proportions as the liquid fuel products specified to be
produced by coal synthline plants. The estimates of future demand 70C
for liquid fuels in the marketing territory may be substantially
reduced by a major increase In liquld fuel prices altering the
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baslic competlitive positions of fuels. The prospective future
supply of petroleum appears adequate to satisfy at least a major
portion of future requirements for liquid fuels for a long period
of years.

At such time as synthetic liguid fuels would be required
in Arkansas, the output of a single unit plant or of the total
potential plants would probably be transported to the widely
scattered markets in the State by railrcad tank cars and trucks.
Plants in the Arkansas General Area would have minimum costs for
distribution of synthetic llquld fuels throughout the marketing
territory except possibly in the eastern part of the State along
the Mississippl Rlver,

The operation of a synthetic liquid fuels plant, and of
the coal mlines to supply it with raw material, involves the produc-
tion of wastes, for the dlsposal of whlch provision has been made.
Liquid wastes may require skimming and sedimentatlon and, in some
cases, chemlical treatment before return to the streams; solid
wastes (principally ash from the plant and refuse from coal clean-
ing) must be transported to the disposal areas and there piled up
or compacted,

It 1s believed that development of the Sebastian-Scott
General Area could be planned to conform to all strateglc counsid-
erations outlined in publications of the National Security Re-
sources Board.

Costs in Sultable General Area

All of the foregolng economic factors are reflected in
the total capital cost and operating cost for a synthetlc liquild
fuels plant in Arkansas. Both cost estimates utilize the Bureau
of Mines method for estimating typlcal unit plant costs as ad-
Justed to existing conditions in the General Area.

The initial net capital cost for a unit ccal synthine
plant, shown on Exhibit No, 44, is estimated, as of March 31,
1950, to be $119,482,000, This estimate provides for adequate
coal and water supply, plant facilities, and access transporta-
tion, and includes a capital amount for housing. In addition,
there 1s provision for adequate plant waste disposal.



13

The operating cost from Exhibit No. 44 for a unit syn-
thine plant (excluding return on investment) is estimated, as of
March 31, 1950, to be $6.07 per barrel (14.5 cents per gallon) of

total products in the Sebastian-Scott General Area. Costs as stated

herein, as directed by the Contracting Officer, are based on oper-
ating costs of the process rather than on a '"cost of service" or
selling price baslis. Such costs are based on the Bureau of Mines
formula and include a basic allowance for plant maintenance of
approximately 3 percent of plant investment. They also include
an allowance equal to 10 percent of direct labor, plant mainten-
ance, and operating supplies for general administrative and gen-
eral office overhead (which includes the salaries and wages of a
General Manager or a Plant Manager and his immedlate staff report-
ing directly to management); 6-2/3 percent of plant investment
for depreciation; and 1 percent of plant investment for insurance
and local, county, and State real estate taxes - but they Include
no allowance for head office or top management costs, selling
expenses, return on investment, or sales and corporate (including
income) taxes. Costs of coal used in the process have been com-
puted without including sellling cost or return on the investment.
The cost of water has been estimated on the same basis, Return
on total initial capital investment, incliuding coal and water as
indicated herein, would require 32.7 cents per barrel of products
for each 1 percent gross return before the deductlion of income
taxes,

The costs are reported as per barrel of total products.
Estimates of the equivalent cost of gasoline and credits from the
sale of by-products were not considered necessary for the purposes
of this report.

Arl
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INTRODUCTION

Authorization

At the request of the Secretary of the Interlor, the
Department of the Army directed the Corps of Englneers to make a
survey of the United States and Alaska to determine areas sultable
for synthetle liquid fuels manufacture. In order to accomplish
this survey, a contract (W 49-129 eng-137) was made between the
United States of America and Ford, Bacon & Davis, Inc., (sometimes
hereinafter referred to as the Contractor). This investigation and
report have been made as a part of that requlred by the contract.
By. approval of the Corps of Engineers, Department of the Army, por-
tions of the contract obligations were subcontracted to other firms
;ngaged ags experts 1n their particular flelds of operation, as

ollows:

Subcontract No. 1 to Paul Weir Company, Inc.,
Chicago, I1l., for coal investlgations.

Subcontract No. 2 to DeGolyer and MacNaughton
(a corporation), Dallas, Texas, for natural
gas investigations,

Subcontract No. 3 to DeGolyer and MacNaughton
(a corporation), Dallas, Texas, for oil shale
investigations,

Subcontract No. 4 to Malcolm Plirnle Engineers,
(a partnership), New York City, for water
supply investigations,

Subcontract No. 5 to Max W. Ball (an individual),
Washington, D.C,, for investigations of oil-
impregnated strlippable deposits.,

Purpose

This study was undertaken to determine the potentlal
synthetic liquid fuels production capacity of the State of Arkansas.
Toc make such a determination, three categories of study are usually
required; in order, they are:

1. Investigate the reserves of coal, natural gas,
0ll shale, and oil-impregnated strippable
deposits avallable for the manufacture of
synthetic liquld fuels,

2. Select General Areas of Raw Materlal and Water
Availability.
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5. Determine the sultability of each General Area so
selected for the production of synthetlic liquld fuels.

Scope of Survey

In the selectlion of General Areas sulitable for the loca-
tion of synthetic liquid fuels plants, where all plant requirements
can be met, the survey does not select or establish specific siltes
for the construction of a plant. The studies are based primarilly
on available information and data obtained from various authorita-
tive sources. No detalled field surveys were carried out but a
brief reconnaissance was made of the General Area in Arkansas.

Each of the subcontractors has made surveys and reported
on raw materials in Arkansas in accordance with his individual con-
tract. Thelr descriptlons of conditions and thelr conclusions have
been incorporated in approprlate secticns of thls report.

The raw materials considered in this survey are:
a
b
c

No report was authorized in relation to oil shale deposits
in Arkansas because 1t was coneldered that Arkansas elther did not
have supplies of such raw materlal or that known deposits of such
raw material were of doubtful economlc importance.

Coal

Natural gas

Oll-Impregnated strippable deposlts
(1imited to the determination of
raw material reserves).

Because of the large known deposits of coal 1in Arkansas
and their economic importance, a complete detalled study of that raw
material was authorized by the Corps of Englneers. This comprised,
in addition to the determination of avallable coal, a determination
of water avallability and a critical examination of the suiltability
of other condltions affecting plant location for the manufacture of
synthetic liqulid fuels.

As avallable information indicated that deposits of natural
gas and oil-impregnated strippable deposits do not exlst in Arkansas
in sufficient quantities to constitute reserves, as defined hereln
for the production of synthetic liquid fuels (although of possible
economlc importance), the Corps of Engineers directed that the in-
vestigation in respect of those materials be limited to a general
determination of the nature and extent of such deposits and thelr
sultability or unsuitabllity for the manufacture of synthetic liquid
fuels. The scope of the required report, as well as the conclusions
contained in this report that available information indicated in-
sufficient deposits of these materials to constitute reserves for
the manufacture of synthetic liquid fuels, obviate the necessity for
making an investigation wlith respect to these materials as to Gen-

eral Areas suitable for the location of synthetic liquid fuels plants.

Ar
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To facllitate the study, those coal reserves found to be
of satisfactory quality and quantity were grouped into an area not
larger than a county or 1,000 square miles. Since such area con-
tained reserves adequate for 40 years!' operatlion of at least one
10,000-barrel-per-day synthetlic liquid fuels plant, the area was
designated as a General Area of Coal Availabllity. Since it was
found also to have adequate supply of water for at least one
10,000-barrel-per-day plant it was further designated as a General
Area of Coal and Water Availability.

This General Area of Coal and Water Availability was
then critically examined with reference to the following factors
to determine 1ts sultabllity for the production of synthetic liquid
fuels,

1. Raw materlals
2. Water supply

3. Power

4, Access transportation
5. Labor

6. Housling

7. Marketing and products transportation
8. Waste disposal

9. Plant investment
10. Processing costs
11. Strateglc Conslderations.
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GENERAL

The terminoclogy used in this report is that in general
use and acceptance. Such terms, together with those 1diomatlic to
< this survey, are defined In the followling paragraphs:

Definltion of General Terms

General terms used 1n this report are defined as follows:

A General Area as used herein is not larger than a county or
1,000 square mliles, dependling on local conditions. General Areas
are used to facllitate the detailed study of parts of a state, and
are deslgnated by name or number,

A General Area of Coal Avallabillity 1s one where adequate coal
reserves are avallable for 40 years' operation of at least one
10,000-bharrel-per-day synthetic liquid fuels plant, 1n conformity
with raw material requirements for such plants.

A General Area of Coal and Water Availability 1s one where
both adequate coal reserves and water supply are available for 40
years! operation of at least one 10,000-barrel-per-day synthetic
liquid fuels plant, in conformity with raw material and water re-
. quirements.

A Suitable General Area is one which meets all requirements
for 40 years! operation of at least one 10,000-barrel-per-day syn-
thetic l1liquid fuels plant uslng coal, in conformify with plant re-
guirements as to raw materials, water supply, power, transportation,
labor, housing, marketing and transportation of plant products,
waste disposal, and strateglc considerations.

A Unit Plant 1s the amount of production capacity adopted in
the survey for purposes of comparlson and for estimation of invest-
ment, operating costs, etc. It is not necessarily the most ef-
ficlent slze for an independent plant. The size adopted in the
survey as a unit plant is 10,000-barrel-per-day capaclty for the
synthine process using coal.

Ark
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%ga Definitions of Coal

70021 Anthraclte Coal - A slow burning ceal with 86 percent or more

. of fixed carbon (mineral-matter-free basis).
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Bituminous Coal - Coal having less than 86 percent flxed car-
bon (dry, mineral-matter-free basis) and, if fixed carbon is less
than 69 percent, having a heating value of 11,000 or more Btu
(molst, mineral-matter-free basis) and either agglomerating or
nonweathering.

Lignite - A dull, brown compact fossil wood having a heat-
ing value of "

less than 8,300 Btu (moist, mineral-matter-free basis).

Types of Coal Mining and Related Terms

Strip Mining - The method of flrst removing the overburden so
as to expose the coal seam, usually by power shovels or drag lines
and then "loading" the coal.

Underground Mining - The method of coal extraction through

underground operatlons, usually by driving a tunnel or drift, or by

sinking a slope or shaft.

Overburden - In strip operations, comprises the soil or sur-
face material, or the geological formatlon overlylng the coal seam.

Stripping Ratio - The ratioc between the thickness of the over-

burden and the thickmess of the underlylng coal seam.

Overburden Ratlio - The ratio between the cubic yards of over-
burden and the tons of recoverable coal.

Geologlcal Terms

Geological terms 1in common use include the following:

Horizon {(Geological) - Strata formed at the same geologlcal
time at different locations.

Stratigraphic Section - A vertical cross section showlng the
relative position and thickness of geological formations in a par-
ticular area.

Coal Bed or Seam - A well-marked or homogeneous division of a
stratified series, characterized hy a more or less well-defined
dlvisional plane fromlts neighbors above and below.

Dip - The angle which the plane of a bed makes with the hori-
zontal plane.

Ark
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Qutcrop - The occurrence of any geologlc stratum at or im-
mediately below the surface of the ground.

Parting - Extraneous materlal in a coal bed, in a relatively
thin layer, separating parts of the bhed., When parallel to the
plane of the coal, partings usually conslst of sedimentary material
such as clay, shale, slcte and sandstone. Partings which cross the
coal beds commonly may contain calecite, kaolinite, or pyrite.

Bench - A stratum of coal forming part of the seam.
Bone (or Bony Coal) - Slaty coal or carbonaceocus shale found
in coal seams.

Terms Relating to Classification
and Analysls of Coal

Among the terms in general use relating to analysis,
classificatlion, and mining of coal are the followlng:

Raw Coal - Coal as 1t comes out of the mine, not having been
subjected to cleaning or any other preparation.

Merchantable Ccal - Processed or cleaned coal of a quality
acceptable for commercial use, and generally equivalent ?or in some
cases, superior) in analysis to that of a channel sample; i.e.,
secured from coal in place, (see definition of mine sample, face
sample, ete.). ‘ ' '

Recoverable Coal - That portion of the total estimated coal in
place that can be delivered as merchantable coal, after being mined
and (where necessary) washed or otherwise cleaned, primarily to re-
move ash. ' '

Proximate Analysis - An analyslis made of coal for the defer-
mination of molsture, volatile matter, flxed carbon, and ash.

Ultimate Analysis - An analysls made of coal for the determina-
tion of constltuent elements, as sulfur, hydrogen, carbon, nitrogen,
oxygen (by difference), and ash.

The As-received condition representing the sample as recelved
at the laboratory, and, for mine samples it approximates closely the
condition of the coal in the mine.

Molsture~free - A condition, actual or assumed, permitting the
determinatlon or calculation of the analysis of a coal sample ex-
cluding 1ts moisture content.
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Molsture and ash-free (Maf) - An assumed condition permitting
calculation of the analysis of a coal sample excluding 1ts mois-
ture content and lts ash content.

Rank - The stage of coalification. A serles showing coal rank,
in order of decreasing completeness, follows:

Rank of Coal

Abbrev-
Class Group lation
Anthracite Meta-anthracite Ma
Anthraclte An
Seml-anthracite Sa
Low-volatile bituminous Lvb
Medium-volatile bituwmninous Mvb
Bituminous High-volatile A bituminous Hvab
High-volatile B bltuminous Hvbb
High-volatile C bitumlnous Hveb
Subbituminous A Suba
Subbituminous Subbltuminous B Subb .
Subbltuminous C Sube
Lignite Lignite Lig
Brown coal Bc '

Heating Value - Heat (gross) resulting from combustion of one
pound of coal, expressed as Btu per pound with specification of
sample condition, as "as-received", "moist, mineral-matter-free”,
"moisture- and ash-free" or 'dry".

Btu (British Thermal Unit) - Quantity of heat required to railse
the temperature of one pound of water one degree Fahrenhelt. Btu
determinations for coal may be made or reported on one or more bases,

as:
1
2
3

Mine Samples - Face Samples or Channel Samples ~ A sample secured
from coal In place in the ground in accordance with procedures specil-
fied by the U. S. Bureau of Mlnes, which requlres that such sample be
obtalned by collecting material in a uniform chamnel extending from
roof to floor of bed, except that partings of shale, bone, and pyrite
5/8 inch or thicker and lenses or concretions of pyrite or other im-
purities more than 2 Iinches in maximum diameter, or 1/2 inch in thick- 700
ness, are excluded. Such analyses are representative of merchantable
coal obtalnable from a mine.

As-recelved
Moisture-free (l.e. dry)
Moisture- and ash-free (Maf)

o v
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"Tigple" Samples - Samples collected, in accordance with
Bureau of Mines procedure, after the coal has received final treat-

ment at the tipple or cleaning plant, or as 1t 1s loaded into rail-
» road cars or trucks.

Delivered Samples - Samples taken, ln accordance with Bureau
of Mines procedure, from coal delivered for (Government) use as
e unloaded from the rallroad cars or trucks.

Inorganic Sulfur - That portion of the total sulfur content
(in coal) which exists in the form of sulfides and sulfates, the
former commonly being lron pyrites, marcasite, chalcopyrite,
arsenopyrite, and stibnite, with caleium sulfate (gypsum) the more
usual sulfate,

Organiec Sulfur - That portlon of the toftal sulfur content other
than the mineral sulfides and sulfates, which is comblned in or-
ganlc compounds.

Washability of Coal - The extent to which extraneous obJjectlon-
able Impurit¥es (such as mineral matter, bone, and/or inorganic sul-
fur) can be reduced by treatment in commercial coal cleaning plants,
with due consideration to the loss of cocal which accompanies such
treatment and the slize limits of the coal before and after treat-

. ment.

Survey Speclfications as to
. Minimum Requirements for Coal

The minlmum requirements for coal deposlts consldered in
this survey are as follows. Definitlons of strip coal are included
for completeness, although no coal reserves are classifled as
strippable.

1. Thickness -
A. For coal to be mined by underground methods:
(a) Anthracite and Bituminous - At least 24 inches.
(b) Lignite - At least 48 inches. |
B. For strip-mined coal - Minimum thlckness 12 inches.

2, Depth
Ark A. TUnderground-mined Coal - Not more than 1,500 feet
~23 below drainage level.
b0 ]
X B. Strip-mined Coal - Not more than 200 feet of over-
3 burden.
70021 Stripping Ratio (for coal mined by

stripping) - Not more than 40 to 1 up
to 75 feet of overburden, and 8 to 1
for overburden in excess of 75 feet.
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The classification of coal deposits as "strippable
shall be governed by the experlence and good judg-
ment of the coal subcontractor as to the economy
of that operation.

3. Minimum Recoverable Tonnage (in an area of 3 miles
radius) - 50,000,000 tons for underground mining or
5,000,000 tons for stripping.

Survey Classification of Coal Reserves

Coal reserves have been classifled into three groups, and
the tonnages of each have been computed, on the basls of the follow-
ing definitions:

Measured Coal - Coal for which tonnage is computed from dimen-
sions revealed 1n outcrops, trenches, mine workings, and drill
holes, with the polnts of observation, 1n general, on the order of
1/2 mile apart.

Indicated Coal - Coal for which tonnage 1s computed partly from
specific measurements, and partly from projection of visible data
for a reasonable distance on geologlc evidence; the polnts of obser-
vatlon, In general, are of the order of 1 mile apart but may be as
much as 1-1/2 miles for beds of known geologlc continuity.

Inferred Coal - Coal for which quantitatlve estimates are
based largely on broad knowledge of the geologic character of the
bed or reglon, and for which there are few, if any, measurements,
The estlmates are based on an assumed continuity, for whlch there
1s geologlic evidence. Where there are only outcrop data on which
to base estimates, such inferred coal is that lylng more than 2
miles 1n from the outcrop and within limited areas (established
as described by Paul Averitt, of the U. S. Geological Survey in a
paper published in the magazine "Mining Engineering" of June 1949).

Classification of Coal Reserves
in respect of Plant Requirements

Avallable Coal Reserves - The amount of estimated recoverable
coal remalning after deduction of estimated commercial and in-
dustrial requirements. Avallable coal reserves 1lnclude primary and
secondary reserves.

Ark
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The classification of anthracite and bituminous coal re-
serves as primary or secondary 1s based upon thlckness of seam and
class of reserve as measured, indicated, or inferred. Thus,
primary reserves for underground mining include only beds 28 inches
or more in thickness which are clagssed ag either measured or indil-
cated. Deflnitlons of strip coal are included for completeness,
although no coal reserves are classified hereln as strippable. The
complete classification 1s as follows:

1. Primary Reserves ("Measured" and "Indicated" only)

a. Underground - At least 28 inches 1ln thlckness.

b. Strip - Minlmum thlickness of 12 inches. Not
more than an average depth of 75 feet of
overburden; strippling ratic not to exceed
15 to 1.

2. Secondary Reserves ("Measured", "Indicated", and
"Tnferred” not included in Primary Reserves)

2. Underground - At least 24 inches in thickness.

b. Strip - Minimum thickness of 12 inches. Not more
than an average depth of 200 feet of overburden;
stripping ratio not to exceed 40 to 1 up to 75
feet of overburden and 8 to 1 for overburden in
excess of 75 feet.

Terms Relating to Water Supply

Surface Water - Water in a natural open channel or a natural
lake.

Ground Water - Water existing below the surface of the ground
in a porous material. It may be elther stationary or moving.

Pirm Water - A quantity of water that ls avallable for use at
all times - year 1n and year out.

Acre~foot (Af) - A quantity of water necessary to cover an
area of one acre with water one foot deep.

Collectlon of Data

In the course of the lnvestigation, all avallable data
pertalning to Arkansas were obtained from various sources,
especially the U. S. Geologlical Survey, U. S. Bureau of Mines and
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various Arkansas State agencles. Certaln information of value was
secured from private agencies, from local Chambers of Commerce, and
from individuals.

A brief reconnalssance was made of the area selected as a
General Area of Coal and Water Avallabllity.

‘4
26

700z



Ark

27
10
70021

27

PROCESSES AND PLANT REQUIREMENTS

Processes Consldered for Arkansas

The term "synthetic liquid fuels" as used in this report
i1s applied to liquid fuels made by the synthine process using low-
volatile bitumlnous coal as raw material. The hydrogenatlion process
was not considered because of the high fixed carbon content of the
avallable coals.

Unit Plant

As a basis for estimates for purposes of comparison in
this survey, a unit plant (unit of plant capacilty or unit capacity)
has been adopted which is not necessarily the most efficlent size for
an independent plant. The production capacity to be understood for
the coal synthine process, when the term "unit plant” is used, is
10,000 barrels per calendar day.

Bagls of Estimates

The prime purpose of the estimates of construction and
manufacturing cost presented in thls report is for use in determining
the relative desirabillity of indlvidual areas as potential locatlions
for synthetie liquid fuels plants. Since 1t is probable that some
years would be required to construct any significant number of plants
of this magnitude, it was decided for comparative purposes to base
estimates of plant requirements and plant product costs upon the as-
sumed use of certain improvements in process (including the direct
pressure gasification of coal) which are still under development here
or abroad, but which appear reasonably likely to be applicable by the
time any synthetic liguld fuels program could be well under way. If
synthetic liquld fuels plants were constructed today, basic require-
ments and costs might be appreclably higher than the estimates given,
due to the necessity for the use of equipment and processes now com-
merclally available. In drawlng other than relative conclusions from
these estlimates, this qualification must be clearly recognized.

Detailed data as to plant requirements, products, and plant:

wagstes, for typical plants operating on the synthlne process, as
furnished for use in this report, are shown in Exhlbit No. 1.

Synthine Process Usling Coal

History. Early work in (Germany by F. Fischer and H.
Tropsch developed a process to combine carbon monoxide and hydro-
gen, producing a mixture of alcohols whlich was called synthol. 1In
1926, the same men announced a modiflcation of thelr process to
produce, from the same gases, a mixture of hydrocarbons. To in-
dicate the close similarity, this product was termed synthine and
has glven 1its name to the process itself.
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Intensive development after 1926 resulted in the con-
struction of a commercial plant in 1936 by Ruhrchemie, A.G. Follow-
ing thls installation, the number of synthine plants in Germany in-
creased to a total of ten by the end of World War II. Requlred car-
bon monexide and hydrogen were produced by conventional water gas
equipment.

Development of the process by others has been followed
for many years by the U.S. Bureau of Mines, which since 1945 has it-
self carried on active work at Bruceton, Pa. Simultaneously, re-
search on the continuous production of synthesis gas (a carefully
proportioned mixture of carbon monoxide and hydrogen) has been under
way at Morgantown, W.Va. A 50 to 100-barrel-per-day demonstration
plant for the Bureau of Mines is nearing completion at Loulsiliana, Mo.

Private capital has nearly completed a 7,000-barrel-per-
day synthine plant to use natural gas near Brownsville, Tex.

Nature of Process. Except for obvious necessary differ-
ences in the productlon of synthesls gas, and 1n disposal of waste
products, the synthine process 1s the same whether coal or natural
gas is used as the primary raw material.

The synthine process conslists essentlally of the combina-
tion, over a sultable catalyst at pressures of from 200 to 400 psi
and at temperatures of from 550 deg to 650 deg F, of carbon monoxide
and hydrogen to form a condensable mixture of hydrocarbon vapors.
The reaction releases large amounts of heat and, since the tempera-
ture may be allowed to vary only within narrow limits, adequate pro-
vision for cooling 1s important. The 1liquld products are recovered
and, for the most part, separated by methods and equipment well
known in petroleum technology. Subsequent catalytic cracklng or
hydrogenation of the heavier oll fractions may be used according to
the deslired product distribution.

In the reaction, most of the oxygen of the carbon monoxide
is converted to water but a part reacts to form carbon dioxide and
a series of both water- and oll-soluble oxygenated organic com-
pounds consisting of alcohols, aldehydes, ketones, and acids.

The nature and quallty of products of the synthine process
depend entlirely upon the type of catalyst used and the operating
conditions regardless of the raw materlal used to produce the syn-
thesis gas. This gas can be produced from any material containing
combustible carbon, the hydrogen being obtainable by reaction of
steam and carbon monoxide.

The principal raw materials suitable for the synthine
process are coal of all ranks and natural gas. Of these, the former
is available in much larger quantities. Although the latter is com-
monly less expensive, 1t is also usually less avallable when exist-
ing commercial demands are satisfiled.
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The appended block flow diagram, Exhlbit No. 2, indicates
a typical arrangement for such a plant, conslstent with the above
descriptlon and with the specific unit plant design, for which esti-
mated construction and operating coats are given 1In this report.
However, the synthine process is more or less flexlble in applica-
tion, and variations in method of synthesils gas production, type of
synthesls reactors, number of reaction stages, steps in product
processing and manner of separation or reuse of oxygenated chemical
by-products may be used in individual plants deslgned to meet dif-
ferent local conditions.

Plant Requirements. The synthine process uses maJjor quan-
tities of c¢oal and of water, hoth for consumption in the process,
and the latter as coolant and for miscellaneous purposes.

Other necessary materials, including chemicals for cata-
lyst manufacture, for the treatment of intermediate liquid products,
and for imparting anti-knock properties to finished gasoline, are
of relatively small amount.

Ccal. Coal for the synthine process may be of any
rank and of almost any quality although low quality (heating value)
willl obviously increase the quantity required for a given plant ca-
pacity. A unit plant of 10,000 barrels daily capaclty would re-
quire daily about 4,600 tons of Arkansas coal, the exact amount de-
pendent upon the heatlng value. Ash content is not inherently ob-
Jectionable but should preferably be as low as possible. To this
end, good washability is desirable. The maximum permissible ash
content 1s 20 percent (dry basis). High sulfur content 1n the coal
is to be avoided because of the necessity for nearly complete sulfur
removal from the synthesis gas, in order to malntain catalyst ac-
tivity.

Water. Wafer is required in a synthine plant mainly
for cooling purposes. Too high a solids content will somewhat in-
crease the requirement for solids control in cooling towers and
bollers. From one-eighth to one-fourth of the water used must be
capable of treatment to provide satisfactory boiler feed. Less than
1l percent need be of potable quality or fit to be made so by chlor-
ination and other treatment. For a unlt plant, the total dally re-
quirement is about 11,150,000 gallons per day.

Power. The baslic chemlcal reactions of the synthine
process liberate quantities of waste heat sufflcient for the gener-
ation of all required electric power and no additional fuel for
power would be required. Outside power is required for starting
up and in the event of temporary failure of plant generating facil-
ities. Integration where posslible of plant faclilities with an ex-
isting power network merits consideration.
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Personnel. Operating personnel for a synthine proc-
ess plant must be largely of a high class of semlitechnical labor as
in the petroleum refining and chemical industries. Because of the
use of pressure equipment, the same 1s true of a substantial propor-
tlon of maintenance labor. Indirect personnel includes such clas-
sifications as materlal handlers, stock clerks, guards, watchmen,
Janltors, and laborers. Technical workers will require a certain
amount of training in speclalized plant operations and maintenance.
The Bureau of Mines has estimated that 80 percent of the technical
workers can be trained from an lnexperlenced labor supply.

The number of employes of a unit plant will vary
slightly according to the proportions of the total output repre-
sented by the various flinal products, but may be stated for a
typlcal example as follows:

Personnel Requlred for
a Typlecal Unit Coal Synthine Process Plant
in Continental Unlted States

Number of
Classification Personnel
Operations:
Wage Earners 338
Supervision 34
Maintenance:
Wage Earners 420
Supervision 42
Indirect Labor (Wage Earners) 103
Indirect Salaried Personnel 198
Total 1,135

Plant Products and By-products. The synthlne process can
produce a serles ol hydrocarbon liquid products comparable to
petroleum fractions and meeting similar commercial specifications.
Although 1t 1s expected that normally a preponderant part of the
output will be gasoline, a certaln limited flexlbility 1s possible
in design and operation through variations in the catalyst used
and 1in operating conditions.

Gasoline quality from a synthine plant varies widely with
the type of catalyst used. The German practice of using cobalt pro-
duced gasoline of markedly low octane number. Use of 1lron catalysts
and higher operating pressures as contemplated by the Bureau of
Mines are expected to result in entirély satisfactory motor gaso-
lines.

Ar]
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Diesel oll by the synthine process 1s expected to he of
good quality with a cetane number of about 55. The typical fuel
01l product 1s expected to meet specifications for a higher grade
than No. 6 (Bunker C), possibly as high as No. 3.

A small amount of liquefiable petroleum gases (L.P.G.),
principally propane, may be produced as final product (as assumed
In the basic data for a typical coal synthine plant, see following
table) or may be recycled or burned as plant fuel. The same 1s true
wilth respect to a series of oxygenated organic compounds formed by
part of the oxygen content of the synthesis gas. Most of these
products, alcohols, aldehydes, and acids, have a definite though
limited market which probably could not absorb the output of such
chemicals from any large production capacity of synthetlic liquid
fuels by the synthine process. Recycling of any of these materlals
is entirely possible and would result not only in solving a disposal
problem but also in somewhat increased llquld fuel output or alter-
natlvely decreased raw material consumption. Thils practice is as-
sumed in the specific plant design for which cost estimates are
glven 1n this report.

Wastes. Solld wastes of a typlcal synthine plant proc-
essing coal will consist principally of ash from the coal processed
or burned as fuel. The small amounts of spent catalyst (mainly iron
oxide) included will be no more obnoxious than the ash. Disposal of
this waste offers no problem, except perhaps in quantity, that 1s
not readily met in the case of any large coal-burning industrial
plant.

Gaseous wastes will be principally those removed in the
purification of the synthesis gas, especially hydrogen sulfide re-
sulting from sulfur in the coal. 1In order %o avoid atmospheric
pollution, the hydrogen sulfide may be converted to sulfuric acld
or elemental sulfur, the sale of which would provide a credilt
against cost of sulfur removal.

Liquld wastes of the plant can be handled so as to skim
those carrying olls and to segregate those containing dissolved
organilc compounds from the process. Such segregated water, before
discharge, may be treated for recovery of these compounds, either
for sale or for recycling. Alternatively, it may be fed to speclal
bollers to procduce a contaminated steam replacing part of the
normal process requirement. Relatively small quantities of sani-
tary and storm sewage can be handled by well-known methods. Some
water from cooling tower operation and boller blowdown will be
discharged with an increased content of dissolved solids.

Typical Synthine Plant (Usin%icoal) for Contlinental
United States. Based on the results of extensive research and

development work of its own, as well as upon avallable data of
other investlgators in the Unlted States and in Germany, the Bureau
of Mines has in the course of preparation estimates of construc-
tion and operatling costs of a synthine plant of commerclal scale.
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Preliminary data from this study, for a plant producing 10,000 bar-
rels of synthetic liquid fuels per day from western Kentucky bitu-
minous.coal, a specific case, have been adopted for this survey for
estimating constructlon and operating costs of a unit plant, to be
used as a basis of comparison for determining relative suitability
of General Areas. In drawing other than relative concluslons from
these cost estimates, however, the preliminary nature of the data

8o far avallable must be remembered. The final estimates determlned
by the Bureau at the completion of 1ts work may differ appreciably
from the present figures.

More generallized data may be summarized as follows for a
typlical unit plant:

Baslec Data and Estimates
for Typical Coal Synthine Unlt Plant
in Continental United States
(Based on preliminary data from U.S. Bureau of Mines)

Plant Area - Acres (minimum) 77

Estimated personnel:
Operations and maintenance (including all

indirect labor) 937
Administrative, clerical and englneering
(salaried personnel only) 198
Total daily coal requirements -~ Bilillions of Btu 126
Power required at 100% load factor - Kw
(produced from waste heat) 114,500
Dally water requirements - Gallons 11,150,000
Total pioduction - Barrels per calendar day:
Propane 470
Gasoline 7,280
Dlesel oll 1,900
Fuel oil 350

The current stage of development of the synthetlc liquid
fuels program does not permit the statement that any speclfic plant
represents average conditions for those which may be constructed.
Variatlons from the mean, however, will notseriously affect the
utility of such a plant as a basls for the purpose of the survey;
i1.e., the determination of the relative sultability of General
Areas.
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SUMMARY OF STATE CHARACTERISTICS

-

Surface Features

The topography of Arkansas is about one-quarter mountain-
ous, this being in the northwest portion of the State. The rest
of the State 1s largely composed of alluvial lands and bottom lands
of the Mississaippil River, which is the State's eastern boundary.
Coal 1s found in Arkansas in a limited area in the western part of
the State adjacent to the Arkansas River which dralns thls area and
flows across the State from west to southeast., The terralin of the
coal-bearing sections is relatively mountalnous.

Clinmate

Exhibit Nc. 3 shows the mean monthly temperatures and
precipitation at Fert Smith which was selected as lndlcative of
the coal region. The mean temperature in Fort Smith varles from
39.5 deg F In January to 81.5 deg F in July. The annual mean tem-
perature 1s 61 deg. F. The rainfall at Fort Smith has averaged
39 inches annually.

Population

A preliminary count of the 1950 U.S. census put the-pop-
ulation of Arkansas at 1,901,631, equal to a population density of
36 persons per square mile over the entire State and a decrease of
2.4 percent since 1940. The population of Sebastlan and Scott -
Counties, which contain important coal deposits as dlscussed later,
was according to thls 1950 census 73,966, equal to a population
density of 52. Of this total, 47,864 was attrlibuted to Fort Smlth,
the State's second largest clty. The population of these counties
has decreased 3 percent in the last 10 years although Fort Smlth
has increased in size 31 percent in this time.

Industry and Agriculture

Arkansas 1s primarily an agricultural State, with cotton
the principal crop. The major manufacturing industries are lumber
and timber products, food products, cottonseed products and petrole-
um refining. In the coal-bearing region of the State, the chiefl
sources of income are from agriculture and livestock, lumber, glass
products and furniture manufacture, the coal mines and the natural
gas flelds. The following table shows the size of manufacturing
establlishments in Arkansas as compared to the United States total.
The.popuilation figures are from the 1950 census and the remaining
figures from the 1947 Census of Manufactures:
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Comparison of Manufacturing Establishments in Arkansas

and in the United States

_____ Arkansas __United States
Number Number Arkanaas
Employes of Percent of Percent Percent
per Establish- of Establish- of of the
Establishment ments Total ments Total Unlted States
1- 19 1,337 69.5% 157,651 65.4%
20- 99 450 23.4 58,688 24 .4
100-499 120 6.2 19,878 8.3
Over 500 17 0.9 4,664 1.9
Total 1,924 100.0% 240,881 100.0% 0.8%
Population 1,901,631 150,697,361 1.3%
Transportation

The followlng majJor rallroads serve the coal-bearing area
of Arkansas: Missourl Pacific, Chicago Rock Island and Pacific,
St. Louls & San Pranclisco, Kansas Clty Southern and Midland Valley.
The Mississippl River on the eastern border of the State offers water
transportation, and there have been proposals to make the Arkansas

River navigable.
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COAL

General Geolo of Coal Deposlts
(See Exhibit No. 4, Coal Biblliography, for references below)

Bitumlnous and seml-anthracltlic coal-bearing formatlons
of Pennsylvanlan age occur in a relatlvely limited area in west-
central Arkansas, where they underlie portilons of eight countiles.
Thls area forms the eastern end of the southernmost portion of the
coal basin extending through Iowa, Nebraska, Mlssourl, Kansas, and
Oklahoma, which 1s designated as the Western Region of the Interior
province by the U. S. Geologlcal Survey.

The coal-bearing strata in west-central Arkansas represent
an eastern continuation of the adjolning and contiguous coal deposits
iIn southeastern Oklahoma. The coal beds extend into Arkansas 1in a
general east-west dlrection for a distance of approximately 75 miles,
with a width of approximately 35 mliles from north to south, along the
Oklahoma-Arkansas State line, decreasing toward the eastern end to
approximately 20 miles. The coal measures of west-central Arkansas
are lower Pennsylvanlan 1n age, being largely composed of alternating
beds of sandstone, shale, and cocal. These sediments were deposited
in an elongated area of accumulation, with a maximum total thickness
of approximately 12,000 feet, and are characterized by a number of
intra-formational unconformlties, which are further complicated by
considerable divergence and convergence of indlividual stratigraphlc
unlts, with assoclated irregularitles in formational thicknesses.

After original deposlition and consolidation of coal beds
and assoclated strata, the coal fleld was deformed and compressed by
crustal stresses directed outward from the Ouachlta mountain-forming
disturbance, which toock place south and southeast of the coal-bearing
area. The present coal field of west-central Arkansas is located 1n
a comparatively narrow basin along the Arkansas Rlver, between the
Ouachita Mountains on the south and the Ozark (Bostonj Mountains on
the north. This belt 1s composed of numerous, long, tightly-folded
anticlines and comparatively broad, shallow synclines, whose axlal
dlrections are parallel or subparallel to the faulted and folded
zone of older formatlions at the southern edge of the coal-bearing
area. The lIlntenslty of foldlng decreases progressively toward the
north, with the structures gradually merging with the poorly defined
structural irregularities of the mountainous plateau north of the
coal field. The coal bed outcrops and occurrences of west-central
Arkansas are directly assoclated wlith the eroded surfaces of the
flexures and fault blocks 1n the folded belt and, in consequence,
follow an extremely 1irregular outcrop and structure pattern.

(References: 1, 2, 3, 6, 8, 10, 12, 15)
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The principal coal bed of the west-central Arkansas coal
fleld 1s the Lower Hartshorne bed, occurring at the base of the
McAlester shale formation which overlies the Hartshorne sandstone
formation. The Upper Hartshorne bed occasionally overlies the Lower
Hartshorne bed in minable thickness. The Charleston and the Parls
beds occur stratigraphically above the Hartshorne beds and have
varlously been classifled as elther in the McAlester formation or
in the Savanna sandstone which overllies the McAlester formation.

The Atoka formation, which carries a few thln beds of coal, under-
lies the Hartshorne sandstone,

The remalning areas of Arkansas other than the principal
coal flield of west-central Arkansas and the lignite-bearing belt
(described immediately hereinafter) form substantial portions of
the Ozark Mountains, the Ouachlta Mountalns, the Mississippi River
embayment, and the Coastal Plains of southwestern United States.
These areas are not® known to contain coal deposits and were not
considered further in this report.

Lignite-bearing Strata (See Exhibit No. 4 for references
below) In addition to the bituminous and semi-anthracitic coal-
bearing fields described above, lignite-bearing strata of Lower
Tertlary age curve across the northeastern, central and southern
portions of the State, in a general northeast-southwest direction.
Lignite occurrences are found in areas of relatively limited ex-
tent wlthin this belt. Indlvidual beds are generally confined to
lenticular pockets of limited extent and thickness. The following
paragraphs glve a brilef descrlptlion of the Arkansas lignite-bearing
areas:

The lignite beds of Arkansas are largely contained 1n
the Wilcox formatlon of Lower Tertiary age, which forms a relative-
ly narrow band along the outer rim of sedlments in the Mississippl
Rlver embayment and the southern Coastal Plaln. The strata dip at
low rates toward the southeast and south, under a mantle of later
Tertlary and recent deposits. Although widespread, lignite oc-
currences have been especlally explolted or noted only in Clay,
Greene, Polnsett, Saline, Dallas, Calhoun, and Ouachita Countles.

Arkansas lignites are high in distillation products,
yvielding both o0il and gas in quantities and qualities comparable
with products obtained from distillation of cannel coal. Lignite
has also been used locally, in relatively small amounts, as in-
dustrial and domestic fuel and in the manufacture of briquets.
Products from a few areas have been processed for pitch, dyes, and
moentan wax.

The largest area of occurrence, as revealed by the avail-
able Information, 1s in Ouachita County where maximum thlcknesses
of 8 ft 0 in. have been recorded. The average thickness of beds

(References: 1, 2, 7, 8, 15)
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in this area, however, is from 2 ft 0 in. to 3 ft 6 1n., this being
less than the minlimum thickness whlch 1s congldered as sultable for
synthetic liquid fuels plant supply, according to the definitions
established for this survey.

Information on lignite deposits in other portions of the
State 1is insufficlent to establish estimates of reserves and sug-
gests that the llgnite beds are lenticular in occurrence and limited
In individual extent, as well as generally averaging less than 4 ft
0 in. 1In thickness. -

In view of the limited information, the lenticular nature,
and the apparent thinness of the beds, the lignite beds of Arkansas
do not appear to be sultable for potential production of synthetic
liquid fuels and are consequently ellminated from further consider-
ation.

Description of Coal Trade Districts

The coal production of Arkansas is frequently subdivided
Into as many as 11 coal-producing districts in industrlal practice,
but the use of distrlcts as definltlve areas 1s commonly restricted
to areas of producing mines. Consequently, coal reserves removed
from such productlive areas would not commonly be recognized as por-
tlons of these distrlcts. The conslderation of available data on
Arkansas coal deposits, accordingly, was conducted by countles rather
than by districts.

Although the entire coal-producing area of Arkansas was
included within District 14 (Haskell, Le Flore, and Sequoyah Counties,
Oklahoma, and all countles in Arkansas) under the Bituminous Coal
Act of 1937, common trade practice segregates Arkansas production
by individual coal-producing districts. These dlstricts are gener-
ally separate areas in which the geographlc position and/br the
physlcal characteristics of the coal beds and the accompanylng strata
have been such as to encourage concentrated development. These com-
merclal producing districts are briefly described in Appendlx A.

Sources of Information

The earliest lnvestigatlons of the coal-bearing regions in

Arkansas were published by the Arkansas Geologlcal Survey in 1888
and by the U. 3. Geological Survey in 1907. Since these dates the
geology of the Arkansas coal flelds has been comprehenslvely de-
scribed in subsequent publicatlions by both the State and Federal
Geological Surveys. The Bureau of Mines presented the results of
many analyses of mine samples 1n 1928. The State Mine Inspector
publishes annual reports on mine production statlistlics, these pub-
lications affording material information on the locatlion, source,
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and extent of productlion. While the references described above
generally contain the major amount of avallable information on the
coal resources of Arkansas, other publicatlons and reports were ex-
amined throughout the survey.

survey Methods and Procedure

In estimating the coal reserves of Arkansas, all perti-
nent information avallable from the llterature and other sources
was posted on prevlously prepared base maps, with sources of Iinfor-
mation belng appropriately indicated. Each such base map covered
an area consisting of one degree of longitude (east-west) and one-
half degree of latitude (north-south) on a scale of 1:62,500. Such
an area comprises eight 15-minute topographle quadrangle maps as
ordinarily prepared by the U. S. Geologlcal Survey. A separate
print of each base map was prepared for each coal bed within the
area, provided sufficlent information was avallable to permit an
evaluatlion of reserves.

All avallable informatlon on outcrop, depth and thickness
of each bed including the extent of underground and/or strip mine
depletlion, was posted on each base map area. The areas underlain
by coal in each township were carefully analyzed and evaluated
prior to delineation of classifled areas of reserves. Individual
depleted areas were then demarcated and eliminated from further
measurement by enclosure within a limiting iine located sufflclent-
ly far outslde the outermost extents of the mined-out area to repre-
sent the limit of the probabhle barrier plllars which would be left
between the mined-out area and subsequent mining operations. Where

individual depleted areas approached other depleted areas to such an

extent that subsequent mining operations in the intervenlng areas
would not be practical, as by groups of mlnes located relatively
close together in many areas of major depletion, the entire area
wasg demarcated and eliminated from further measurement by a similar
1imiting line. Since the property lines toward which mining oper-
ations 1n active mines may be expected to proceed, were not deter-
mined in thils survey, 1t is probable that some portions of such
intervening areas thus elimlnated may be undergolng current deple-
tlon. The amounts of such reserves, which are considered rela-
tively minor 1in extent, would thus not be included in the total
amount of estimated reserves.

Having demarcated and ellminated from further measurement
all depleted areas as described above, the remaining areas of re-
serves adJacent to such depleted areas and to outcrops, including
any portlons of the bed disclosed by drill hole or isclated shaft
records, were classified by lines defining the various areas of
measured, indicated, and inferred underground reserves as warranted
by the available Information and according to the definitions es-
tablished in Part II of this report. Distinctlons between primary
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and secondary underground reserves were based on average thicknesses
of bed within each township.

Each clagsified area of reserves within each township, as
thus dellneated, was measured by planimeter to determine acreage,
this figure then belng multiplied by average thickness of the bed
as developed from the data and by a constant of 1,800 tons per acre-
foot, following U. 3. Geological Survey procedure, to estimate the
number of tons 1in place. The data on thickness of coal and cover
and on acreage and quantity of reserves were then tabulated by town-
ships, on basic Coal Data Sheets attached hereto as Exhibit No. 5,
with the information and estimated guantitiles of reserves in each
townshlip belng grouped by indlvidual beds in each county.

For reasong previously mentioned (in the discussion of
coal trade districts) the analysis and study of available data on
Arkansas coal deposits were conducted by counties rather than by
sald districts. Prellimlnary analysis of such available data in-
dicated that the Charleston and Paris beds were persistently too
thin to permit their 1nclusion in thils investigation according to
the definitions employed in this survey. The Denning and Spadra
coals of the eastern portlion of the Arkansas coal fileld are co-
related with the Lower Hartshorne bed of the western portion of the
field. This latter bed, then, represents the only coal selected
for continulng consideration.

Strip mining was first reported in Arkansas in 1918. Ex-
cept for a brief period of activity from 1923 to 1928, 1inclusive,
strip mining represented less than 5 percent of total State produc-
tion until 1941, when it increased rapldly untll, in 1944, it repre-
sented nearly 33 percent of the total State production, this flgure
having remalned approximately congstant since that time. Informa-
tion on the 1948 production indicated that approximately 82 percent
of the strip mining output in that year was obtained from 14 opera-
tions in Johnson and Sebastian Counties, with the remainder being
obtained from 4 operations in Franklin and Scott Countles. Except
in a relatively few favorable locatlions, the general relationships
of coal occurrence and continuity to the topography are such that
large areas of strippable reserves are not present in Arkansas and
large-scale operations cannot be readily conducted. This is ex-
emplified by the fact that the average annual production in each of
the 18 stripping operatlons in 1948 was only approximately 30,000
tons. The avallable information in Arkansas 1s insufficlent to per-
mit the delineation of strippable areas, and, accordingly, no esti-
mates of strippable reserves have been made. It 1ls probable that
strippable reserves on a State-wide basls, 1f present, would repre-
sent but a slight proportlion of the total reserves.

Under the deflnitions employed Iin this survey for deline-
ating areas of measured, indicated and iInferred coal reserves, esti-
mates of measured and indicated classes of reserves are largely
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based upon positive points of observation at maximum intervals, as
provided by the respective deflnitlons. Estimates of inferred re-
serves, however, are based largely upon assumptlion of extent, con-
tinulty and thickness for whlch there 1s reasonable geologlc evi-
dence. Whille avallable evidence of continuity and persistence of
Individual coal beds has thus been taken into account in projecting
areas of inferred reserves beyond areas of measured and indicated
reserves, the resultant estimates are regarded only as provisional
until further evidence from new or hitherto undisclosed explora-
tion becomes avallable.

The Information used in thils survey was generally based
on data from major sources such as Federal and State publications,
annual productlon statlstics, etc. Nelther time nor funds were
avallable to thls project for complete collection of all potential
iInformatlion 1n the hands of private interests. Since information
from these sources would probably increase the useable information
on extent of demonstrated coal reserves above that available from
most publicatlons, the estimated primary reserves in this survey
would probably tend to 1lnerease rather than decrease as and when
such addltional information may become avallable in the future.

The dlagram following, has been prepared to indicate
graphically the results of the prevliously described Survey Methods
and Procedure as those may appear on the 1ndividual base maps on
which the various coal data are shown in detall.

Elimlnatlion of Counties Not Meetlng
Requirements of Survey

It has been indicated that a number of lignite beds are
present in a curving belt across the northeastern, central, and
southern portionsg of Arkansas. Preliminary examlnation indicated
that the available Informatlon was lnsufficient to establish esti-
mates of reserves for the lignite deposlits. It was found that the
lignlte beds were lenticular in occurrence and that average thlck-
nesses were less than the minimum thicknesses for lignite estab-
lished by definltion for conslideratlon in this survey. For these
reasons, the counties contalning lignite deposits were eliminated
from further consilderation in this report.

As Indlcated in the table following, there are elight
counties in Arkansas which are entirely or in part underlain by
bituminous or semi-anthracitic coal-bearing strata. Preliminary
examination revealed that three of these countles (second column
of the table) were either largely underlain by strata younger in
age than the coal-bearing formations, which effectively concealed

Ark
41b
42

7002



VZZz-4§

1§-22-1

DIAGRAM SHOWING
PROCEDURES FOLLOWED
N

CLASSIFYING AREAS OF RESERVES
AS

BASED ON AVAILABLE INFORMATION

SCALE QF MILES
1 2

Boundary of area considered
as depleted

9
RBW

DD% fl_o'

LEGEND

@ Areas depleted by strip
or underground mining.

| m-&— o~ Shatt, drill hole or putcrop record

LY
o

UNDERGR(;?J

INFERR
7
Y

’
'd
7/

o §

¥



44

any surface lndlcations of coal reserves, or were too close to the
outermost edge of the coal-bearing formation to contain minable
areas of even the lowermost coal beds. These three countles were

¢ accordingly eliminated from further consideration 1in this report.
The available information on each of the remalining five counties
was then compiled by coal beds and examined 1n detail.

The eliminatlon of the three counties as described above,
left filve of the original elght counties in which the coal reserves
appear to qualify as suitable for synthetic liquid fuels productilon.
These counties are enumerated in the last column of the table, and
a summary of thelr recoverable coal reserves is shown in Exhibit
No. 6. The following section of the report describes the nature and
extent of the coal beds in these countles and presents some data
relating to present commerclal production.

Selection of Counties in Arkansas Containing
Coal Reserves Sultable for Production of
Synthetic Liquld Fuels

Countles
. Eliminated
All Counties Because of
Contalning Fringe Posltlon Countles
Coal-bearing near Outermost Selected for

Strata Limit Conslideration
Crawford Crawford
Franklin Franklin
Johnson Johnson
Logan Logan
Pope Pope
Secott Scott
Sebastlan Sebastian
Yell Yell

Descriptions of Coal Reserves in Selected Counties

Scott County. (See Exhibit No. 4 for references below)
Scott County is the southernmost of the two countles, located along

Ark the Oklahoma State line, which contaln coal measures 1n the west-
44a central Arkansas coal field. The coal-bearing portion of Scott

3 County 1s located along the southern flank of Poteau Mountaln, at
70021 the northwestern corner of the county. Although the syncline oc-

cupied by Poteau Mountain extends northeast and eastward across the

(References: 3, 6, 10, 12, 21, 22)
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entire north line of Scott County, the Upper Hartshorne bed occurs
only as a horlzon marker east of the southeast corner of Sebastian
County. .

The Bureau of Mines report, M.M.3. No. 1807, "Bitumlnous
Coal and Lignite Production in 1948" indicates that approximately
85,000 tons were produced in Scott County in that year, of which .
approximately 72,000 tons were produced from one stripping oper-
ation. The available Information indicates that sufficlent re-
serveg of the Lower Hartshorne bed are present in northwestern Scott
County to warrant further consideration as synthefic liquid fuels
plant supply.

The Lower Hartshorne bed dips northwestward under
Poteau Mountain from 1ts cutcrop, which extends in an approximate-
1y northeast-southwest direction along the southern base of the
mountain. The rate of dip ranges from 10 to as much as 20 degrees,
from the outcrop. The bed 18 unusually thick at the Oklahoma-
Arkansas State line, where 1t reaches a total thickness of 7 ft 6
in., with a thin shale parting separating the bed into two benches.
The thicknesses of this and additional partings increase toward the
northeast, so that the bed becomes spllt infto from two to four
benches, separated by shale partings, which increase from less than
1 inch to many feet in thickness. Where separated by thick shale
partings, the indlvidual benches are generally less than 2 ft 0 in.
in thickness.

Sebastian County. (See Exhibit No. 4 for references .
below.) Sebastian County 1is the westernmost county in the principal
portion of the west-central Arkansas ccoal flield, and contains a
number of areas in which mining operations have been extensively
conducted. The county 1s crossed in a generally northeast-south-
west direction by a number of sub-parallel anticlinal and synclinal
axes, whlch generally dip toward the southwest. The principal coal
of the county occurs in the Lower Hartshorne hed.

Bureau of Mines data on bituminous coal production in
1948 indicate that approximately 712,000 tons were produced from
Sebastian County in that year, of which approximately 234,000 tons
were produced from ¢ stripping operations. The available informa-
tion indicates that there are relatively substantial reserves of
the Lower Hartshorne bed which are sufficient iln extent to warrant
further consideration as synthetic liquid fuels plant supply.

The Charleston bed outcrops around a shallow syn-

cline In the north-central portion of the county, and along the Ark
flanks of a narrow syncline in the east-central portion of the 44h
county. This bed ranges only from 1 ft 0 in. to 1 ft 6 in. 1in 458
thickness, but has been opened by numerous small operations for 3
local fuel supply. 7002

(References: 3, 8, 10, 12, 21, 22)
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The Lower Hartshorne bed has been widely mined along
both the northern and southern flanks of a comblned thrust fault
and anticline, which form an east-west strip of barren formations
across the northern portlon of the county. The bed dips toward the
north along the northern limb of the area at rates of from 10 to 17
degrees and toward the south, from the southern portion of the area,
at rates of from 5 to 14 degrees. ’

The outcrop of the Lower Hartshorne bed extends 1n a
generally southern direction across the southern portion of Sebastian
County, south of the barren belt, with variations in direction of
both outcrop and dlp, in conformance with the synclinal and antil-
clinal axes. As in the northern portion of -the county, this bed has
been widely mined along large portions of 1ts outcerop by both under-
ground and stripping operaticns. - In this area the dips of the coal
bed range from 5 to as much as 25 degrees toward the northwest, west,
and southwest. The thickness of the Lower Hartshorne bed in
Sebastian County rangés from less than 2 ft O in. to approximately
5 ft 0 in. ‘

The Upper Hartshorne bed exists largely as a horizon
marker in Sebastlan County, at Ilntervals of from only a few feet to
as much as 50 feet above the Lower Hartshorne bed. Although oc-

v caslonally thickening to a maximum of 5 ft O in., this bed is In-
ferlor in quality and contains numerous partings of shale or bone.
The areas of thickening appear to be limited in extent.

The avallablé information indicates that there are
substantlal reserves of the Lower Hartshorne bed in Sebastian County
which are sultable for further consideration as synthetiec liquid
fuels plant supply. A limiting factor' in the estimating of re-
serves of this bed, in relatively small areas within the large areas
of occurrence, is the 1,500-foot depth limitation below major drain-
age, as provided by the definitions employed in this survey.

Franklin County. (See Exhibit No. 4 for references below)
The two coal-bearing areas of Franklin County are located separately
in the southern portion of the county, south of the Arkansas River,
and in the southeastern corner of the county, north of the Arkansas
River. Bureau of Mines data on bituminous coal production in 1948
indicate that approximately 141,000 tons were produced from Franklin

Ark County in that year, of which 25,000 tons were obtained from three
45b stripping operations.

16a

3 The Parls bed outcrops only in the extreme southern

70021 portion of the county and 1s mostly too thin to support even local
mining operations.

(References: 3, 4, 10, 12, 21, 22)
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The Charleston bed forms the principal coal of the
Charleston dlstrict of southern Pranklin County. Although averaging
less than 2 ft O 1n. in thickness, the bed slopes but gently toward
the axes of the relatively small synclines in which 1t occurs and
has been extensively mined by both underground and stripplng oper-
atlons.

The Denning (Lower Hartshorne)bed occurs in the
Denning-Coal HiIT and Philpott districts of east-central Franklin
County, north of the Arkansas River. 1In the Denning-Coal Hill
distrlct, the bed ranges up to 4 £t O in. in thickness and has been
wldely mined along the central portion of the predominant synclilne
In which the coal 1s located. The western end of the Phllpott syn-
cline in Franklin County has also been extensively mlned, although
the bed in thls district averages less than 2 ft 0 in. in thilckness.

Johnson County. (See Exhibit No. 4 for references A
below.) Johnson County contains all of the Spadra district in the
southern portion of the county and portlons of the Denning-Coal
H11ll and Phillpott districts, along its southwestern boundary line.
The Spadra (Denning) bed in these three districts is correlated
with the Lower Hartshorne bed of Scott and Sebastian Countles.
Portions of all three districts have been widely mined. Information
indicates that the bed ranges from less than 2 ft O 1n. to a maxi-~
mum of 4 ft O in. in the three separate areas of occurrence. Bureau
of Mines data on bituminous coal production 1n 1948 indicate that
approximately 407,000 tons were produced from Johnson County in
that year, of which 208,000 tons were produced from 5 stripping
operations.

Logan County. (See Exhibit No. 4 for references B below)
Logan County contalns portions of the Parls district which 1s lo-
cated 1n the north-central part of the county and the Scranton
district which represents a southern extenslon across the Arkansas
Rlver from the Spadra dlstrict of southern Johnson County. Bureau
of Mines data on bitumlnous coal production for 1948 indicate that
approximately 260,000 tons were produced from Logan County in that
year, all of which was obtalned from underground operations. The
avallable information indicates that a large proportion of this pro-
ductlon was obtalned from the Parls dlstrlect.

The Parls bed occurs in the east-west Paris basin
near the Franklin-Logan County line in north-central Logan County.
Although averaging less than 2 ft 0 1n. 1n thickness, the dips of
the bed toward the axis of the shallow syncllne are gentle and the
bed has been widely depleted. The avallable information is in-
sufficlent to permit estimates of reserves.

References A: 3, 4, 10, 21, 22;
References B: 3, 4, 10, 21, 22
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The Spadra (Denning, Lower Hartshorne) bed in the
Scranton district of northeastern Logan County 1s projected from

* but limlted information on continuity and thickness. Such Informa-
tion indicates that the bed ranges from 3 ft 0 in. to 4 ft O in. 1in
thickness.

Estimated Percentage of Recovery of Coal 1n Place

Broad over-all records of percentage of recovery from coal
regserves Iln place in existing underground and strip mine operations
in Arkansas are not avallable. In 1923 the Bureau of Mines prepared
a summary report on "Amount and Nature of Losses 1n Mining Bitumlnous
Coal in Eastern Unlted States', which was published 1n 1925 as a
portlion of the Report of the United States Coal Commission, estab-
lished in accordance with Public Act. No. 347 by Congress on September
22, 1922, Thls report, which covered only the underground mining
which prevailled at that time, found that in 1921 the average amount
of coal lost in mining operations in 10 eastern states was 34.7 per-
cent, indicating a recovery of 65.3 percent. The maximum average
recovery was 80.0 percent in Virginia, and the minimum average re-
covery was 51.0 percent in Illinois. No investigations were con-
ducted 1n Arkansas.

In estimatling percentage of recovery from reserves in
place across broad areas such as those established in this report,
the amount of over-all bed losses entailed in future mining oper-

’ atlons would normally be considered as exceeding the average per-
centage of losses involved in present individual operations, as-
suming that methods of mining were not essentially changed. The
causes of such decreases In over-all recovery in broad areas in-
clude coal left in barrier pillars between mines, coal left in
mined-over areas when individual active operatlions are abandoned,
coal unmined because of undetected loeal decreases in thickness,
quality, or contlnulty, coal left in place under towns, cemeterles,
rallroads, schools, or other reservatlons, coal left in piliars
around oil and gas wellg, etc. In this report the recovery from
coal reserves in place by underground mining, based upon avallable
data and on providing for possible contingencies cited above, 1s
estimated as SO percent.

Summary Description of Estimated Coal Reserves

The total tonnage of coal considered for synthetlic liquid

Ark fuels manufacture 1n Arkansas as of January 1, 1949, based on avail-
able information and wlthin the limits of reserves specifled for
4%¢ this survey as described in Part II of this report under "Defini-
47a tions" and in Part IV under "Survey Methods and Procedure', was
3 estimated at 831,328,000 tons 1n place or 415,664 tons recoverable.

70021 Because of the limitatlons imposed by this survey, the estimates
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presented hereln of reserves considered available for the manufac-
ture of synthetic liquid fuels, are not comparable with other coal
estimates which generally include the total coal reserves in
Arkansas. For example, in Circular 94 of the U. S. Geological Sur-
vey, the total recoverable reserves for Arkansas as of January 1,
1950, (assuming 50 percent recovery) are reported as 768,106,000
tons. The estimate by the U. S. Geological Survey used an estimate
prepared by M. R. Campbell in the years prior to 1928, because new
appraisals were not available.

The detalled data are presented by township units on the
basic Coal Data Sheets (Exhibit No. 5). The recoverable reserves
are also indicated on the Coal Data Sheets and summarized in Ex-
hibit No. 6. Diagrammatic outllnes of the areas underlain by re-
serves are indicated on Exhiblt No. 7. The estimated total re--
coverable reserves (415,664,000 tons) are recapitulated by countles
in the following table:

Estimated Total Recoverable Reserves (All Underground)
in Arkansas considered for Synthetic Liquid Fuels Manufacture
by Counties, as of January 1, 1949 (A)
(Thousands of Tons)

Lower Hartshorne Bed (Denning, Spadra)

County Primary Secondary Total
Franklin 18,864 1,670 20,534
Johnson 54,277 2,517 56,794
Logan 21,042 66,840 87,882
Scott 23,891 4,148 28,039
Sebastian 150,429 71,986 222,415

Total 268,503 147,161 415,664

Note: (A) Estimated in accordance with specifications and
procedures established for thls survey.

As shown in the foregoing table, five countles were found
to contain sultable reserves for production of synthetic liquid

fuels according to the definitions and procedures established for A
. this survey. All of these reserves are contalned in the Lower .

Hartshorne bed, which elsewhere 1s designated as the Denning or 4
Spadra bed. The reserves in Sebastlan County are the largest for 4
any of the individual counties, forming over 50 percent of the total B
reserves In the State. Reserves in the remaining counties range 700

from 20,000,000 tons in Franklin County to approximately 88,000,000
tons 1n Logan County.
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Commercial Coal Production
(See Exhibit No. 4 for references below)

Trends in Production. The earliest indication of coal
production 1n Arkansas by the U. 3. Geologlcal Survey was In 1840,
when 220 tons were recorded. Since that tlme, Bureau of Mines data,
as of 1948, indicate that a total of 90,414,000 tons of coal has
been produced. Achleving its maximum annual preoduction of 2,670,000
tons in 1907, the annual cocal precduction of Arkansas has largely
ranged between 1,000,000 and 2,000,000 tons, with a total of
1,662,000 tons in 1948, the last year of record.

Beginning on a small scale in 1918, the percentage of coal
produced by stripping dld not exceed 5 percent of total State pro-
duction (except for a brief period of increased activity during 1923
through 1928) until 1941. Strip mine production increased rapldly
thereafter, until in 1944 it represented 32.2 percent of total State
production, thls ratio having remained essentially constant to the
present.

Although mechanical loading of underground coal, commonly
used as an index of underground coal mechanization, began as early
as 1925 in Arkansas coal operationsg, it had attained only 37.1 per-
cent of toftal underground production by 1937. Beginning in 1938,
however, mechanical loading increased rapidly, until in 1947 and
1948 1t represented 80 percent of total underground production.
Nearly all of such mechanically loaded productlion is handled by con-
veyors,

In common with most other coal-producing states, the aver-
age slze of mines has Increased in Arkansag durlng recent years.
In consequence, the number of active mines has decreased from a
high of 146 in 1923, when total productlon was 1,297,000 tons, to
65 in 1948 of which 47 were underground operations and 18 were strip
mines, with a total production of 1,662,000 tons. The average number
of employes has also decreased from approximately 4,035 in 1922 to
2,502 1in 1948.

Despite lncreases in mechanization of underground oper-
ations and in strip mining, the average productlvity in tons per
man per day 1in the Arkansas coal field has increased only from 2.75
in 1918 to 3.69 in 1948. Bureau of Mines data on bituminous coal
production in 1948 indicated that, in that year, the average produc-
tion per man per day was 2.89 in underground mining and 8.81 in
strip mining. These relatively low average outputs per man result
from the thin beds and adverse physical characteristics of the aver-
age mining operations in Arkansas.

(References: 4, 8, 21, 22)
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Coal Beds Mined. The largest production in Arkansas 1s
obtained from the Lower Hartshorne bed of Sebastian and Scott
Countles, with which 1s correlated the Denning and Spadra beds of
Franklin and Johnson Countles. Next in relative importance are
the Parils bed of Logan County and the Charleston bed of Franklin
County.

Thickness of Coal Beds. The thicknesses of coal beds
being mined by commerclal operatlions in Arkansas vary from less
than 2 feet to between 7 and 8 feet, the weighted average thick-
ness being approximately 3.1 feet. A speclal study by the Bureau
of Mines 1n 1945, on underground and strip mining in the United
States, indicated the following percentage of production in Arkansas
by thicknesses of bed:

Arkansas Coal Productlon by Thickness of Bed

Percent of
Total Production

Bed Thickness Underground Strip
Less than 2 feet 28.0% 23.2% :
2 to 3 feet 35.0 21.1
3 to 4 feet 32.0 6.3
4 to 5 feet (A) 20.3 .
5 to 6 feet - 4.0
6 to 7 feet (a) 22.3
7 to 8 feet - 2.8
Welghted average thickness 2.7 feet 3.9 feet
Note: (A) Undistributed between 4 to 5 feet and 6 to 7 feet,
5.0 percent.
Quality of Coal. (See Exhibit No. 4 for references ‘
below,) The coal beds of west-central Arkansas range from low-

volatile bituminous (1vb) to semi-anthracite (sa) in rank, with
the rank generally increasing from west to eagst. In general,

Arkansas coals are superior in quality to coals of Iowa, Missouri, Ar
Kansas, and northeastern Oklahoma, largely being of high-grade 43
domestlc and industrial qualltles. While the Arkansas seml-anthra- 80
cite does not coke, the low-volatile bituminous coals are strongly K]
coking In character. 7002

(References: 4, 8, 15)
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Specific representative analyses of the coal beds deter-
mined to contaln reserves for potential synthetlc liquid fuels plant
supply are presented in the summary and detalled tabulations ac-
companying this report. In large part, the available analyses of
coal beds in Arkansas have been obtained from operating mines which
are primarily located in the higher-quality beds. The analyses
herein presented may not be fully representative of the entire re-
serves in any specific county, for this reasoen. But few analyses
are available from beds of inferior quallty, inasmuch as these have
not been developed and operated for commercial Industrial competl-
tion. The following ranges in selected items of analysis (for coals
mined throughout the State) summarize the general quality of the
individual beds conslidered during thls survey and for which informa-
tion was available (as-received basis), with the beds being listed
in descending order:

Summary of General Quality of Arkansas Coal Beds
(Mostly Mine Sample, As-received Basis)

Representative
Coal Bed Item of Analysis Low High
Paris Moisture, percent 2.5
Ash " 10.0
Sulfur " 3.2
Btu per pound 13,500
Denning (Lower Molsture, percent 1.4 4.3
Hartshorne) Ash, " 6.4 10.7
Sulfur, " 1.5 3.0
Btu per pound 13,250 14,330
Spadra (Lower Moisture, percent 1.7 3.1
Hartshorne) Ash, " 8.3 8.6
Sulfur " 1.8 2.8
Btu per pound 13,690 13,870
Lower Molsture, percent 0.8 4.8
Hartshorne Ash, " 6.7 11.2
Sulfur, " 0.8 2.5
Btu per pound 13,270 14,390

Distributlon and Use. Over 98 percent of present com-
mercial production 1s loaded dlrectly at the mines Into railroad
cars or trucked to rallroads for shipment to destination. Except
for coal used at the mines, the remaining productlion 1s loaded Into
trucks. Principal coal-carrying rallroads in Arkansas, in the ap-
proximate order of tonnage loaded for shipment, as reported by mine
operators, are as follows:
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Missouri Pacific

St. Louis & San Francisco

Midland Valley

Kansas Clty Southern

Dardanelle and Russellville Ry. Co.
Chicago, Rock Island & Paclfic

The available Information on distribution of coal does
not permif an analysls of the dlstrlibutlion of Arkansas coal by
destination and use, Iinasmuch as production was included with that
of District 14 (Haskell, Le Flore, and Sequoyah Counties, Oklahoma)
in complling such Information during the years when these data were
avallable. In general, Arkansas coals are used mainly for power
generation, domestic and industrial fuel, coke-making and manu-
facture of briquets. While prepared at the mines 1n a varlety of
slzes, production from east-central Oklahoma and Arkansas (District
14) moves primarily as lump coal and double screened coal with top
slzes over 2 lnches, as modified mine-run coal with top sizes over
2 inches, and as resultant or dedusted screeningswith top sizes
over 3/4 inches but not exceeding 2 inches.

Future Coal Requirements. The demand for Arkansas coal
has varied only between 1,000,000 and 2,000,000 tons for the past
30 years. Although the low-volatlle bitumlnous coal of the wesgt-
ern portion of the Arkansas coal fleld 1s adaptable for ccke-making
purposes, the percentage so used is relatlvely small. No coke is
manufactured in Arkansas. According to Information Circular 755359,
published by the U. S. Bureau of Mines 1n March 1950, 123,000 tons
of low-volatile coal and 57,000 tons of medium-volatile coal from
Arkansas sources were received at slot-type ovens in the United
States for coke production 1n 1947. With a grand total of over
97,000,000 tons belng received from various states for coke produc-
tion at slot-type ovens, the total Arkansas coal received for such
uge represented but 0.2 percent of the total for the country,.

It 1s posslble that gradual depletion of high-grade cok-
Ing coals in other states more favorably situated with respect to
the principal coke-making centers than Arkansas, would increase
the demand for coking coal from those beds in Arkansas which are
best adapted to this method of utilizatlion. It 1s not posslble,
however, to forecast the amount or extent of such possible rate
of increase on the basls of avallable information. It appears that
the future demand for Arkansas coal may approxXximate the rate of
demand whlch has prevailed 1n recent years. At the 1948 produc-
tion rate of approximately 1,662,000 tons, the ftotal demand for
Arkansas coal in the next 50 years would be 83,100,000 tons. This
figure is used solely as an estimate of future requirements other
than for the development of a synthetic lilquid fuels Iindustry.
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Selectlion of General Areas of Coal Avallability

Elimination of Unsgatisfactory Areas. Upon completion of
basic mapping and tabulation, each area of reserves was then examlned
as to location, extent, amount of recoverable reserves, and relation-
ship to other adjacent or nearby reserve areas. Isolated areas with
Insufficlent reserves to provide at least one synthetic liquid fuels
plant for a 40-year life were eliminated from consideratlon. The lo-
cations and amounts of estimated recoverable reserves of such
eliminated areas are shown in the following table.

Eliminated Areas of Unsatlsfactory Reserves

Estimated Recoverable Reserves
in Thousands of Tons
Denning and Spadra Beds

(Lower Hartshorne)

Location
County in County Primary Secondary Total
Franklin SE 18,864 1,670 20,534
Johnson Southern 54,277 2,517 56,794
Logan NE. 21,042 66,840 87,882
Total 94,183 71,027 165,210

Deduction of Coal Reserves for Future Commercial Requlre-
ments. The total recoverable reserves 1n Arkansas considered for
synthetic liquid fuels manufacture, as shown 1n a previous table,
are estimated at 415,664,000 tons. It is estimated that the com-
merclal requirements of Arkansas coal for the next 50 years, based
on the 1948 production rate of 1,662,000 tons, would be approxi-
mately 83,100,000 tons. On these bases, there are 332,564,000 tons
available for the production of synthetic liquid fuels.

Substantial areas of underground reserves of coals of su-
perlior quality, continuity, or thickness in Arkansas are in the
hands of operating companies. While no attempt was made 1n this sur-
vey to confine estimates of reserves to areas not owned or controlled
by operating or holding companies, some allowances for present owner-
ship of underground coal were probably unavoidably effected by ex-
cluding from the mapping and tabulation of reserves certain rela-
tively minor areas not yet depleted, but lying within major areas
of depletion as previously described under "Survey Methods and
Procedure". It is considered that such eliminated reserves, at
least some of which are probably being depleted by active mines, will
supply some portion of the estimated future commercial requirements
for Arkansas coal. The total amount of potential supply thus pro-
vided, however, is consldered as relatively minor in extent.
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Demarcation of General Areas of Coal Avallablllity. After
elimination of the areas of unsatisfactory reserves, listed in the
foregoing table, the remaining areas of reserves were grouped into
one General Area of Coal Avaliability, in accordance with the defl-
nitions and procedures established for this survey. Since subsequent
Investigatlons Indicated the avallability of adequate water in this
General Area, the area 1s the same as the General Area of Coal and
Water Availability shown on Exhlibit No. 8. The locations, boundaries
and areas underlain by the included coal reserves in this General
Area are diagrammatically shown by this exhibit. The detalled data
pertalning to the General Area are shown in Exhiblt No. 9. These
data 1nclude information on thicknesses of bed, depths of cover,
rank and quality of coal, area underlain by coal reserves, estimated
recoverable regserves (by classes), and the daily capacity of syn-
thetic 1liquid fuels plants, in thousands of barrels, which could be
supported through a 40-year life, by the estimated reserves. The
General Area contains adjacent portlons of two counties in which the
sultable avallable reserves are contained, within a single geologic
and geographic unit.

Exhiblt No. 9 indicates that the estimated reserves of
250,454,000 tons in the Sebastlian-Scott General Area are sufficlent
to support a daily capacity over 40 years of 37,000 barrels of syn-
thetlc liquid fuels manufactured by the synthine process. It should
be noted that the Arkansas coal reserves included within the General
Area contaln flixed carbon contents which exceed the maximum specifi-
cations of filxed carbon content (69 percent, maf) for coals indi-
cated by the Bureau of Mines to be sultable for the hydrogenation
process.

Deduction of the 250,454,000 tons to be used as reserves
for production of gynthetic liquid fuelg in the Sebastian-Scott
General Area from the total recoverable reserves of 415,664,000
tons 1n the entlire State, leaves a balance of 165,210,000 tons,
more than sufficlent to satlsfy the estimated future commerclal re-
quirements, for Arkansas coal (83,100,000 tons). It is possible
that a portion of either synthetic liquild fuels supply or future
commercial requlrements willl eventually be obtained from the
165,210,000 tons contained in the eliminated areas of unsatis-
factory reserves. It is likewise possible that present operating
companles elther own or control some reserves for future commerclal
production which were not 1lncluded in the total amount of reserves
estimated hereln as available for synthetic liquid fuels plant
gupply, as previously described under "Survey Methods and Procedure".
There 1s also the probability of additional reserves belng de-
veloped in areas for which there is not now sufficlent informa-
tion to warrant the estimatlion of reserves for the purpose of this
report.

Ark
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Under the deflnltlons and procedures employed 1n this sur-
vey and with allowances specified for future commerclal production,
1t 1s concluded that sufficlent coal reserves are avallable 1n the
Sebastian-Scott General Area of Coal Avallablllty In Arkansas to
supply synthetic 1liquid fuels plants havling a minimum capaclty of
37,000 barrels per day for a perlod of 40 years, using the synthine
process. It 1s probable that continued exploration and development
of Arkansas coal reserves will result in the dliscovery of additlonal
reserves for both synthetic liquld fuels plant supply and future
commercial requlrements in areas for which there 1s not now suf-
ficlent Information to permit the present estimatlon of reserves.
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NATURAL GAS

. The investigation included a study of all natural gas
and oil fields in Arkansas wlth speclal reference to the quantity
of gas to be recovered, the gas availlable for synthetic liquid
fuels plants, and the cost of gas 1n the field.

The principal oil and gas fields in Arkansas have heen
found in sandstones or limestones of Cretaceous or Jurassic Age.
The princlipal gas accumulations are found in the Reynolds limeatone
of Jurassic age, at depths of 7,000 to 9,000 feet, with initial
reservolr pressures rangling from 3,500 to 4,400 psi.

. Data relating to remaining available reserves of natural
gas in Arkansas, which have an average heating value of 1,022 Btu
under atandard conditions, are briefly summarized in the following
table:

Summary of Estimated Recoverable Natural Gas Reserves
: in Arkansas
(In McI under Standard CondItions)

As of Jan. 1, 1949

Total 1,057,715,000
Commerclal Requirements:
Contract 907,025,000
To Be Used in Field 113,390,000
Total Commercial Requirements 1,020,415,000
Undedicated Reserves:
Proved Drilled 33,000,000
Proved Undrilled 4,300,000
Probable 0
Total Undedicated Reserves
as of Jan. 1,1949 37,300,000
Ark
5
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Most of the gas reserves are under contract to plants or
gas pipe line companies for domestic, commercial, and industrial
use. The welghted average fleld price for gas under contract ranged
from 2.3 to 5.5 cents per Mcf, depending upon the field under con-
slderation and the life of the contract.

In the largeat gas field in Arkansas, the McKamie-Patton
field located in the southwestern part of the State, the remalning
gas reserve is estimated to be 214,000,000 Mcf. The principal gas
accumulation in this field exists in a large gaes cap partlally en-
clrcled by a band of oll. For purposes of maximum oll and conden-
sate recovery a program of gas lnjection 1s 1n operation. The gas
regerves in this fleld will not be available for any purpose until
the program of gas injection has been completed. At that time,
most of the gas will be sold to gas pipe lines under contracis
now existing.

The -total undedicated gas reserve amounted to only
37,300,000 Mcf, so that there were no-avallable undedicated re-
serves in Arkansas as of January 1, 1949 meeting the requlrements:
at least 225 trillion Btu (225,000,000 Mcf of 1,000 Btu) gas pro-
duclble within a radius of 40 miles and having a heating value of
not less than 400 Btu per cubic foot at standard conditions., Dis-
coveries of new flelds and extensions of known fields in the interim
between that date and the date of this report warrant no changes in
this conclusion.

Detalled Information pertaining to natural gas forming
the basis for conclusions expressed are contained in the report pre-
pared by DeGolyer & MacNaughton which accompanies this report
as Appendlix B.

X
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OIL-IMPREGNATED STRIPPABLE DEPOSITS

* The 1nvestigation of oll-impregnated strippable deposits
was confined to a review of available data and to a general de-
termination therefrom of the nature and extent of deposits.

Surface or near-surface oll-lmpregnated deposlts outerop
in southwestern Arkansas 1ln Plke and Sevier Countles and in western
Arkansas In Scott County.

The avallable information indicates that none of these
deposits 1s of sufficlent richness, thickness, and total quantity
to meet the minimum reserve requirements, which require at least
10,000,000 tons of deposits in any 5-square-mile area, 1n vertical-
ly continuous beds at least 15 feet thick, overlaln not more than
thelr own thickness by overburden, and yleldling at least 10 gallons
of oll per ton of deposit.

It is therefore concluded that there are no reserves of
cll-impregnated strippable deposlits in Arkansas to furnish raw ma-
terials for synthetic liquid fuels manufacture.

Detalled Information pertalining to the oll-impregnated
* strippable deposits survey, and the basis for conclusions expressed,
are contalned in the report prepared by Max W. Ball, whlch accompanies
this report as Appendix C.

Ark
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WATER SUPPLY

Hydrological Features

There 1s one General Area of Coal Availability in Arkan-
sas. This area 1s deslgnated as the Sebastian-Scott General Area
and is located 1n the western part of Arkansas near the Oklahoma-
Arkansas State lline. This Area has coal reserves adequate for the
production of 37,000 barrels of synthetlc liquld fuels daily.

The General Area lies entlrely within the Arkansas River
basin, Just south of the Arkansas River. Vache Grasse Creek drains
the northern part of the Area into the Arkansas River. The southern
part of the Area 1is drained by James Fork, which flows into the
Poteau River in Oklahoma. The relationship of the General Area to
the streams 1ln its vicinity 1s shown on Exhlbit No. 10.

The coal reglon ranges in elevation from 400 to 700 feet,
wlth several mountains over 2,000 feet high dominating the country
in the southern part of the Area.

The average annual ralnfall in western Arkansas 1is 47
. inches. Within the General Area, it ranges from less than 40 in-
ches in the northern part to almost 50 inches in the mountainous
area to the south. During extremely dry years, the rainfall may be
only 50 percent of the average.

The runoff in streams in the Area varies considerably de-
pending upon s0ll conditions such as vegetation, land slopes, and
distribution of ralnfall. The average runoff of streams near the
General Area is 1.1 cfs per square mlile, or about one-third of the
rainfall. Evaporatlon, trangspiration, and seepage losses account
for the remalnder.

The runoff 1s erratic with high flocod fliows following
storms and almost no flow at the end of long dry summers. Ample
water supplies for synthetic liquid fuels plants or other purpcses
could be developed from the streams in the viecinity of the coal
area by the construction of reservolrs to impound flood waters for
later use during periods of drought. The Arkansas River, which
even in dry weather has a substantlal fiow, is highly mineralized

ARK and not satlsfactory for water supply purposes during many months
. of the year.
58

3 The coal area l1ls sparsely settled and, except for Fort

70021 Smith to the north, there are no communities in and adjacent to
‘ the General Area with as much as 2,000 population.
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Water Requirements for Synthetic
Ligquid Fuels Plants

Water 1s qulte essential for synthetic liquid fuels pro-
duction, not only for steam generated for power but for synthesls
gas production in connectlon with the coal synthine process. Water
is used for cooling purposes and for boller and coollng tower blow-
down to remove accumulation of salts left by the evaporated water.

In a coal synthine process unit plant there are approxi-
mately 54 billion Btu's that have to be dissipated dally by cocling
waters.

Quantity. The following table shows the quantity of water

required bo or process and domestlc use iIn connectlon with a
synthetic liqulid fuels unit project:

Water Requirements for Coal Synthine Unit Project

Make-up Consumed Return
Mgd Cfs Mgd Cfs Mgd Cfs -
Plant Use 11.15 17.25 7.71 11;93 3.44 5.32
Domestic Supply 1.94 3.00 0.49 0.76 1.45 2.24 .
Total 13.09 20.25 8.20 12.69 4.89 17.56

Process. A detalled statement of the coal synthine
process water requirements, glven in Exhiblt No. 11, shows most of the
water use in the plant to be for cocollng purposes. The estimates as-
sume reclrculation of cooling water over coollng towers.

One-through coollng without the towers would require
about 18 times more water but the consumptive use would be much less.
It would be feaslible only for a unit development located on the bank
of a large river or a large lake. The cost of delivering large quanti-
tlies of water to a remote site would be relatively prohibitive.

In estimatlng water supplies for the General Area of
Coal Avallability in the State of Arkansas, total plant requirements Y
have been used wlthout allowance for water returned to the stream as
possible waste or sewage. Such waste water might be returned at a
considerable distance from the point of withdrawal and might contaln

considerably more natural salts than the origlinal water diverted and *

be less desirable for some purposes. Ark
Water use data and cost estimates are based upon aver- 59

age annual demands. The total quantity of water required for concur- LB

rent full development in the General Area within the State would be
75 cfs or 48.47 mgd using the synthine process. 7002
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Domestlc¢. The amount of water to be supplied for
domestic purposes, as shown in table at the beginning of this
chapter, 1s affected not only by the total number of workers (de-
termined by the choice of process), but also by the proportion of
those workers that would come from already established communities
having their own water supplies. Again, in view of the small rela-
tive cost of water as compared with the other items contributing
to total product eosts, varlations 1n condlitions affecting domes-
tic water requirements are relatively small. It is therefore,
assumed for this report that domestic water would have to be sup-
plied for all the workers in plant and mine, the service people,
and the familles of both. A per capita allowance of 150 gallons
per day has been made uniformly for the population of the plant-
city. This population is arrived at by multiplying the number of
plant and mine workers by five. This amounts to 12,955 persons for
the synthine process.

Quality. Process water must be relatively clear and
free from TUrbidify and substances capable of clogging condenser
tubes, cooling towers, and other equipment. The dissolved solids
content 18 not of major importance except that a high concentra-
tion would require frequent blowdown of cooling towers and bollers
and would increase the amount of make-up water. Boiler feed waters
must be free of organic matter and insoluble solids and suitable
for softening. Water for drinking and sanitary purposes in the
mines and plants and in the communities serving the developments
would have to be potable and of a quality satisfactory to the public
health authorities of the State. Water softening might be required
for domestic use.

Water Resources

The General Area of Coal Avallablility in Arkansas lies
wholly within the Arkansas River dralnage basin. Water for a
synthetic liquid fuels plant 1in this Area could be obtained di-
rectly from the Arkansas River or from one or more of its trl-
butaries. The ground water resources are limlted throughout
western Arkansas and particularly within the General Area. A
more detalled discussion of each of these possible sources
follows:

The source of information for a large part of the
statistical and technical information found in the water-supply
sections of thils report is shown in a Water Resources Bibli-
ography, Exhibit No. 12. Acknowledgements for Technical Infor-
mation on Water Supply, Exhibit No. 13, 1list the indlviduals
and agencles who rendered assistance in obtalning material for
this report.

Surface Water. The most important sources of water
supply for a synthetic liquid fuels development in Arkansas are
the Arkansas River and Vache Grasse Creek and other tributaries
of the Arkansas River.
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Arkansas River.

of the United States, rises In the Rocky Mountaing and flows east-
ward through some of the most arid land in the United States before

reachling the relatlvely humid section in eastern Oklahoma and Arkan-

sas., It 1s classiflied as a navigable stream from its mouth on the
Mississippi River upstream to Muskogee, Okla., but the Corps of
Engineers has reported that constructlon of a 9-foot channel 1s not
economically Justiflable and that the channel could not be maln-
talned during prolonged drought periods.

The flow of the Arkansas River is hlghly varilable,
ranging from low values after long dry period to ragling floods.
A hydrograph of the mean monthly flow of the Arkansas River at Van
Buren, Ark., since the record was started in 1928, is shown in
Exhiblt No. 14. The stream flow characteristics of the Arkansas
River are summarized 1n the following table:

Flow of the Arkansas River at Van Buren, Ark.

Drainage Area, Sq Ml 150,300
Perlod of Record 1928-1947
Mean Flow Cfs 32,330
Mean Flow Cfs per 3q Mi 0.215
Minimum Annual Flow, Cfs 7,523

Year of Occurrence 1940
Minimum Monthly Flow, Cfs 658

Month of Occurrence Aug.,1934
Minimum Dally Flow, Cfs 245

Date of Oc¢currence Aug.21,1934

The low flow of the Arkansas River as 1t passes the

General Area would be barely sufficlent to meet the needs of a single

10,000-barrel-per-day plant with once-through cooling and the flows
would not be adequate for development of the coal resources beyond

10,000 barrels per day.

be so far from the Arkansas River that pumping the large quantities
of water involved for once-through cooling would not be economical.

The flows of the Arkansas River, however, are adequate

at all times to meet the maximum synthetic liquid fuel cooling re-
quirements 1if recirculation of the cooling water through cooling

towers 1s provided.

This arrangement would be satisfactory for the

General Areas except that the Arkansas River water 1s so highly
mineralized that it could be used only with difflculty because of

Thls stream, one of the major rivers

In any event, the plant site probably would

.

700



Ark
62

0021

64

frequent blowdown of the cooling towers and because much more make-
up water would be required.

Vache Grasse Creek and Other Tributaries of the
Arkansas River, Tribufary streams avallable for water-suppliy
purposes near the General Area include: Vache (Grasse Creek,
James Fork of the Poteau River, the Poteau River itself, the
headwaters of Petit Jean Creek, and other minor streams east
of the Area. A tabulation of recorded and estimated stream flow
data for tributaries of the Arkansas River in the vicinity of
the General Area 1s shown in Exhibit No. 15.

The natural flow of none of the above streams 1s
sufficient in dry weather pericds to provide any substantial amount
of water for synthetic liquid fuels water supply, and storage reser-
voirs would be required to impound the wet weather runoffs.

Water Quality and Stream Pollution. Analyses of
surface waters In The vicInIfy of the coal area in Arkansas are
summarized in Exhiblt No. 16, and the average mineral content of
waters 1n the Arkansas River during recent years is shown in the
following table:

Mineral Content of Water in Arkansas River at Van Buren

1948 1949
Water Year Water Year

Average Maximum Average Maximum

Dissolved Solids, Ppm 700 1,340 744 1,560
Chlorides, Ppm 292 722 301 778
Hardness as CaCOz, Ppm 193 360 239 355
Mean Flow, Cfs 34,910 - 45,180 -

The shales in western Oklahoma through which the
Arkansas River flows contain considerable gypsum and salt and the
waters that pass through this area are readily mineralized. The
salinlty of the Arkansas River water 1ls aggravated by the discharge
of oll fleld brines upstream. By contrast, surface waters originat-
ing in the east do not pass through very soluble materials and are,
therefore, of much lower mineral content. For example, the average
dissolved sollds, chlorides, and hardness in water from the Petit
Jean Creek at Danville, Ark., during 1948 were 56, 5, and 21 ppm,
respectively.
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The quallity of water in the Arkansas River changes
with the seasons. Durlng periods of flood, the water is turbid and
relatively low in dissolved mineral matter. During periods of low
flow on the other hand, the waters are very much less turbid, but
they are harder and contain greater concentrations of dissolved
sollds. The relationship between dissolved solids and stream flow
of the Arkansas River at Van Buren 1s shown in Exhibit No. 17.

Tt will be noted £rom Exhibit No. 17 that the Arkansas

River water at Van Buren exceeded 1,000 ppm dissolved solids during
three months of the year 1949, That year was comparatively wet
with an average flow at Van Buren six times greater than the average
flow in the dry year 1940. Chemlcal analyses are not avallable for
the period of extreme low water, but it 1s reasonable to assume
that the dissolved solids content was often 2,000 ppm, or greater.,
Exhiblt No. 17 indicates also that generally the dissolved sollds
content exceeds 1,000 ppm in the waters of the Arkansas River at
Van Buren when the river flow drops below 10,000 cfs. The flow at
Van Buren was less than 10,000 c¢fs durlng 40 percent of the time 1in
the 20 years of record since 1928; a flow of less than 10,000 cfs

was recorded 75 percent of the time during the dry period of 1939-40,

In addition to difficulties inherent In using highly
mineralized water for industrial purposes, the excessive chloride
content would make the water unpalatable for long pericds of time
during drought periods, and other sources would have to be developed
for domestic supplies. The Arkansdas River 1s nét used anywhere 1in
Arkansas as a source of municipal water supply. Little Rock ob-
tained its water supply from the river until 1938 when an impounded
supply was developed on a tributary because of the high mineraliza-
tion of the main stem of the Arkansas River., The Fort Smith water
supply, previously taken from the Pbteau Rlver near its mouth, was
80 adversely affected by the backwater of the Arkansas River that
in 1936 thils source was abandoned in favor of an impounded supply
on a tributary stream 25 miles from the city.

The low flows and the poor quality of Arkansas Rlver
water have been mcdified somewhat by the operation of recently con-
structed reservolrs upstream in the Arkansas Rlver basin, and may
be further modified hy the construction and operation of hydroelec-
tric power plants at several of the existing flood control reser-
voirs in Oklahoma. The Corps of Engineers has also proposed a
series of dams on the Arkansas and Canadian Rlvers in Oklahoma for
flood control, with hydroelectric power facilities included at
gome of the sites.

If faclilities for the productlion of firm power are
installed, as authorized at the existing and proposed flood con-
trol projects, storage of flood flows and release of waters from
storage through hydroelectric plants would increase substantially
the low flows of the Arkansas Rlver and would lmprove the water
quality. In this event, the feasibllity of using Arkansas River
water alone for process purposes at synthetic liquid fuels plants

70(C
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should be consldered, with development of supplies from tributary
streams only for domestlc consumption. However, at present, de-
velopment of a water supply of good quality from Vache Grasse
Creek for synthetlc liquid fuels purposes 1s more promising.

As indicated in Exhibit No. 16, and as discussed
earlier in this report, the waters in the tributary streams in
western Arkansas are soft and extremely low in dissolved sollds.
Pollution 1s of minor importance in tributaries of the Arkansa
River 1n the vicinlty of the cocal areas because the communities are
80 small and few of them have sewerage systems. Acld waste dis-
charges from coal mines in western Arkansas have affected some of
the streams, especlally during low flow periods, and this condition
is likely to be aggravated by coal mining activity in connection
wlth the synthetic llquid fuels plants unless measures are taken to
prevent this type of pollution.

The turbldity of the small streams is not high except
durlng periods of heavy runoff. Where storage reservoirs are used
to impound the flood runoff of streams, the reservolr would serve
to remove much of the 81l1t. Furthermore, the construction of reser-
volrs would Improve the quallty of the water, not only by providing
for sedimentation of the silt and for natural purlfication of sew-
age wastes, but also by blending the runoff during wet and dry
periods. The water quality 1n the reservoir on Vache Grasse Creek
would be entirely satisfactory for coolling purposes at a synthetic
liquid fuels plant, and conventlional ccagulation and filtration
would render the water satisfactory for domestic purposes and for
process uses requiring high quality water. It 1s expected that the
boiler feed water would have to be softened, but softening of domes-
tlc water supplies would not be necessary.

Ground Water. Ground water resources in the vicinity of
the General Area are IImited except along the Arkansas River, where
the relatively shallow alluvial deposits might yleld large quanti-
ties of water. Away from the river, only limited quantities of
water are obtained for small domestlic or municipal supplies from
compacted underlyling sandstones and shales.

While an extensive test-drilling and pumping program
might demonstrate the feaslibility of ground water supply in the
viecinity of the Arkansas Rlver, the prospects are not good. Be-
cause of the uncertainty of the ground water supply and because
of the distance of the alluvial deposits from the assumed plant
glte, it has been assumed that a surface water supply would be
the most practlcal for a synthetlc liquld fuels development 1in
Arkansas.
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Water Uses - Existing

Before méking a detailed analysis of the development of
the possible water resources for synthetic liquid fuels plants,
the rights of existing and future downstream users are to he con-
sldered. - .

#unlecipal and Industrlial Uses. Due to the extreme low
flow of the sireams In thls area during drought periods storage 1is
required for municipalities depending on these sources for their
water needs, The principal towns, their water uses, and sources
of supply are shown in the following table:

Principal Public Surface Water Supplles in the Vicinity
of the Coal Area in Arkansas

Approximate Average
Populaticn Consumption

City Source Served (Mgd)
Fort Smith Lake Fort Smith 60,000 5.00 .
Greenwood  Lake on Vache Grasse Creek 1,000 0.04

Manafield Impounding Reservoir on
Chercokee Creek, -a tribu-

. tary of James Fork 900 0.07

Booneville Lake 1,200 0.12
Charleston Lake Charleston 900 0.17
Total 64,000 5.40

| ‘Lake Fort Smith located on Prog Bayou has a capacity of
about 12,100 AF. Its full capacity is needed for the municipal Ar
supply which serves alsc Camp Chaffee, a military reservation. ’ﬂg;

Control Flow. It would not be desirable, in general, to 7002
divert or store the full flow of Vache Grasee Creek. Downstream
water uses are nominal, but some minimum flow might be required to
satisfy domestic and farm uses. In estimating storage requirements,
the minimum flow below which water would not be withdrawn for syn-
thetlc liquid fuels production is assumed as that flow whlch would

*
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be exceeded 90 percent of the time. This flow 1s defined in this
report as the control flow and was estimated at 0.016 cfs per

square mile. In preparing mass dlagrams for the Petit Jean Creek

at Danville, it was deducted from the natural stream flow.

Flood Control and Conservation. Other reservolrs in the
vicinity of the coal area are the 430,000-AF Wister Reservoir on
the Poteau River in Oklahoma and the 258,000-AF Blue Mountain Lake
on Petlt Jean Creek. All of the 400,000 AF of storage allocated
for flood control in the Wister Reservolr 1s needed for that pur-
pose and none of this capaclty would be avallable for synthetic
liquid fuels water supply. Wister Dam could be raised to increase
the storage capaclity, but only at great cost because of structural
difficulties and additional relocation of raillroads, highways, and
other utlilities. The District Office of the Corps of Englneers
has suggested that part of the 30,000 AF alloeated for conserva-
tlon storage might be used for synthetic liquid fuels purposes.
This 1s recognized as a possible source of water supply, but in
the absence of any deflinite arrangements, it has not been used
in the cost estimates. Blue Mountain Lake, constructed for flood
control by the Corps of Engineers, is 30 mliles east of the assumed
plant site 1n the General Area, and water could not be obtalined
economically from it, Therefore, a separate water supply reser-
volr for synthetic liquld fuels production is proJected in Arkansas.

Water Uses - Proposed

Potential water uses, which might affect synthetic liquid
fuels development, which are under consideration by the U.S. Corps
of Engineers are discussed in thls section. Puture water uses that
might arise from the development of synthetic liquid fuels plants
are dlscussed in a later sectlon entitled "Water Availlable for
Synthetic Liquid Fuels Development”.

Hydroelectric Posslbllities, There are no hydro power
plants in m The General Area of Coal Avallablility.
A hydroelectric power project has been authorized for construction
by the Corps of Engineers on the Arkansas River at a proposed lock

and dam near Ozark.

The reservolr bullt for synthetic liquid fuels water sup-
Ply on Vache (Grasse Creek would be relatively small and would af-
ford little head for the production of electric power. PFurther-
more, the head avallable is not sufficlent to ralse the water to
the synthetic liquid fuels plant site. The cost of storage to
provide a power pool in addlition to water supply requlirements
would be so great as to make the production of hydroelectric power

unwarranted and uneconomical.
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Water Rights

The common law doctrine of water rights is applicable to
the surface and ground waters in Arkansas. The common law doc-
trine for surface waters, also termed the riparian rights doctrine,
affords to each owner of land contigucus to a stream the right to
make whatever use of the water he requires for dqomestlc purposes
and the watering of llvestock and to make such use of the water for
irrigation or other purposes (such as manufacturing) as is reason-
able with regard to like reasonable uses by all other owners of
land riparlan to the same stream.

The common law or old English law for ground water 1s
based upon the principle that the owner of land 1s alsc the owner
of all water underlying his realty. The land owner is, therefore,
entltled to withdraw such water without hindrance and regardless
of the effect such wilthdrawal would have on surrounding territory.

Arkansas has no regulations controlling the utilization
of surface or ground waters except for the protectlion of fish life
as promulgated by the Arkansas Game and Fish Commission. The ad-
ministration of statutes by the Game and Fish Commission prevents
the obstruction or blocking of any stream so that free passage of
"fish 18 not possible, and prohlbits the lowering of natural water
level of any body of water that would endanger the 1ife of fish.
It also requlres that water works intake plpes be screened against
the entry of fish. The State Board of Health supervises public
-water supplies and industrial water supplles used for drinking pur-
poses. Plans for such works must be submitted to and approved by
the Board. '

Water Avallable for Synthetic Liquid Fuels Development

The possibllity of taking water of better quality from
the Arkansas River during perlods of relatively high flow and de-
veloping Vache Grasse Creek by impounding its flood runeff for
use during prolonged periods of low flow in the Arkansas Rlver
was investigated. Such a dual water supply system for a 10,000-
barrel-per-day synthetic liquid fuels plant would be more costly
than developing the Vache Grasse Creek alone for the water supply,
because of the distance between the Arkansas River and the assumed
plant site, and because the storage that would be required for
such a proJject would be very little less than the storage required
for a separate development on Vache Grasse Creek. However, Vache
Grasse Creek alone would not furnish enough water for the full
development of the coal resources in the General Area. In the
event of such a large-scale program, pumping water from the Arkan-
sas River during periods when the water quality ls satisfactory

7
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would be feasible and more economical than develeplng more distant
tributary streams. With this type of development, water would be
taken from Vache Grasse Creek Reservoir whenever the dissolved
sollds content in the Arkansas Rlver water was above 1,000 ppm.

In the absence of a gaging station on Vache Grasse Creek,
the avallable water supply and the storage required have been
estimated from U.S.G.S. stream flow records at a nearby gagling
station on Petit Jean Creek at Danville. The storage required was.
estimated from the mass dlagram and storage-yield curve prepared
for the critlcal 1939-1942 period of low water in Petit Jean Creek,
as shown on Exhibit No. 18. It 18 assumed that the runoff of the
Vache Grasse Creek per square mile of dralinage area 1s comparable
to the unit flows in pPetit Jean Creek during each month and that
the total runoff at any polnt is proportiocnal to the total dralnage
area above that point.

The 3Z-year period on Petit Jean Creek at Danville, the
longest record of any in the vicinity of the coal area in Arkansas,
indicates that the most severe extended dry spell occurred during
the 1939-1942 drought. It may be assumed that in western Arkansas
conditions as severe as those during this period are unlikely to
recur more than three or four times in a century.

Sites for a reservolr within the area are available on
James Fork as well as Vache (Grasse Creek, The former would be
costly to develop because 1t would involve rallroad relocation,
The Vache Grasse Creek site was therefore used in the cost esti-
mates. The most sultable site for a reservolr is about 5 mliles
northeast of the assumed plant site. The boundaries of the tri-
butary drainage area and the flow line of the reservolr were drawn
on U.S5.G.S.- topographic maps and dralnage areas and approximate
capacitles of reservolrs were determined by planimeter. The loca-
tion of this reservolir is shown on Exhibit No. 10.

The storage estimates are based on mean monthly flow data
and are sllightly less than if they were estimated from daily flow
data. Por developments utilizing a high percentage of the total
runoff and requiring maximum stérage, the error lntroduced by using
monthly flow data 1s not significant. In general, the allowances
for storage are conservative.

The maximum yleld that might be developed economically by
construction of a storage reservolr on Vache Grasse Creek is abouft
0.6 cfs per square mlile of drainage area. This yield 1s predicated
on the assumption that the reservolr would not be drawn down during
a drought period of more than three years before being refilled.
With a safe yield of 0.8 cfs per square mile, a dralnage area of at
least 33 square miles would be required to furnish enough water for
a unit 10,000-barrel-per-day synthetlc liquid fuels plant.
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The net storage capaclty determined from the storage-yleld
curve in Exhlblt No. 18 is increased by allowances for evaporation .
and siltation. For developments requiring storage over a 3-year
perlod, the allowance for evaporatlon i1s estimated as 4 feet times
the reservolr surface when two~-thirds full. For the development of
20 cfs from Vache Grasse Creek, the reservoir would be drawn down .
over perlodsnot exceeding 2 years, and the total evaporation is
estimated at 3 feet. The loss in capacity from siltation is esti-
mated at the rate of 0.5 AF per square mlle of tributary dralnage
area annually over a total perlod of 40 years.

General Area of Coél and Water Avallability

In view of the foregoing discussion with respect to water,
i1t appears that the General Area of Coal Availability previously
establlshed and shown on the map, Exhibit No. 8, would have avail-
able water sufficlent for at least one 10,000-barrel-per-day syn-
thetic liquid fuels plant. Consequently, the Sebastlian-Scott Gen-
eral Area may be classed as a General Area of Coal and Water Avail-
abllity for the purpose of this report.
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COAL

General Discussion: General Area of Coal
and Water Avallabllity

The Sebastian-Scott General Area of Coal and Water Avail-
ability in Arkansas, which was demarcated after preliminary study as
being capable of supplyling raw material for synthetic liquid fuels
production, was next studied in detail from an economic standpoint
to ascertain its further general suitabllity for synthetic liquid
fuels production. Avallable Information indicates that sufficient
quantities of coal are recoverable to support one or more 10,000-
barrel-per-day plants for a periocd of 40 years, of which 20 years!
supply 1s from primary reserves and the additional 20 years? supply
from elther primary or secondary reserves. The total reserves are
recoverable only by underground mining, . there belng no strippable
deposlits estimated as avallable for synthetic 1liquid fuels plant

supply.

Detailed estimates of coal production costs are shown in
Exhibit No. 19. Baslc data on coal bed characteristics, estimates
of recoverable reserves, estimated capltal cost requirements, and
estimated cost of coal supply per barrel of synthetic liquld fuel
products are shown on Exhiblt No. Z20.

Coal Characteristics and Properties

Rank and Chemical Analysls. (See Exhibit No. 4 for refer-
ences below.) Descriptions and evaluations of the chemical and
physlical characteristics of the coal reserves in the General Area
are generally avallable. These reserves, located in one principal
coal bed, are low-volatile bituminous (1vb)in rank, with fixed
carbon contents in excess of 69 percent (maf basiss. Such coals are
not consldered as sultable for hydrogenatlion in this survey, but are
sultable for the synthline process.. Ranges in selected ltems of
representative analysis for regerves in the princlpal bed are as
follows (as-recelved basils):

Representative Analyses of Coal Reserves 1ln
the Sebastlan-Scott General Area
(Mine Samples, As-received basis)

Moisture Ash Sulfur Btu
Coal Bed (Percent) (Percent) (Percent) per Pound
Lower Hartshorne:
Maximum 2.7 8.2 1.0 14,430
Minimum 2.0 5.6 0.7 13,550

Detailed analyses and other characteristlcs of coal in the General

(References: 8, 12)
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Area are presented in Exhibit No. 20 of this report.

Type and Petrographic Analysis. (See Exhibit No. 4 for
reference A below.} Petrographlic assays on the speciflc Arkansas
coal contained in the General Area are not avallable, although
such assays have been made on the same bed at adjacent locatlons
in Oklahoma. In Le Flore County, Okla., the approximate petro-
graphic composition of the Lower Hartshorne bed conslsts of 72 per-
cent anthraxylon, 17 percent translucent atiritus, 6 percent opaque
attritus, and 5 percent fusain. Coal of this composition 1s of the
"oright" petrographic type, wherein anthraxylon and translucent
attritus predominate, with opaque attritus and fusaln being present
in minor amounts.

Organic and Inorganic Sulfur Content. (See Exhibit No. 4
for references B below. ] Informatlon on representative organis and
inorganic sulfur contents of coal reserves in the Sebastian-Scoutiv
General Area is not avallable. Data on preparatlon charactericiins
of these coals suggest that there is a high proportion of organic
sulfur, which is not considered amenable to reduction by mechanlcal
cleaning.

Since representative total sulfur contents of coal re-
serves In Arkansas range only between 0.7 and 1.0 percent on the
as-received basis, 1t is estimated that complete removal of pyritic
(inorganic) sulfur from the raw coal, if possible, might result in
decreasing the sulfur conlents in the cleaned coal to minimums of
from 0.5 to 0.7 percent. The actual extent of reduction, however,
depends upon the amounts, sizes, and types of occurrences of the
pyritic or inorganic sulfur-bearing ingredients in the raw coal.
Further study of these coals ls neceszary, accordingly, to evaluate
the reduction in total sulfur which might result from mechanical
cleaning.

Storage, Weathering, and 3lacking Characteristlics. (See
Exhibit No. 4 for reference C below.} The low-volatile biltuminous
rank coal reserves in the Sebastian-Scott General Area are simllar
to other coals of equal rank in weathering and slacking character-
Istics. These coals usually do not slack readily or ignite spon-
faneously when exposed to air. These characteristics reduce the
problems of coal storage so that no difficulty 1s usually en-
countered when coal 1s properly stored. Surge storage at the mine
would be necessary to provide dally shipments to the synthetic
fuels plant because of the probable fact that the mines will operate
only two shifts per day for five days each week while the synthetic
fuels plant will operate continuously three shifts per day throughout
the year. It is probable that substantial additional storage facili-
ties Wwill be necesgary at the process plant to protect it from Iinter-
ruptions or decreases in production at the coal mines and from pos-
sible transportatlon stoppage between mine and plant. As only

(Reference A: 11)
}References B: 26, 30)
Refcerence  Cx 165
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commerclally cleaned coal will be stored in volume, no especilal
hazards are expected, and the coal may be stored In necessary
quantitles for indefinlite periods. Costs of surge storage at the
mline, together with those of handlling the coal Into and out of
storage, are provided for in the estimates of mine caplital invest-
ment and mine production costs. Estlmates of required working
capital for the process plant allow for reserve storage of a 30-day
coal supply. Facillitlies for such storage and thelr operation are
included in process plant costs.

Grindabllity and Frilabillity. (See Exhibit No. 4 for
references A below.) Information on grindability of the coal in the
Sebastlan-Scott General Area 1is limited, but suggests that they are
similar in grindabllity to comparable industrial coals and wlll re-
spond wlthout undue difficulty to fine grinding. The degree of ease
with which a coal may be pulverized depends not only on 1lts relative
grindabllity index, but also upon the fineness of grinding desired,
and on its molsture content. The standard of grindability (Hardgrove
index 100) is arbitrarily selected, according to American Soclety
for Testing Materials, as represented by low-volatile, run-of-mine
bituminous coal from the Jerome Mine Upper Kittanning Bed, Somerset
County, Pennsylvania. Coals of low-surface molsture content, such
as those 1n Arkansas, accelerate pulverization by thelr lack of
tendency toward coherence and formation in cakes.

In addition to grindabllity, the comparative ease of crush-
ing varies directly with the friability of the individual coals. In-
formation on the friabllity of Arkansas coals indicates that they are
comparable to other low-volatile bituminous coals in thls characteris-
tle, with relatively large amounts of degradation resulting from
handling.

Nature of Partings. (See Exhibit No. 4 for references B
below.) The avallable informatlon indicates that the Hartshorne bed
of Arkansas frequently contains one or more bedded Impurities, or
partings, as well as lamlnatlons of bone or bony coal. There are
also large areas, however, in which the bed 1s clean and without
partings, such areas having been extensively mined along the outcrop,
and for distances of from one-half to over one mile, down the dip of
the bed. Irregular areas in which a middle parting is present occur
at scattered locations throughout the General Area. In such loca-
tions the middle parting commonly does not exceed 6 inches in thick-
ness, although thicknesses up to 2 ft 3 in. have been encountered 1n
mining operations.

Mechanlical Cleaning. 1In considering washabllity char-
acteristlics, the character, number, and thickness of contained part-
ings serve as a partlal gulde to the relative ease or difficulty with
which a specific coal may be mechanlcally cleaned. These factors

References A: 16, 20)
References B: 8, 9, 12)
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were taken into consideration in estimating mine investment and
operating costs. Whlle the presence of partings in Arkansas coals
is generally not such as to interfere seriously with mining oper-
ations, they do affect the type and capacity of the necessary
mechanical cleaning facillitles and the amount of refuse which must
be handled during the cleaning process.

Data on washablllty characteristics and performance of
Arkansas coals are relatively limited, but indicate that these
coals are generally amenable to lmprovement in quality by commer-
clal-type mechanical cleaning. With installation of relatively
simple faclillitles for removal of solild impurities and other high-
ash refuse, it 1s estimated that the average cleaned coal products
in the General Area would contain approximate ash and sulfur con-
tents as follows:

Approximate Ash and Sulfur Contents after Cleaning
(As~received basis)

Ash Sulfur
Coal Bed (Percent) {Percent)}
Hartshorne:
Maxlmum 7.5% 0.8%
Minimum 4.5 0.6

Complete 1nformation on the specific quality of the cleaned coal
resulting from mechanical preparatlion, however, requlres further
washabllity investigations of typical samples of the availlable
coal reserves,

The foregolng discussion of washabillty of Arkansas coals
applies only to the preparation of raw cocal from the avallable re-
serves to a merchantable quallity, as would be done in ordinary com-
merclal practice. The possibilitlies of further reduction of ash
and sulfur, regulre additional study beyond the scope of thilis phase
of the synthetic liquid fuels survey and are not herein considered.

Modern mechanlcal mining, because of 1ts lack of selec-
tivity at the worklng face, requires mechanlcal cleaning facllities
to obtain economic production costs. Mechanlical cleaning also in-
sures the removal of solid impurltles which might otherwlise severe-
ly damage pulverizers or equipment. Provislon is made 1n the sub-
sequent estimates of capital and producing costs, for a mechanical
cleanlng plant designed simply to remove solid and high-ash impur-
itles from the mine-run coal. There is no 1ndicatlon that such
cleanling would present any unusual problems or requlre abnormal ex-
penditures In the Sebastian-Scott General Area.
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Mine Waste Disposal. The refuse from the coal preparation
plant at the mlne is estimated to consist largely of shale partings
and contaminating material from roof or floor, together with some
bone and fusain from the coal bed. According to the Bureau of Mines
report on bltuminous coal for 1948, the ratio of refuse to raw coal
which was cleaned was 14.2 percent in Arkansas in that year. On the
basls of 14.2 percent of refuse from the total raw coal moved to a
cleaning plant, the estimated percentage of refuse to clean, mar-
ketable coal would be 16.6 percent. At 16.6 percent of daily pro-
duction of marketable coal, the refuse would total approximately
1,165 tons per working day, or 279,600 tons per year, equivalent to
186,400 cubic yards, based on supplylng marketable coal to a syn-
thine plant.

The disposal of this type and quantity of refuse presents
no particular problems. It could be transported by tramway or by
trucks from the preparation plant to nearby mine property, or to
gselected areas of rugged land or other land unfit for farm use, of
which there are many acres 1in the General Area. With proper pre-
cautions, the possibilities of contamination of water supply should
be negligible. The estimated capital and operating costs herelnafter
established 1n this report, provide for waste disposal from the coal
preparatlon plant, assuming that the waste-dlisposal tract is wlthin
3 mlles of the coal preparation plant.

Hydrogenation Yield. (See Exhibit No. 4 for references A
below.) The degree of llquefaction of coals by hydrogenation 1is,
roughly, inversely proportional to thelr molsture- and-ash-free
carbon content, as determined by ultimate analysis. Coals with
high-carbon content are generally low in liguefactlion yield. Normal
carbon contents (maf) range from approximately 55 percent in peat to
95 percent in anthracite. The coal in the Sebastlan-Scott General
Area of Arkansas approximates 90.4 percent in carbon content (maf).
Under the specifications set forth in this survey, coals containing
more than 69 percent fixed carbon (maf) are not considered as sult-
able for hydrogenation. 3Since the sultable coal reserves 1in Arkansas
exceed 69 percent in fixed carbon content (maf), their use for hydro-
genation 1s thereby elimlnated.

Land Ownershilp, Coal Rights, and Surface Valuation
(See Exhibit No. 4 for Teference B below.)

Private Ownership and Purchase Costs. Essentialliy all
coal-bearing lands in Arkansas are prilvately owned. Purchase costs
of underground coal, without surface rights, may amount to 10 cents
or more per ton and, ln areas of unusually favorable mining condl-
tions or locations, may range up to 25 cents per ton. Surface land
values, without coal rights, range from $20.00 to $150.00 or more
per acre, depending on the agricultural value and geographic loca-
tion of the specific property.

(References A: 11, 13, 14, 17, 18, 26)
(Reference B: 5)
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Legislation Affecting Productlion of Coal
(See Exhibit No. 4 for reference A below.) .

Taxes. Real estate and property taxes are about 1.0 per-
cent of true value., There 1s a severance tax of 1.0 cent per ton
on all coal mined within the State. Other taxes, such as corporate .
organization and qualiflcation fee, corporation franchise tax, and
sales tax, are nominal and would not apply separately to coal mining
if conducted as an assoclated operation with all production going
to a synthetlie liquid fuels plant.

Restitution of Surface Damaged by Mining. There 1s no
speclfic leglslatlon In Arkansas which requires restoration of
surface damaged by strip mining, or payment of damages resulting
from subsldence caused by underground minlng, but other exlsting
laws would make the operator liable for damages to property of
others 1f it could be proved that such damages were the result of
underground mining. Estimated amounts for these contingent liabil-
ities are included in the followlng estimated production costs.

Production Costs
(See Exhibit No. 4 for references B below.) .

The data on coal bed occurrences In the Sebastian-Scott
General Area are in no wise sufficlent in scope or in detall to
permit the preparation of actual mining layouts and of speciflec a
estimates of mining costs based thereon. Extensive drilling pro-
grams wlll be necessary before precise location and extent of re-
serves avallable for mining operations can be determined. Com-
prehensive englneering studies, based on the results of the drill-
ing programs, wlll then be necessary to determine the equipment
and methods of mining best adapted to the efficient and economic
production of fuel for synthetic lliquid fuels plant supply. The
estimates of coal production costs herelnafter given are necessarily
generallzed in nature and are based on the assumptlon that thorough
drilling and englneering wlll precede any development of mining
operations in connectlon with coal supply for synthetic liquid fuels
manufacture, thereby permltting more precise estimates of costs.

In estimating over-all mining costs for the General Area,
as of March 31, 1950, the total estimated investment costs are con-
sidered to include erectlon of all necessary mine structures, to- .
gether with purchase and installation of all necessary operating
equlpment. They also lnclude investment costs of facilitles for
trangsporting the output from the necessary number of adjacent min- #E
ing operations to a Jjoint preparation plant, a mechanlical cleaning -
plant designed largely to remove solid and high-ash lmpuritlies from 70C
the raw fuel, waste dlsposal from the preparation plant, sufficient
coal surge storage at the mine to provide uniform daily shipments
to the synthetlic liquid fuels plant, engineering, development, and

(Reference A: 5)
(References B: 19, 21, 23, 25, 27)
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contingencies. Whille the estimated investment costs do not lnclude
purchase price of surface or coal lands, a royalty charge of $0.10
per ton of cleaned coal for underground mining, as included in
producing costs, 1s consldered to represent the cost of acquisltlon
of coal reserves.

In estimating producing costs, separate consideration was
given to each of the following principal items of cost, thelr total
being taken as the tofal producing cost per ton of cleaned coal:

(1) A1l labor. This item includes all labor costs paild
n the form of wages for mining (pleceworkers and
dayworkers) and for yardage and dead work and in
the form of salaries pald to supervisory, technilcal,
and clerical employes at the mines. Welghted aver-
age wage rates were calculated from the schedules
of wages established by the Natlonal Bitumlnous
Coal Wage Agreement of 1950 for the various mining
digstricts, with suitable adjustment for the con-
centration of high-wage workers in a fully mechan-
ized underground operation. The labor cost per ton
was calculated by dividing the estimated welghted
average dally wage rate by the estimated productliv-
ity 1n tons of cleaned coal per man-shift.

(2) Vacation payments. Thils ltem represents the vaca-
tion allowance of $100 per year to each employe,
where applicable, and is computed by dividing $100
by the estimated annual production per man (240
days times productivity per man-shift). In actual
practlice, this may be increased slightly due to 1in-
Jured men or others carried on the payroll but not
actually engaged 1n production.

(3) Welfare fund. This item represents a flat payment of
$0.30 per ton which is paid into the U.M.W.A. wel-
fare fund for each ton of coal produced for use or
for sale 1n accordance with the National Bilituminous
Coal Wage Agreement of 1850.

(4) A1l supplies. This item includes the costs of all
materials and suppllies used in mining and 1n oper-
ating the mine equipment and facllitles, including
the maintenance and repair of mine structures and
equipment. Addlitional included costs conslst of
freight, drayage, expressage, and storage of sup-
plies, mine office supplles, fuels other than coal,
and rentals of equipment. The costs of such sup-~
plies per ton are estimated at $0.81 for underground
operations.
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(5) Power. This item includes the cost of all power
requirements at the mining operations, whether
purchased from ocutside sources or produced by a
mine-operated central power station. It also in-
cludes the cost of any coal required to produce
heat at the mine. While small variations in cost
of power may be expected in this survey, an assumed
cost of $0.15 per ton is herein employed for esti-
mating purposes.

(6) Payroll taxes. This item includes the costs of social
security (old-age benefits), unemployment taxes,
and any other Federal or State taxes levied upon
the amount of the payroll. These taxes average ap-
proximately 4 percent of the labor cost.

(7) Other taxes, insurance, mlscellaneous. This item in-
cludes The foliowing types of costs:

a. Real estate, personal property, and other
taxes on mine property, and equlpment,
including reserves. These ftaxes may range
from 1 to 6 percent of the falr cash value
of the property as established by the local
assessors, depending on locality.

b. Corporate, privilege, and severance taxes
which average approximately $0.02 per ton.

¢. Workmen's compensation and vocational dlisease
insurance, including the sums pald to an
insurance company or to a State fund for pro-
tection of the employes, which aggregate ap-
proxlmately 5 percent of the payroll.

4. Other insurance such as fire, tornado, and
other classes of insurance applicable to the
mine property which is estimated to average
approximately $0.01 per ton.

e. Costs arlising from unforeseeable and unpre-
dictable conditions of all kinds which are
herein:estimated at a flat rate of $0.10 per
ton. '

(8) Depreciation. This item represents the cost of pro-
v ng for replacement of the mining facilities and
equipment at the end of theilr useful 1life. In de-
termining producing costs the weighted average useful
life of all items of mine property and equipment, ex-
clusive of coal reserves, is estimated to be 15 years.
The rate of depreciatlion, accordingly, 1s taken at
6.67 percent of the initlal investment.
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(9) Royalty or depletion. As discussed in a preceding
paragraph, the estimated investment costs do not
Include the purchase costs of surface and coal
properties. A royalty charge of $0.10 per ton of
cleaned coal for underground mining is herein con-
gldered to represent the cost of acquisition of
coal reserves.

(10) Engineering, management, administration. This item
Includes the costs represented by salaries and
expenses of administrative, management, and engl-
neering personnel, together with salaries of as-
soclated assistants, bookkeepers, clerks, and
stenographers. It algso includes legal expenses
and office expenses, or rent, including depreciation
on office equipment. The cost of thls item 1s here-
in estimated at $0.10 per ton.

Although estimated total recoverable reserves 1ln the
General Area are sufflclent to supply synthetlc liquld fuel plants
having a combined capacity of 37,000 barrels a day for 40 years,
using the synthine process, the followlng estimates on coal pro-
duction costs are based on the capaclty of mine operatlons neces-
sary to supply one 10,000-barrel-per-day unit synthetlic liquid fuels
plant. With an average Btu content of 13,650 (as-recelved) and at
an input of 126 billion Btu per calendar day, annual synthetlc
liquid fuel plant requlrements would be 1,684,000 tons. Thls amount
represents a daily requirement of 4,615 tons for the plant (365
working days) and of 7,019 tons for the mine (240 working days).

Underground Mining Cost. Because of lInherent limitations
on transporting coal to the surface, and to minimize the possible
effects of such hazards as mlne fires, roof falls, floods, etc.,
it 1s assumed that the annual requirements would not be obtalned
through a single opening. From two to three underground mining oper-
ations would probably be opened, at approprlate intervals, for con-
current operation. Although obtained from separate underground
openings, it is assumed that the raw coal would be handled through
Joint surface faclilities, including a central preparation plant, to
the ftransportatlion system by which the coal would be dellivered to
the synthetic liquid fuels plant. Surge storage facllitles at the
mine would be provided to assure contlinuous supply for year-round,
three-shift-per-day operation of the synthetlc 1llquid fuels plant
from mlnes operating on a flve-day-per-week, two-shift-per-day
basis.

Approximate initial capital investment required for under-
ground production of synthetic liquid fuels plant coal supply in the
uantitles previously cited 1s estimated as of March 31, 1950, at
9,262,000 to supply a synthine plant in the Sebastian-Scott General
Area. Pactors affecting mine investment costs are depth and char-
acter of the bed and its associated strata, together with quantlty
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and quallty of the coal. The quantity to be mined is governed by
the Btu content, and by the specific synthetic liquld fuels process
in which the coal is to be used. The quality affects the type and
capaclty of preparation facilities necessary to produce a merchant-
able coal,

The total estimated Investment costs include purchase
and installation of all necessary underground equipment, including
investment costs of facilities for transporting the output from the
separate mine openings to a central preparation plant, a mechanical
cleaning plant designed largely to remove solid and high-ash 1lm-
puritles from the raw feed, waste dlsposal from the preparation
plant, sufficient coal surge storage to provide uniform daily ship-
ments to the synthetic liquid fuels plant, engineering, develop-
ment, and contingencles. The estimated investment costs do not 1n-
clude purchase price of surface or coal lands, since a royalty
charge of 10 cents per ton of cleaned coal 1s included in productlon
costs which 1s conslidered to represent thls cost factor.

Actual produclng costs for mechanlcal underground mining
in Arkansas have been relatively higher than average costs for the
United States, having been $2.64 per ton for the Unlted States and
$5.18 per ton for the district including Arkansas in 1945, accord-
ing to Economle Data, Office of Price Administration, for that
year.

Estimated over-all labor productivity in new cperations,
measured by the average tons produced per shift by each man em-
Ployed in the underground operation and 1ln necessary surface fa-
cllitles, cannot be based upon experience at present underground
operatlons because of their relatively low degree of mechanizatlon.

The Bureau of Mines statistlcs on bitumlnous coal produc-
tion in 1948 indicated that Arkansas underground mines had an aver-
age productivity of 2.89 tons per man-shift, with that of the
Sebastlan-Scott County area belng 3.27 tons. Assumlng that the
installation of modern high-capaclty operations, including the pur-
chase and use of all necessary mechanlcal equlpment would result
in an estimated productivity of 5 tons for average mining condi-
tions, the estimated March 31, 1950 cost of productlon by under-
ground operations 1s $5.28 per ton, equivalent to a cost of 19.34
cents per million Btu. Detalls of this estimated cost are shown
in Exhlibit No. 19. They are based on retirement of the property
in 15 years and exclude selling expenses.

The above estimated cost reflects the concept of most ef-
ficient application of present-day underground mining methods and
equlpment. Opportunities for possible future improvements of min-
ing methods or equipment in areas similar to Arkansas probably best
awalt potential development of: (1) high-capacity loading equip-
ment especially designed for longwall mining as practiced in the
United Kingdom, and %2) continuous mining machlnes which combilne
cutting, drilling, blasting, and loading operatlions, now under
scrutlny and development at a number of points 1In the Unlted States.
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Both of these types of equipment are belng actively tested, and, 1f
perfected, could result in changes in mining methods which would
reduce the estimated producing costs ln Arkansas. It is not pos-
sible at this time, however, to predict the successful application
of such equlpment to Arkansas coal reserves nor to estimate possible
future savings in production costs which might acerue through theilr
use.

In considering possible revolutlonary techniques 1n utiliz-
Ing areas of coal reserves, the underground gasification of coal in
place offers conslderable potential promise, since 1t would elim-
inate the relatlively costly processes of mining the coal and gas-
1fying the mined output in gas generators to produce synthesls gas.
Thls method of utilization would also provide a low-cost fuel for
power generatlon and would permit utilization of coal from beds
which would otherwlse be costly or uneconomic of operation. The
results of experiments in underground gasifications now in progress
by the Bureau of Mines and the Alabama Power Company indicate that
the process has dlstinct possibilities and 1s worthy of continued
experimentatlion. It 1s not possible at thils time, however, to pre-
dict the successful application of this method of utilization to
the coal reserves 1n the General Area in Arkansas.

Coal Transportation. Provision has been made, 1n estl-
mating capital and operating costs, for transportation of coal from
the several mine openings to a jolnt distribution point for handling
onto the transportation system by which the cocal 1s delivered to the
synthetic liquid fuels plant. As elsewhere indlcated, it has been
assumed for purposes of this survey that the site of the synthetilc
liquid fuels plant would be located within a 3-mile radius of the
mining operatlon. Under this assumptlion, no additional facilities
or costs for transportation, other than that provided for in the
estimates of costs already established, are contemplated.

Coal Supply from Present Operatlons. Bureau of Mines data
on bituminous coal production in 1948 indlicate that a synthetic
l1iquid fuels plant in the General Area in Arkansas could not have
been supplied with sufficient coal in that year to have produced
synthetic liquld fuel products at the rate of 10,000 barrels per
day. For a unit 10,000-barrel-per-day plant, a total of approxi-
mately 1,684,000 tons of coal would have been required, this amount
exceeding the total State production 1n that year by approximately
22,000 tons.

The 1948 total production of about 1,662,000 tons was
produced in 180 worklng days, an average of 9,230 tons per day.
At such a dally rate, the additional coal which could have been pro-
duced during a 240-day work-year would have amounted to 553,800
tons, sufficient for approximately 3,300 barrels of synthetic liquid
fuel products per day. '

Accurate information on current costs of production at
present operations in Arkansas i1s not avallable. Consideration of
all known factors of increased wage rates, costs of supplies, con-
tributions to welfare funds, etec., since the last year of available
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cost data {1945) indicates that coal is now being mined in Arkansas
at costs ranging from approximately $0.50 to $1.50 per ton in ex-
cess of the estimated average costs ($5.28 per ton) of mine oper-
ations as hereiln presented. Mine-run coal could probably be pur-
chased from current operations at such costs plus freight, plus 30
to 50 cents per ton for profit and income taxes. Selected slzes
would probably run slightly higher in price, while 1t 1s posslble
that lower-prlced slzes such as screenings could be purchased from
current operations for production of synthetic liquld fuels, on a
contract basis, at fob. mine prices comparable to or slightly less
than the costs estimated herein. In general, such sizes would con~
tain higher ash and sulfur contents than the cleaned mine-run prod-
ucts estimated as obtalnable from reservesg of the General Area.

An additional cost of purchasing coal from present oper-
atlons would be the transportation charges, or freight rates, from
exlisting mines to the synthetic liquid fuels plant. Unless located
in the heart of a group of substantial commerclal operatlons, such
additional costs for delivered coal would probably range from $0.60
to $1.50 per ton, depending on the selection of location of a syn-
thetic liquid fuel plant.

Total Costs. Detalls of the estimates of caplital and
operating costs and of the coal data upon which they are based
are provided on Exhibits Nos. 19 and 20.

The estimated initlal capital cost, based on complete
facilities for underground mlning, conveying of raw coal to sur-
face, transportation to central preparation plant, mechanical
cleaning, including refuse disposal, and loading for shipment or
into surge storage at the mine with subsequent re-loading, 1s
$9,262,000.

The estimated coal producing cost, including deprecia-
tion and administration, but excluding return on investment, 1s
$5.28 per ton of merchantable coal produced. With an average Btu
value of 13,650 (as-recelved), the unit cost of coal supply per
barrel of synthetic liquid fuel final products 1n the Sebastlan-
Scott General Area of Arkansas, employing the coal synthine process
only, 1s accordingly estimated to be §$2.44.

The estimates of costs presented in this survey are based
on available Information and on generallzed, present-day methods of
mining and preparation. The installation of mining operatlons to
provide coal supply for a speciflic synthetic liquid fuels plant
should be preceded by detailed englneering studies, including drill-
ing programs, before final methods of operation and firm estimates
of costs can be egtablished.
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WATER SUPPLY PLAN AND ESTIMATES OF COST FOR THE GENERAL AREA

Description of Water Supply Project
for General Area

Cost estimates have been preparsd for a representative
water supply system in the' General Area. The estimates are hased
upon the works necessary to furnish water for a single 10,000-bar-
rel-per-day synthetic liquyld fuels plant. For purposes of this
report, and for making cost estlmates, a plant site or terminal
point for the water works system has been selected arbitrarlly as
shown on Exhibit No. 10. Although this polint was selected near the
expected source of coal, the locatlon is not to be considered in
any way to represent a recommended plant site.

The construction cost estimates are based on unit prices
as of March 1950. In estimating capital costs, Z0 percent has been
added to the construction costs for englneering and contingencies.
Reservolr and pipe line cost estimates include allowances for the
purchase of land and rights-of-way, the relocation of existing
roads, utlilities and structures, and the purchase of such water
rights as might be necessary.

The water works system described in the following paragraphs
would be large enough to furnish process and cooling water for the
synthetic liquid fuels plant, and also the domestlc water supply

- for the population serving the plant. However, the cost of the
domestic water supply has been separated from the process supply
and the synthetic lliquid fuels plants are charged only with the
cost of water used for process or cooling. It is assumed that the
cost of the domestic water supply system would be pald for out of
the water charges to the consumer.

Facllities Required. The water supply system used for
cost estimates In the General Area in western Arkansas would lnclude
the following principal elements:

Impounding Reservolr. The reservoir would be bullt
on Vache Grasse Creek, approximately S miles from the assumed plant
8ite as shown in Exhibit No. 10. The reservolr would be located
ad jacent to Camp Chaffee withln the maneuver area.

» The drainage area at the dam site 1s 90 square mlles.
This reservoir would have an area of 2,100 acres and a total capa-
city of 15,300 AF, of which 7,200 AF has been allowed for evapora-
tlon and siltation. The reservoir would have a maximum depth to

* flow line of approxlmately 21 feet. The dam would be an earthfill
%ﬁ? structure with a concrete spillway section.
004 Pumping Station. A pumping station would be needed
KK at the reservoir for delivering the water to the plant site. The

stream gradlent 1s relatively flat, and there is no opportunity
15
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for obtaining a gravity supply in this area, For a 10,000-barrel-

per-day synthetic liquid fuels plant requiring 13 mgd, or 20 cfs,

the pumping station would probably consist of three electrically .
driven pumps of approximately 8-mgd capacity each, with auxiliary

gas or gasoline engines on two of the units. The total pumping

head has been estimated at 257 feet. This includes: the dlfference

in elevation between the intake at elevation 486 and the plant site .
at elevation 630 feet; a friction loss in the pipe line of 63 feet;

and an allowance of 50 feet for hydraullc losses 1n the treatment

plant and for the distribution of water at the synthetic liquld

fuels plant.

Agueduct., A 30-inch diameter pressure pipe line
extending from The reservoir to the assumed plant site is used for
cost estimates, The plpe line would have to go around a hill be-
tween the reservolir and plant slite in order to avoid excess pump-
Ing head, and would be approximately 6 miles long.

Electric Power Transmission Line and Substation.
It is assumed that power for operating the water supply works
would be generated at the synthetic liquid fuels plant and would
be transmitted to the pumping station by means of a transmission
line extending along the pipe line right-of-way. The cost of power
estimated in this manner is substantially the same as the cost of .
power available commercially from utillty companies in the area,

Storage Basin at Assumed Plant Site. A 13-million-
gallon storage baslin, equal To one cGay's supply, 1s included in .
the estimates. This basin would provide a reserve source of
storage 1n the event of pumping station or pipe llne fallure, and
would also serve as a settling basin for the removal of turbldity.
Settled water from the basin would be of quality suitable for
rplant cooling purpcoses and for coal preparation,

Filter Plant. The water would have to be filtered
for domestic water supply, for drinking water in the plant and
mines, and for boller make-up and other minor process uses., It 1s
estimated that 3.5 mgd, or 27 percent of the total water requlre-
ments would need to be filtered. Of this, 1.94 mgd would be needed
for domestic use and 1.56 mgd for process use, A filter plant of
S-mgd capaclty is Included in the estimates 1iun order to take care
of peak demands, particularly durlng the summer months when domes-
tic requirements would be high. The cost of filtered water stor-
age is included in the filter plant estimates, The cost of soften- .
ing boller feed waters is considered a process expense and is not
included in the water-supply cost figures.

Ar}
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the water supply development for the General Area with a state-

ment of the estimated conmstruction cost and annual cost allocated
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between domestic and process water supply. A unlt water cost per
barrel of products 1is shown which lncludes only that water properly
chargeable to process and mining. The cost trend for the complete
develepment of all the fuel resources in the area 1s also shown.

Capltal Costs. In apportioning the constructlon costs
between process water and domestlc water, the total cost of the
supply works-is allocated in the ratio of estimated consumption,
that 1s, approximately 85.2 percent and 14.8 percent, respectively.
In allocating the cost of .the fllter plant, theprocess water supply
carries 44.6 percent and the domestic water supply 55.4 percent.
The capltal costs of the surface water supply system for process
and domestlc use for a single 10,000-barrel-per-day unit plant in
the General:.Area as previously described, 1s estimated as follows:

Total Estimated Construction Cost for Water Supply
As of March 31, 1950

Item Process Domestic Total
Storage Reservoir $2,735,000 $475,000 $3,210,000
Pumping Station, Transmission 835,000 145,000 980,000
Storage Basin at SLF Plant 176,000 30,000 200,000
Filter Plant 201,000 249,000 450,000

Total $3,941,000 $899,000 $4,840,000

Annual Costs. The annual operating costs and fixed
charges for the water supply system in the General Area are estl-
mated to include the following:

Power. Electric power for pumping 1s to come from
the assumed synfhetic 1lquid fuels plant site at 5 mills per
kilowatthour, including an allowance for transmlssion and trans-
former losses. Power requlrements are based upon a wire-to-water
efficlency of 75 percent.

Labor and Superintendence. This has been estimated
at $20,000 per year.

Mliscellaneous Supplles and Repalrs. Thlis has been
estimated at $5,000 per year.

Flltration. The cost of this operation has been
estimated at the over-all rate of $15 per million gallons includ-
ing all operating costs such as labor, chemicals, repairs, and
materials. A total of 1,280 mg per annum of filltered water would
be produced.




88

Fixed Charges. Property taxes and insurance have
been estimated at 1 percent of the total depreciable capital cost. .
Depreciation 1s estimated on a straight-line basis with a 40-year
life assumed for permanent structures and pipe lines, and a 20-
year life for equipment ltems and machinery. A return on the in-
vestment, or interest, is not included in the cost. However, the .
additional unit water cost for each 1 percent applied to the total
capital cost 1s noted separately.

In allocating operating costs between process water
and domestlc water, the first three items, which apply to the sup-
ply works, are charged in the ratio of 85.2 percent to process and
14.8 percent to domestic water. Process water supply carries 44.6
percent of filtration costs and the domestic water supply 55.4
percent. The fixed charges are allocated in the same ratio as the
capltal costs of the several iltems. The annual costs for water for
the General Area and the unit costs per barrel of products are
summarized 1n the followlng table exclusive of return on invest-
ment :

Estimated Annual and Unit Costs for Water
as of March 31, 1950

Item Process Domestic Total

Power $ 21,130 $ 3,870 $ 24,800 .
Labor and Superintendence 17,040 2,960 20,000
Miscellaneous Supplles and Repairs 4,260 740 5,000
Filtration 8,560 10,640 19,200
Taxes and Insurance 39,410 8,990 48,400
Depreciation 103,400 26,000 129,400
Annual Costs $193,800 $ 53,000 $246,800
Process Water per Million Gallons (exclusive of

return on investment) $47.62
Process Water per Barrel of Products (exclusive of

return on investment) $ 0,053

Additional Cost per Barrel of Products for Each

1 Percent Interest on Capital Investment of
$3,941,000 $ 0.011

The feasibillty of the prolJect outlined above has
been checked, but no detalled surveys or subsurface investigatlons
have been made. Other sites for reservolr development are avall- .
able in western Arkansas and one site on Petit Jean Creek 1s shown Al
as No. 2 on Exhibit No. 10. Whille the cost of more distant reser- !
voir projects might be somewhat greater than that indicated above,
the difference would not be substantial and the over-all cost of 70
water would be approximately the same as indicated above for the
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project on Vache Grasse Creek. If arrangements could be made to
use water from Wister Reservolr, a less costly project would be
possible.

Synthetic liquid fuels plants, large enough to
utilize all of the coal resources ln the General Area would requlre
a total of 75 cfs of water. If the area on Vache Grasse Creek
above Reservolr No. 1 was fully developed, only 54 cfs could be
obtalned. The requirements of the General Area could be provided
by installation of a pumping station on the Arkansas River from
which water would be taken only during perlods when the flow was
above 10,000 cfs, at which time the mineralization of the water
would not be serious. During perilods when the flow was below this,
water would have to be taken from a storage reservoir on Vache
Grasse Creek. The total capaclity of a reservolr large enough to
carry over perlods when water could not he pumped from the Arkansas
River would be 60,000 AF. The unit capital cost of this larger
development would be about 60 percent of the cost indicated for a
single 10,000-barrel-per-day plant. The annual power cost would
be sllghtly greater, because of the additional pumping from the
Arkansas River. '
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POWER

For a 10,000-barrel-per-day plant usling the coal synthine
process, 1t 1is estimated that the power requirements will amount to
114,500 kw, plus 3,500 kw for the mine., However, as waste heat
recovery arrangements will have sufficient output to supply the
steam needed to generate this amount of electricity, outside power
would be required only for construction purposes, for starting up
the process plant, and as emergency stand-by.

The Sebastian-Scott General Area 1s served by the South-
western Gas and Electric Company. This company 1is a unlt in the
integrated system of the Central and Southwest Corporation which
extends from Arkansas through Oklahoma and Texas. As of the end of
1949, the system had a capability of 613,000 kw. It operates
several steam plants with equipment designed for and using ceoals of
high ash content. Southwestern Gas and Electric Company could
supply power to a synthetlic liquid fuels plant in the (General Area
at an average cost of about 6 mllls per kilowatthour.

There 1s an exlisting low-cost hydroelectric system withlin
50 miles of the General Area, that of the Southwestern Power Admin-
istration and its allied system of the Grand River Dam Authority,
including the Pensacola Dam in Oklahoma, the Dennison Dam in Texas,
and the Norfork Dam in Arkansas. These three combined units have
a present installed capaclity of 142,000 kw.
‘ Sufficient power for plant construction would be avail-
able from the local utility in the Sebastian-Scott General Area.
The requirements for a coal synthine process plant indicate the
need of power for starting and for stand-by purposes in the event
of temporary fallure of plant generating facilitles. Integration
of plant generating facllitieg with the existing power networks
merlits conslderation.
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ACCESS TRANSPORTATION

The construction and operation of a synthetic liquid fuels
plant and its auxillary coal mine facilities would, in general re-
qulre a direct water or rail and a highway connectlon. Such ser-
vices would be used during the construction period to move in the
large volume of construction mafterials and plant equipment, and later
to transport plant and community supplles and some plant products.
The latter may also be handled by pipe line as described in the
section of this report pertaining to "Marketing".

Rallroad facilities are well distributed in the State of
Arkansas, except in the northern section or foothills of the Ozarks.
They generally, however, follow a traffic pattern influenced by the
locations of Kansas City, St. Louls, and Memphis, providing trans-
portation from these points to the cilties of Louisiana and to those
of Texas; the latter origilnally related to the provision of south-
western transcontinental routes.

Railroad access is very necessary but it 1s also important
that highway access be assured for truck movement in and out of the
plant and transportation of personnel to and from the Area. High-
ways in Arkansas are fairly well distributed but they follow much
the same pattern influence as that of the railroads. Water trans-
portation is not avallable to the Sebastian-Scott General Area.

The estimated cost of access facilities for the one Gen-
eral Area in Arkansas 1s given in the following table. Under the
heading "Description" the first item descrlbes the required railroad
facilities and the second ltem the required access highway facilities
from the public paved highway system.

In order to prepare cost estimates, a representative plant
site, consistent wlth topographlc and geographic features of each
General Area, has been arbitrarily selected. The selectlion of such
a point, iIn the final analysis, 1s arbitrary and is in no way in-
tended to represent a recommended plant locatlon.

The amounts shown for rallroad facilitles under construc-
tion and operating costs are based on the assumption that the plants
wlll bear full construction and mailntenance costs of the required
facilitles. Operating costs are to provide for maintenance at an
annual rate of 5 percent of the capital costs for such facilities.

In the case of access highway facilities, costs represent
one-half the constructlon costs with no direct maintenance charges.
It has been assumed that local governments would bear one-half the
construction costs and maintain the highways upon their completilon.
Under operating costs, the amounts charged against highway facili-
ties are to provide for 40-year depreclation at an annual rate of
2.5 percent of the capital costs shown. Highway costs are based on
a 20-foot highway of rough aggregate, bltuminous-bound surface, 3
inches thick on a 15-inch base course.
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Estimated Cost of Access Facilities
for the Sebastian-Scott General Area

(As of March 31, 1950)

Annual Daily
Capital Operating Operating
Description Cost Cost Cost
Approximately 0.5 mile
from Midland Valley
Rallroad between Excelslor !
and Hackett; easy grading $ 60,000 $ 3,000 $ 8.22
Resurfaced, widened and im-
proved, approximately 4.5
miles of Highway 10; loose
surface-graded, dry weather
road from its Junction with
Highway U.S. 71 near
Greenwood 62,500 1,563 4.28
Total §122!500 $ 4,563 § 12.50

Ark
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LABOR

General

Determination of the labor force avallable to a pro-
posed new synthetic liquid fuels unlt plant Involves a detalled
study of the number of workers exlsting in and around the pro-
posed locatlon together with thelr characteristics, the nature of
thelr present employment, the extent of unemployment, and the
extent to which the proposed new plant would divert exlsting
employment from present industry to ltself. Personnel requilre-
ments of the proposed plant would then be compared with results
of the detalled study to determine the size of the area con-
taining sufficient available labor to satisfy the needs of the
plant. Determination of the level of wages to be paid in a unit
plant involves consideration of the wage level in such an area
prevalling among existing ilndustries comparable to synthetic
l1iquid fuels as regards the skllls and experience required of
workers.

In this report, such studies by particular locatlons
were not made. Instead, data on the number and composition of
the labor force iIn the State and in the coal counties, data on
unemployment both in the State and cocal counties, and data on
average wages prevalling in selected 1lndustries in the State were
developed.  Concluslons were drawn from such data as to the avail-
abllity of labor and as to the prevailing level of wages in an
average location in the coal countles, which were applied to the
General Area within the State.

Population and Employment Characteristics

The 1940 census showed, for the State of Arkansas, a
total population of 1,949,387 of which 431,910 or 22.1 percent
lived in urban areas. 1In the two coal countles, Scott and Sebastlian,
located in the western part of the State the populatlon was 76,109,
of which 36,584 or 48.1 percent lived in urban areas. The greater
percentage of urban population in these coal counties 1s due to the
locatlon of Port Smith, the State's second largest city, in
Sebastlan County. Preliminary 1950 census figures indicate that
the populatlon of the State as a whole decreased by2.4 percent under
1940 and that of the coal counties by 2.8 percent.

Detalls of the population characteristics, labor force,
and employment categories in Arkansas as a whole and for the two
coal counties are shown in Exh;bit No. 21 and are summarlized below:
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Population, Labor Force, and Employment

in Arkansas and in the Two Coal Countles .
Coal Area
Whole 2 Percent «
State Coal of

(75 Counties) Counties State

Preliminary U.S. Census

Data - 1950

Area (Square Miles) 52,725 1,427 2.7%
Population 1,901,651 13,966 3.9
Denslty per square mile 36.1 51.8

U.S. Census ‘Data - 1940

Population 1,949,387 76,109 3.9
Residing in Urban Areas:
Number 431,910 36,584 8.5
Percent 22.1% 48.1%
Labor Force 678,859 27,876 4.1 '
Employed Number 583,944 2),175 3.6
Percent of Labor Force 86.0% 76.0% j

Occupations of Employed Labor,
Percentages of Total:

Agriculture 51.4% 20.2% 1.4%
Mining 1.0 2.3 8.4
Construction 2.9 3.8 4.4
Manufacturing 9.9 21.5 7.9
Service 34.8 52.4 5.5

The coal counties had a 1950 population density of 51.8
per square mile. Data for the coal area as compared with State data
indlcates that in 1940, more than twice the percentage of people
lived in urban areas, relatively fewer people were employed, rela-
tively more people were engaged in manufacturlng, mining, and ser-
vice, while the percentage of those engaged in agriculture was con-
siderably less. '

~Estimated Labor Force. In Arkansas the total labor force,
based on the 1940 census, has previously been stated as 678,858. If

the labor force has decreased proportionately to that of population, g2
the 1950 labor force would be 662,228. The labor force of the coal
counties on the same basis would be 27,091 or an average of 18,985 - Ark
per 1,000 square miles.
_ X3z
The occupations of about one-third of the labor force 1in XX38

the State (workers covered by Federal 0Old-Age and Survivors Insurance) i
are indicated by the followlng tabulation. These workers include em- :
ployes of an employer with as few as one employe. 7002
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Workers Covered by Federal 0ld-Age and
Survivors Insurance as of Mid-March 1948

Total State 2 Coal Countles
Industry Group
‘Mid-March 1948 Total Percent Total Percent
Agriculture, Forestry, and
Fighing 687 0.3% 16 0.1%
Mining 6,510 3.1 1,183 7.3
Contract Construction 14,776 7.0 625 3.9
Manufacturing 135,352 34.8 6,381 39.3
Public Utilities 15,671 7.5 825 5.1
Wholesale Trade 18,092 8.6 1,565 9.6
Retail Trade 48,161 22.9 3,187 19.6
Finance, Insurance, and Real
Estate 7,659 3.6 543 3.3
Service Industrles 24,107 11.4 1,710 10.5
Other (A) 1,672 0.8 205 1.3
Total 210,687 100.0% 16,240 100.0%

Note: (A) Includes groups not elsewhere classified and unclassified.

The remaining two-thirds of the total labor force (dis-
regarding any change from mid-March 1948 to April 1, 1950) were
not covered and consisted of employes of government, rallroads,
certain non-profit organizations, agricultural, domestic and unpaid
family workers, those self-employed, and those unemployed. These
workers generally, except some of the unemployed, are of types that
do not now have the training or skillls required for operation of
synthetlic liguid fuels plants.

From the above tabulation it may be seen that in the State
as a whole, 34.8 percent of the covered employes are engaged in
manufacturing and 3.1 percent in mining, whereas in the coal countles
the corresponding percentages are 39.3 1ln manufacturing and 7.3 1n
mining.
) The number of workers engaged in manufacturing in the
entire State of Arkansas, as shown 1n the above tabulation, 1s
further broken down by industry groups as shown in Exhiblf No. 22.
While group totals are avallable for all countles in the State, 1n-
dividual industry flgures are avallable only for Sebastian County,
which 1s also shown on Exhlblt No. 22. Sebastlan County employes
over 90 percent of manufacturing labor in the two coal countles.

Seasonal Trends in Employment. Employment of workers
covered by the Arkansas Unemployment Compensation Law, 1s shown
in the following table for a recent typical 13-month period.
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Workers Covered by Arkansas
Unemployment Compensation Law

Number Percent
of Workers of
Month {Thousands) Average
1948
June 225 103.2%
July 224 102.8
August 228 104.6
September 230 105.5
October 222 101.8
November 222 101.8
December 224 102.8
1949
January 2086 94.5
February 204 93.6
March 208 95.4
April 210 96.3
May 212 97.2
June 215 98.6
Average 218 100.0%

Covered employment shows a decline of 10,000 workers from
June 1948 to June 1949. This 1s attributed to declining employment
in the manufacturing industries and in construction by the Employment
Securlty Division of the Arkansas Department of Labor. Using the
average number of employed in the 13-month period as a base employ-
ment reached a peak of 105.5 percent in September 1948, and was at
its lowest in February 1949, with a percentage of 93.6. Those data
indicate that there exists a2 seasonal varlation in covered employ-
ment 1ln Arkansas of about 6 percent above and below fhe average.
This variation 1s to be expected in an area in which over one-half
the labor force is employed in agriculture. Year-round employment,
as would be provided by a synthetic liquid fuels plant, would be
deslirable in such an Area. Increased annual employment provided by
such a2 plant could be offset by increased use of migratory labor.

Workers covered by this law exclude employes of govern-
ment, rallroads, certain non-profit organizations, agricultural,
domestic and unpalid famlily workers, and the self-employed. Employes
of an employer with one or more employes in a 10-day perlod are
covered.

Technical Training. The Fort Smith area ls one of the
most 1lmportant Industrilal districtsin Arkansas. The growth in manu-
facturing employment during the war has probably been below the
national average. Manufacturing activities include furniture, basic

i
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lumber products, zinc smelting, flat glass, steel products, apparel,
and food. Coal mining 1s important to the area, and the industry
has been relatlvely stable for many years. Government work is an
Important activity In the area and 1s concentrated chilefly at

Camp Chaffee, where a separatlon center was established at the close
of the last war. This center has employed as many as 3,000 workers,
, many of whom have remained in the area and are qualified for many

< jobs 1n industry. Outlying sections are primarily agricultural.

The number of workers who are engaged (as of mid-March
1948) in 1ndustries employing workers of skills comparable to those
required 1ln operating and malntalning synthetlc liquid fuels plants
are indicated by the following table (selected from the industry
groups shown on Exhibit No. 23, which table also includes workers
in electric and gas utilities.

Industries Employing Workers of Skills
Comparable to Those Required by
_Synthetlc Liquld Fuels FPlants

Workers Covered by 0ld-Age
and Survivors Insurance

Sebastian
Entire State County
Manufacturing:
' Chemicals and Allied Products 3,375 169
Products of Petroleum and Coal 2,427 -
Primary Metal Industries 1,009 -
Fabricated Metal Products 598 67
Machinery (except electrical) 269 -
Transportation Equipment 1,792 -
Total 1n Manufacturing 9,470 236
Electric and Gas Utilitles 4,600 172
Total in All Selected Industries 14,070 408
Unemployment
< Unemployment varles from one area to another dependent on

local conditions. For a particular locality, a survey of conditions
prevailing in the area would have to be made to determine its extent.
In thls report, however, studiles by particular areas were not made.

#ATkK Instead, as a measure of the extent of unemployment, the percentage
~ of unemployed workers covered by State Unemployment Insurance to
g5 average covered employment in the State were tabulated by months for
the years 1947 to 1949, 1incluslve, and the first 2 months in 1950.
15 ‘These percentages were taken from Bulletins of the Bureau of Employ-
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ment Securlty of the U.S8. Department of Labor, and plotted in the
form of a graph as shown in Exhibit No. 23.

Unemployment in Arkansas follows a seasonal pattern,
reaching a maximum in February and a minimum in October or November.
The maximum percentage of unemployment (for month of February) has
lncreased yearly, beginning in 1947 at 5.4, rising slightly to 5.8
in 1948 and to 8.5 1n 1949 and reaching 10.9 percent in 1350. Aver-
age annual percentages of unemployment also rose during the years
1247 to 1949, from 3.6 to 5.8 and during the 12-month period ended
in February 1950, to 6.3 percent.

Those seasonably unemployed may be consldered as avall-
able for employment in year-round activity such as a synthetlic liquid
fuels plant. Eliminating the percentage of unemployment in February
1950 (10.9 percent) as belng exceptional, average unemployment in
February for the years 1947 to 1949, inclusive, was 6.6 percent.

This percentage is closely in line with that for the l2-months ended
in February 1950, and has been adopted in this report as representing
a degree of unemployment normal to Arkansas and avallable for new
employment.

Estimated Total Unemployment. Application of the 6.6 per-
cent of unemployment to the total estimated labor force in 1950 of
662,228 would indicate a total number of unemployed in the entire
State of Arkansas of 43,707. On the same basis the unemployed in
the coal countles would be 1,788 or 1,253 per 1,000 square miles.

Unemployed Skilled Labor. Assuming that the 6.6 percentage
of unemployment in Arkansas applies equally to the 14,070 workers
In the industries employing skilled labor (as well as to the total
labor force), then the unemployed skilled labor force 1n the entire
State would be 929.

Workers in industries employing skilled labor in Sebastian
County have been shown to number 408. Data from which this flgure
was obtained for lndustry classifications containing only one or two
reporting units for a State or County are not shown separately al-
though included in totals or subtotals. Thus 750 employes have not
been accounted for by industry in Sebastian County. It 1s estimated
that 375 (one-half) are employed in the primary metal industry and
in fabricated metal products, as there are in Sebastian County one
employer in each of the above industries who are the only reporting
units in thelr industry classifications and who employ between 100
and 499 employes. Adding this estimated number to the number pre-
viously tabulated an indicated number of workers in industries em-
ploying skilled labor in Sebastian County would be 783. As the
number of employes in manufacturing in Scott County 1s less than 10
percent of that in the 2 coal counties it is assumed that this number
of 783 applies equally to the 2 coal counties. By application of the
6.6 percentage of unemployment, the unemployed skilled labor force
in the coal counties would be 52, or 36 per 1,000 square miles.

L
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Personnel Requlrements of a Typlcal Synthetlc
Liguid Fuels Unit Plant in Arkansas

. Total Personnel Requirements. The total requirements
of personnel to operate and maintaln a typical synthetlie liquld fuels
\ plant in Arkansas to produce all the coal necessary as a raw materlal
e for the plant, from mines owned or assoclated direc¢tly with the syn-
thetic fuel plant, and to supply the service requirements of such
workers and thelr famllies, are shown in the followlng tabulation:

Total Personnel Requirements
of a Coal Synthine Unit Plant

Number

Unit Plant Employes 1,135

Coal Mine Employes 1,621

Total Production Employes 2,756

Service Workers 1,516

! Total Personnel 4,272

The numbers of unit plant employes shown above are those
estimated by the U.S. Bureau of Mines for plants using the coal
synthine process as shown on the Plant Requirement Sheet, Exhibit
No. 1.

The number of coal mine employes shown above is that re-
quired to produce sufficlent coal per annum to meet the fuel re-
quirements of a unit plant, using the heating value and produc-
tivity per man-day shown for the General Area in Arkansas 1ln the
sectlon of this report entitled "Coal"”. Development of the number
of employes is shown 1n the following tabulation:
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Total Number of Coal Mine Employes Necessary
To Produce Fuel Requirement of a
Coal Synthline Unit Plant in Arkansas

Daily fuel requirement of a unit plant

in billions of Btu 126
Heating value of c¢oal in Btu per pound 13,650
Annual fuel requirement of a unlt plant

in tons of coal 1,684,615
Number of working days per annum 1n ceoal

‘mines (assumed% 240
Productilvity in tons per man-shift of

operational coal mine employes 5.00
Number of operational coal mine employes

working dally 1,404
Number of operational coal mine employes

absent due to accident, 1llness, etec.

10% 140
Total number of operational employes 1,544
Administrative employes, 5% of operational 77
Total coal mine employes 1,621

The numbers of service workers shown are 55 percent of the
total production employes. Such workers and the relation between
them and production employes are defined in a succeeding sectlon of
this report entitled "Housing and Community Development”.

Skilled Plant Personnel Required. The U.S. Bureau of
mines estimates that 80 percent of the technlcal workers in syn-
thetic liquid fuels plants can be trained from inexperienced local
labor. A maximum of 20 percent must then consist of workers already
possessed of skllls or experience required in such plants. The re-
guirements of skilled personnel on this basis would be 227 in a
coal synthine unit plant. It 1s considered that no difficulty would
be encountered in obtaining the necessary skilled labor for mining
operations.

Diversion of Presently Employed Labor. If a unit plant
consuming Targe amounts of coal were to be Introduced into an area
already containing a large coal mining industry its requirements
of coal may be presumed to have a profound effect on the economy
of the industry at least within the county or General Area in which
the plant 18 to be located. It may reasonably be presumed that
existing coal mines in the area will be able and willing to divert
a portion of theilr present capacity (at least all of their marginal
business) to supplying the unit plant. Thus, a portion of the total
personnel requirements of a unit plant may be satisfied by more 1n-
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tensive use of the productivity of existing coal mines and personnel
in the area surrounding the plant, the increased productlivity being
diverted to the use of the plant.

New Personnel Requlrements. When a new industry 1s intro-
duced 1n a community 1ts requirement for workers,in excess of that
portion met by the diversion of exlsting production to the new in-
dustry, must be satisfied elther directly or indirectly by re-
crulting of new workers; directly from workers who are not now em-
ployed, or indirectly from workers who will leave thelr present
employment to work in the new industry and whose places must in turn
be filled by recrulting from the ranks of the unemployed. An-estl-
mate of the number of new workers required by a unlt plant is shown
in the following tabulation:

Total Requirements of New Personnel
for a Coal Synthine Unlt Plant

Number

Unit Plant Employes 1,135
Coal Mline Employes lzéﬁg
Total Production Employes 2,504
Service Workers 1,377
Total Personnel 3,881

The numbers of new plant employes are the same as those
previously indicated under "Total Personnel Requirements". Since
no such plant ag the unlit plant exists in the General Area the total
personnel requlrements, 1lncludling skilled workers, are new and must
be fi1lled either directly or indirectly by unemployed workers.

The numbers of new coal mine employes are estimated to
be those requlred to supply the fuel requlrements of a unit plant
on the same bases as used in developlng the total personnel require-
ments but with the assumption that production of existing milnes, as
of the year 1948, will be utllized to the capaclty possible by
working 240 days per annum (the same as that assumed in an associ-
ated mine) with the added production diverted to the unit plant, and
that the balance of production required by a unit plant will be pro-
duced 1n an assoclated mine working 240 days per annum.

The estimated number of coal miners required is developed
In Exhibit No. 24.

Service workers are estimated at 55 percent (service to
production worker ratio previously explained) of the new production
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workers required. It is loglcal to assume that service workers

would be reduced in proportion to the reduction in production R
workers made posslible by diversion of marglnal coal production to

the plant and the use of more working days per year.

Comparlson of Personnel Requirements
of a2 Unit Plant and Unemployment

The extent to which the new personnel requirements of a
unit plant are met by the unemployed labor in the area surrounding
the plant in an average location in the coal counties of Arkansas
1s 1ndicated by the following tabulation.

Comparison of New Personnel Requilirements of a Unit Plant and
Unemployed per 1,000 Square Miles in Coal Counties of Arkansas
and Size of Area Contalning Sufficlent Unemployed
To Satisfy Requirements

New Personnel Unemployed Size of Area Containing
Description and Requirement per 1,000 Sufficient Unemployed .
Process of a Unit Plant Square Miles To Satisfy Requirement

Sq Miles Radius Miles

Total Personnel 3,881 1,253 3,097 31.4

Skilled Personnel 227 56 6,306 44.8

The above comparison indicates that,on an average basis, in
the coal countles of Arkansas it would be necessary, in order to ful-
fill the new personnel requirements of a unit plant, to enlist the
unemployed in an area of about 30 miles radius about the plant, and
all the unemployed skilled personnel in an area of about 45 milles
radius. Actually, increasing the radius from which to draw upon
additional unemployed would not produce proportionately greater num-
bers. Such an increased radius would extend into the outlylng agri-
cultural area surroundling Fort Smith and while 1t would produce addi-
tional numbers of unemployed, they would not possess the deslred in-
dustrial skills. It becomes apparent that, while 1t might be possible
to satisfy the requirement of a unit plant as to total numbers by use
of unemployed within a reasonable traveling distance from the plant,
the requirement of skilled labor could not. The deficlency in workers
possessing the desired industrial skillls would have to be met by in-

migration of such workers from surrounding industrial centers. ;f
Ark

Operating Labor Costs 100
b @ 5}

The average straight-time hourly rate as of March 31, 1950, b+

payable to wage earners (exclusive of supervisors) in a synthetic - I

liquid fuels unit plant in Arkansas is estimated at $1.48. Develop- z
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Estimated Average Straight-time Hourly Rate
Payable in Synthetic Liquid Fuels Unit Plant

Average straight-time hourly rate (exclusive
of premium pay) prevailing in Arkansas in
the industrles comparable with synthetic
liguid fuels plant for workers of skills
and experlence required $1.38

Relocation differential - S5 percent .07

Total straight-time hourly rate, exclusive
of premium pay $1.45

Average differential (premium) pay because
of working second and third shifts .03

Total average stralght-time hourly rate
payable in synthetic liquid fuels unit

plant §1.48

Introduction of a second unit plant in the General Area
of Arkansas would necessltate recrulting of substantially all of the
personnel requirements of such a plant from outside the Area. This
might necessitate an lncrease in overall labor rates payable at
such a plant over that estimated payable in the flrst.

Basls of Estimated Wage Rates. Wage rates of workers
of the higher skills to be employed in synthetlic liquld fuels plants
are governed by the rates pald in the chemlcal, petroleum refining,
and coal mining industries, as such workers will have to be recrulted
from or pald in competition wlth them. Wages of workers of lesser
skills, however, are not dependent to the same extent on wages paid
in the above industries, but are governed by wages pald 1n the manu-
facturing industrles presently exlisting in the areas in which the
proposed plants are to be located.

In estimating wage rates in the synthetlic liquid fuels
Industry, wage rates in the chemical, petrecleum refining, and coal
mining industries in relation to other widespread industrles has
been taken at a ratioc of two to one. By dividing the number of
workers (exclusive of supervisors), shown by the U.S. Bureau of
Mines personnel classification for a 30,000-barrel-per-day coal
hydrogenation plant, into two groups as to relative skills (above
or below a wage rate of $1.70 per hour) a ratioc of approximately
two to one 1s shown as follows:
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~Ratlo of Wage Earners of Higher Skllls
to Those of Lower Skillls

Number of Wage Earners
Higher Lower

Department Skilled Skllled Total -
Operating 955 139 1,094
Maintenance 807 484 1,291
Indirect 22 288 310

Total 1!784 911 2,695

Ratio of wage earners
of higher skills to
those of lower
skills 1,784

b

211 = 1.96

U.S. Bureau of Labor, Wage Rates by Reglonal Areas. Wage
Survey Bulletins prepared by the Bureau of Labor Statistics of the
U.S. Department of Labor, as of various dates, were used as a basls
for development, by regional areas, of wages paid 1n industries '
similar to synthetlc¢ liquid fuels plants. After adjustment to a
uniform date, March 31, 1950, the average straight-time hourly rate,
exclusive of premium, for the southwestern States (which include
Arkansas) has been developed for selected industries. *

The industries selected as representative in each group
of requlred labor skillls are those for which there are avallable
Wage Survey Bulletins covering all areas in the United States. De-
velopment of average straight-time hourly wage rates, exclusive of
premium, made in the southwestern States is shown in the followlng
tabulation. Ark
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Average Straight-time Hourly Wage Rates,
Exclusive of Premlum, Pald in Selected Industries
in Southwestern States
(As of March 31, 1950)

. Hourly

Industry Wage Rate

Industries employing workers of higher skills:
Chemical ' $ 1.65
Petroleum Refining 1.83
Bituminous Coal Mining 1.63

Average straight-time hourly earnings, welghted

by reported total number of workers § 1.77

Industries employing workers of lesser skills:
Fabricated Structural Steel $ 1.20
Paints and Varnishes 1.03
Ferrous Foundrles 1.18
Machlinery 1.45
Fertilizers C.80
Electric and Gas Utilitiles 1.29

Average stralght-time hourly earnings, weighted _
by reported total number of workers $ 1.30

Average straight-time hourly earnings comblned by
means of a weighting ratlo of two to one of wages
paid by industrles using workers of higher skills
to those usling workers of lesser skills $ 1.61

Wage Rates in Arkangas. Straight-time average hourly wage
rates, exclusive of premium, as developed for the regional area was
then broken down to individual states by assumling that the ratlio of
the State rates to the area rates would be the same as that in-

Ark dicated by other wage studies such as: (a) that made by the Army-
103 Air Force Wage Beard, in 1948; (b) the Old-Age and Survivors In-
X% surance Program during the first quarters of 1948 and 1947; and
=z (¢) the State Unemployment Insurance Program for the year 19486.

This determination for the State of Arkansas, 1s shown in the follow-
70021 ing tabulation.
€
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Straight-time Average Hourly Wage Rates,
Exclusive of Premium, Pald 1n Selected Industries in Arkansas
(A8 of March 31, 1950)

Hourly Rates
Hourly Rates as Adjusted to Level
per Source of of Synthetic Liquid

Information __Fuels Industry
Reglonal + Regional
Area. Arkansas Area Arkansas
Army Air Force Survey $1.10 $1.06 $1.61 $1.55
OASI Program;
lst Quarfer 1948 1.58 1.29 1.861 1.31
1st Quarter 1947 1.43 1.17 1.61 1.32
Unemployment Insurance
Program:
Year 1946 1.32 1.08 1.61 1.32
Average Straight-time
Hourly Wages - Arkansas $1.38

Relocation Differential. In order to induce workers to
relocate in the vicinity of the unit plant, it is considered that it
wlll be necessary to offer a differential of 5 percent over the hourly
rate prevalling in the State in industries comparable to synthetic
liquid fuels plants. Such an increase amounts to 7 cents per hour
or $145.60 per annum (of 2,080 working hours). Such an increase
would probably pay relocation costs 1n one year and, when coupled
with the prospect of steady year-round work and of new housing in
a model village, should constitute inducement to sufficient workers
to completely staff the plant and assoclated activities.

Premium Pay for Second and Third Shifts. It is the prac-
tice in manufacturIng Industries operating on round-the-clock basis
to pay a differential, or premium to workers on the second and third
shifts over hourly wages paid workers on the first shift. The differ-
entlals most prevalent in petroleum refining and bituminous coal
mining are 4 cents per hour on the second shift and 6 cents per hour
on the third. Assuming an equal number of workers on the three shifts
in synthetic liquid fuels plants, the average amount of shift differ-
entlals would be 3 cents per hour.

Ar
1C

3.
2.

70C



Ark
105
70021

107

HOUSING AND COMMUNITY DEVELOFMENT

Population Characteristics

The State of Arkansas has a 1950 population density of
36.1 per square mlle, Of the entire State population in 1940,
22.1 percent lived in urban areas. There 1s only one large city
in Arkansas with a 1950 metropolitan area population of over
100,000, Little Rock, with population of 207,000, (Source: Sales
Management - Survey of Buying Power - further reproduction not
licensed).

In two western counties of the State where a General Area
for the location of a synthetle liguid fuels plant is being con-
sidered, the 1950 density of population 1s 51.8 per square mile.
There is only one large city within these counties, Fort Smlth,
which had a 1950 population of 47,864. In these coal counties as
of 1940, 48.1 percent of the population lived in urban areas, 26.2
percent in rural nonfarm, and 25.7 percent 1n rural farm areas.

Community Requirements and
Population Determination

When a new manufacturing establishment is set up, unless
it is located 1n an already established large community, it may be
presumed necessary to develop an entire new community to house plant
and associated workers conveniently near thelr place of employment
to the extent that experlience has shown it to be required.

Housing faclilities alone, however, are not the only
requisite of a new communlty. Resldents of a new housing develop-
ment require civic and commercial faclllities reasonably convenient
to their homes. It has been considered that such facilifies must
be provided as an integral part of a planned communlty rather than
allowing them to develop without plan on the outskirts of the de-
velopment.

An estimate follows of the population of the plant-city
assoclated with a unit plant in Arkansas, based on numbers of
plant and mine employes, together with associated service workers,
for whom housing would be required. This estimate is based on
average conditions in the coal counties of Arkansas. It 1s subject
to varlatlon from one location to another based on conditions ex-
istent in each individual location.
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Population of 10,000-barrel-per-day
_Synthetic Liquid Fuels Plant-clty

Number

Plant and Mine Employes 2,229
Service Workers 1,226
Total Workers 3,455
Number of Households or Dwelling Units 2,953
Total Population To Be Housed 11,517

Number of Plant and Mine Employes To Be Housed. The per-
centage of planft and mine employes for w%bm housing would be re-
quired in a plant-clty is based on a chart, Exhiblt No. 25, which
shows the "Ratio of Employes Housed in a Plant-city to the Relative
Personnel Demand". This chart was developed from a study of the
effect of density of population in the area surrounding existing
communities, in which the predominant source of employment 1s one
plant or factory.

The number of plant and mine employes estimated to be
housed 1n the plant-city 1s shown in the following tabulation:

Number of Plant and Mine Employes Estimated To Be Housed

Population Density per Square Mile in
Western Arkansas Coal Countles 51.8

Population within 1,000 Square Miles
(17.8 miles radius from plant) 51,800

Requirements of New Plant and Mlne Personnel
from "Labor" Section) 2,504

Above Requirements in percentage of
Population within 1,000 Sqgare Miles 4.83%

Plant and Mine Employes To Be Housed in
the Plant-city:
Percent of Total {(from Exhibilt No. 25) 89%
Number 2,229

Number of Service Workers To Be Housed. In every com-
munity, there must be servlce workers to minister to the needs of
production workers. Such workers consist of proprietors and

ArlY
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employes of wholesale and retall trade establishments, finance,
insurance, and real estate agencles, and a great variety of milscel-
laneous service establishments such as laundrlies, dry c¢leaners,
barbers, shoe and hat cleaners and repalrers, automobile repailr
shops, garages, motion plcture houses, etec., as well as profes-
sional personnel, such as doctors, lawyers, teachers, and govern-
s mental workers. Transportatlion and public utllity workers -are
also considered as service workers for the purpose of this report.
In sparsely settled rural counties, only the mlnimum services are
provided in nearby centers and the more speclalized services must
be secured In more distant trade centers. As mining or manufactur-
ing expands in a community, trade and service establishments spring
up within i1t over a period of time, and thenumber of workers in the
service industries tends to equal the number in the production group,
unless the community is a satellite of a large urban center.

In estimating the service requirements of a plant-city

in Arkansas, 1t i3 considered that production workers living in
the plant-city will recelve the same degree of service as that
prevalent in the 3fate as a whole. The relationship between ser-
vice and production workers prevalling in the coal countles is dis-
torted by the presence there of Fort Smith, a city which supplies
service facilities to an area outside the State. The percentage of
service workers 1n terms of production workers for the State of

) Arkansas 18 developed in the following tabulation, based on data
from Exhibit No. 21: '

. Percentage of Service Workers to Productlon Workers
in Arkansas as of 1940

Class of Worker Number
Production
Agricultural 300,071
Mining 5,902
Construction 17,231
Manufagturing 57,716
Total Production Workers 380,920
Service
< Total Service Workers 203,024
Ark Percentage of Service Workers in
Joorx terms of Production Workers 53%
o8
Xbegex
107 Applying a rounded percentage of 55 to the plant and
15 mine employes estlimated to be housed in the plant-city, the number

0021 of service workers to be so0 housed would be:
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Estimated Number of Service Workers
To Be Housed

Number

Plant and Mine Employes 2,228
Service Workers - 55% of

Plant and Mine Workers 1,226

Population of Plant-city. The number of employed per-~
sons per household may be determined for the State of Arkansas
according to the 1940 census, as shown below:

Estimated Number of Employed Persons
per Household in Arkansas as per 1940 Census

Employed Persons 583,944

Households 497,820 .
Employed Persons per Household 1.17
The Bureau of the Census shows, for Arkansas in 1940, a »

population per household of 3.9.

Assuming these ratios to apply to the plant-city the
total population 13 determined as below:

Estimated Total Population of Plant-city

Number
Employed persons in plant-city 3,455
Households or dwelling units
(employed persons divided
by 1.17) 2,953
Total population (households »
multiplied by 3.9) - 11,517
Estimates for thils report have been based on the assump- >
tion of only one unit plant per 1,000 square miles. Simultaneous A
operation of two.or more ‘unit plants withln such an area would re- 16
quire housing a substantially larger proportion of workers. This s o
would entaill increased investment in housing per plant with cor- 1

responding changes in operating costs. 200
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Famlily Houslng Requirements. In the past, common practice
in construction of "company towns' has been to confine dwellings to
those accommodating a single family. There is now, however, an
increasing demand for multi-family or apartment dwellings. In thils
report, it has been assumed that 20 percent of all dwellings will
be of this type, the balance being single homes. Analysis of
8ingle homes in existence in Oak Ridge in 1947 shows that about 75
percent had two bedrooms and 25 percent had three. For the purpose
of estimating costs of the plant-city the distribution by types of
dwelling 1is assumed to be as follows:

Distribution by Types of Dwellings

Number of Dwellings

Percent for Plant-city

Type of Dwelling of Total of a Unit Plant
2-Bedroom single-family 60% 1,772
3-Bedroom single-family 20 591
Multi-family Units 20 590
Total 100% 2,953

Cost of Housing and City Development for a Unit Plant

Investment in Plant-city. Based on the Contractor's
experience in similar installatlons, a plan of a model city for
employes of a synthetic liquid fuels plant was designed. This city
plan provided housing, utilities, and civic and commercial facili-
ties adequate for a population of 5,000 inhablitants. Cost estimates
for such a model city were made at levels prevailing at December
1949, 1n the Pittsburgh, Pa., area.

From thls estimate unit costs were developed for applica-
tion to plant-clities of populations estimated to be required in
connection with a unit plant in Arkansas. An index of building
construction costs applicable to the General Area in Arkansas, as
of March 31, 1950, as compared to similar costs in Pittsburgh, Pa.,
as of December 1949, was developed based on data on construction
costs as reported by The Dow Service, Inc. This index, for
Arkansas, is 94.

The estimated Iinvestment required to construct a plant-
city in connection with a unit plant in Arkansas 1s shown in the
following tabulation:
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Cost of Housing and Community Development
Required for a Coal Synthine Unit Plant

(As of Marc 1, 1950)

Type of Facllity Investment
Land
For 11,517 population at $9 per person $ 103,653
Grading and Landscaping Site
For 11,517 population @ $142 per person 1,635,414
Dwelling Unlts
1,772 - 2-Bedroom single-family
@ 806 sq ft @ $8.63 per sq ft 12,326,032
591 - 3-Bedroom single-famlly
@ 988 sq ft @ $8.63 per sq ft 5,038,866
590 -~ Multi-family
@ 850 sq ft @ $7.87 per sq ft 3,947,100
\
1,624 Garages '
(55% of Dwelling Units @ $761 each) 1,235,864
Total Dwellings $22,547,862

Utilities
Iighting, water distribution, sewage disposal,
streets, roadways, sidewalks, curbs, and
gutters

Civic Facilities

Municlpal bullding, comfort station, schools,

$ 4,213,931

hospital, sanitation 3,627,855
Commercial Faclllities
Bus station, theatre, bank and professional
building, shopping builldings 5,378,439

Total Investment for Complete
Plant-city, excluslve of Water
Supply

$37,507,154
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Commercial Facilitles. It is recognized that, 1insofar

p as possible, an industrlial plant-city such as would be required by
a synthetic liquid fuels plant should be self-supporting. Com-
merclal establlshments and services, as an integral part of a com-
munity, are profit-making entltles resulting from community de-

& velopment. Therefore 1t has been considered that rental from com-
merclal facillities would be ample to cover the charges on the In-
vestment in those facllitles, Iincluding a proporticnate share of .
the utllities and eivie facilitlies and land. Such investment has
been estimated as follows:

Allocation of Total Investment in Plant-clty between
Residential and Commercial Facilities, with
Estimation of Appreciated Iand Values

Commercial Resldentlal Total
Capital Investment $5,378,439 $22,547,862 $27,926,301
Percent of total 19% 81% 100%
Allocation (based on per-
. cent of total) of: , .
Utilities . $ 800,647 $ 3,413,284 §$ 4,213,931
.Clvlec facilities 689,292 2,938,563 3,627,855
" Investment and land improve-
ments $6,868,378
Appreciated value of land
1/6 of improvements 1,144,730

Teotal Commercial Investment - $8,013,108

The advantages to management in the construction, opera-
tion, and control of its own city are recognized. Among them are:

l) A more dependable and stable labor supply
2) More desirable living conditions

3) Better civic administraticn

4) A cleaner and more orderly communilty

5) Lower plant and community taxes.

Against these advantages, management will have the rssponsibllity
< and expense of constructlon and administration of the plant-city.

It 18 felt however that savings to the plant in municipal taxes will
ATk be sufficlent to compensate for such expense.
r

XEX Employe Home Ownership. The advantages of home ownership,
X3 both to the employes as Individuals and to the company, are well
111 recognized, and 1t 1is believed that some arrangement should be en-
15
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couraged whereby at least one-half the housing could be offered to
employes on liberal fterms, either directly by management or by
reputable builders approved by management. The cost of the several
types of housing including its share of land and utilities (but
excluding civic facilities) and the bare cost of a garage are esti-
mated for unit plants as follows:

Estimation of Residential Housing Costs

Amount

Cost of land, grading, and landscaping $1,739,067
Iess allocation to commercial
facllitles 1,144,730

$ 594,337

Cost of utilities allocated to
resldential 3,413,284

Residential share of land and utilities §$4,007,621

Allocated
Total Cost of
No. Cost of Share of Residential Cost
of Dwelling Land and Per
Unlts Unlts Utilities Total Unit

Dwelling Units -
2~-Bedroom .
single-famlly $1,772 $12,326,032 $2,317,852 $14,643,884 $ 8,264
S-Bedroom
single-family 591 5,038,866 947,535 5,986,401 10,129
Multi-family 590 3,947,100 742,234 4,689,334 7,948

$2,953 $21,311,998 $4,007,621 $25,319,619 $ 8,574
Garages 1,624 1,235,864 - 1,235,864

Total Residential $22,547,862 $4,007,621 $26,555,483

If one-half the dwellings of each type were sold at cost to 1ts
occupant then the remaining investment in dwellings and civic de-
velopment would bhe:

T0(
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Estimated Remalning Investment in Dwellings
’ and Civic Development for Unlt Plant

Amount

Total Investment for Complete Plant-city $37,507,154

Less:
Commercial Facilitles and Related Costs $ 8,013,108
One-half Cost of Housing Sold to
Occupants 13,277,742

Total $21,290,850

Balance of Investment in Land, Dwelling
Units, Garages, Utilities, and Civic
Development $16,216,304

This balance of investment consists of dwellings not sold
to employes, together with the investment in land, grading, utill-
. ties, and civlc facilities not recovered by rental of commercial fa-
cilities or sold. This investment would be operated by the plant.

« Operating Costs

The annual costs of operation of investment not recovered
by rental of commerclal facllitlies or by sale are estimated below:

Annual Operating Costs

Amount
Net Investment $16,216,304
Operating Costs @ 6% 972,978
Ark
113 Annual costs of operatlon are estimated to comprise in
4 terms of annual percentages on investment:

A
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Annual Costs of Operation
in Terms of Annual Percentage on Investment

Percent
Depreclation (40-year life) 2.5%
Maintenance Costs 2.0
State and County Taxes, Insurance,
and Operation of Municipal
Facllities 1.5
Total Annual Percentage 6.9%

It 1s considered that costs of operation of housing and
community development may be recovered by rents of dwelling units
without the necessity of any charge to plant operations.

The average amount per month required to offset operat-
ing costs would be $54.92 as shown below: '

Annual Operating Costs $972,978
Number of Rental Unlts 1,476
Average per Unit:
Annual 659
Month 54.92

Such an amount would be 18.3 percent of the average in-
come per household of $3,602. The average annual wage of plant
workers in Arkansas has been estimated at $1.48 per hour or
$3,078.40 per annum (of 2,080 hours). The average income per
household on this basis would be $3,602 ($3,078.40 x 1.17 wage
earners).

Return on Investment

‘ Recognizing that different investors may require dif-
ferent rates of return upon thelr capital, these estimates include
no allowance for return. However, as a gulde, the following
tabulation indicates the amounts per month for each unit and per
barrel of products which would be required for each increment of 1
percent (before income taxes) on the estimated net total investment
in housing and community development associated with a unit plant
in Arkansas:

38 ¥
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Incremental Costs for Each 1 Percent Gross Return
on Net Investment in Housing and
Communlty Development

N Net Investment $16,216,304
1 Percent Return on Above:
Per Annum $162,163
Per Dwelling Unit:
Per Annum $ 110
Per Month 9.17
Per Calendar Day 444
Per Barrel of Products $0.044

The monthly rental to be pald by the occupant would be
the average monthly operating cost plus the required return on the
investment.

Ark
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MARKETING

Intreduction

The agreement under which thls report wag prepared re-
quires the General Areas suitable for the locatlon of synthetle
liquid fuels plants to be arranged in groups of relative desirabil-
ity, with at least 2,000,000 barrels of dally production in the most
degirable group for the total Unlted States. This 1is equal to
730,000,000 barrels annually, or approximately 36.3 percent of the
tozal demand for liquid fuels A1n the Unlted States for the year
1949.

Motor Fuel - Major Plant Product. If a substantlal part
of the demand for 1iquld fuels 1in the United States were supplied
by synthetle plants, the principal product would be motor gasoline.

Plants Using Coal or Natural Gas. For plants using
coal or natural gas as raw materials, motor gasoline would be the
ma jor plant product. The amounts of motor gasoline speclfled to be
produced from these raw materials by the various processes are as
follows:

Percentage of Motor Gasoline
Specified To Be Produced by the Various Processes

Process Percent
Hydrogenation 72.2%
Synthine Using Coal 72.8
Synthine Using Natural Gas g91.5

Plants Usling 011 Shale. In the casge of shale-0il
plants, for the purpose of this report, motor gasollne 1s not speci-
fled as one of the products to be produced although such plants, 1f
so designed, could produce motor gasoline. For a 10,000-barrel unit
shale-oll plant, the principal products specified are 5,150 barreils
of Jet fuel and 3,350 barrels of Dlesel fuel daily. The annual
production of Diesel fuel of such a plant would be 1,220,000 barrels.
In the year 1948 total sales of Diesel fuel in all of the Mountailn
States amounted te only 5,209,000 barrels. In other words, about
five shale-o0ll plants would have been sufficilent to satisfy the total
demand for Dlesel fuel in the Mcocuntaln States in that year. In the
case of Jet fuel, the annual output of a single 10,000-barrel-per-
day shale-oil plant would be 1,880,000 barrels. Thls 1s approxi-
mately equal to the total sales of jet propulsion fuel in the year
1948 of 1,891,000 barrels in the total Unlted States. Consequently,
it appears that if a relatively large number of synthetlec liquld
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fuels plants should be established, the principal product would be
motor gasoline. Furthermore, since 1t appears that only enough
natural gas wlll be avallable for relatively few synthetic liquild
fuels plants, motor gasoline would amount to approxlmately 75 per-
cent of the total productive capacity, based upon the plant product
specifications.

From the foregoing, 1t 1s evident that of the total
2,000,000 barrels of daily productive capaclty (which is equivalent
to the capaecity of 200 10,000-barrel synthetic liquid fuels plants)
required to be included in the most desirable group of General
Areas, gasoline would amount to approximately 1,500,000 barrels
daily, or 547,500,000 barrels annually. This would be 62.3 percent
of the total United States demand for motor gasoline in 1949, which
amounted to 878,887,000 barrels. If the total demand for motor
gasoline in 1949 had been supplied by synthetlc liquld fuels plants,
a total of 321 such plants would have been required. This is a
relatively small number In contrast to the several thousands of
plants potentlally possible based on raw materlials available.

Estimated Future Liquld Fuel Requirements. Whille the
hazards of a long-range forecast of 1iquld fuel consumptlon are well
recognized, it has been consldered necessary ln thls present study
to attempt to estimate probable liquid fuels requlrements over the
next 25 years because the usual short-term forecagts of a few years!'
duration would have little signiflcance in appralsing the economic
factors that may have a bearing on the bringling into existence of
a long-range program, such as the development of a synthetic liquild
fuels industry. On the basis of present-day factors affecting motor
gasoline consumptlon, the future demand has been proJjected by states
and from this the total demand for the United States has been esti-
mated, as shown in Exhibit No. 26, which demand 1in 1975 amounts to
approximately 59 billion gallons, or 1.4 billion barrels annually.
If this demand were met entirely with synthetic motor gasollne, the
equivalent of 511 plants each of 10,000 barrels dally capacity would
be requilred.

In recent years, the proportion of motor gasoline to the
total demand for liquld fuels in the United States has averaged
approximately 40 percent. At the present time, there are several
factors which indicate that the motor gasoline percentage may rise
in the next few years. There is a tendency for the percentage of
residual fuel oils to decline as refining operations are altered.
Furthermore, 1t 1ls expected that the expansion of the natural gas
industry may reduce relatively the consumption of fuel oll and
kerosene. On the other hand, there may be some counterbalancing
factors, such as the increaslng use of Jjet propulsion fuel and
Dlesel fuel. However, on the basis of motor gasoline consumption
of 40 percent, the total United States demand for liquid fuels in
1975 would be of the order of 3.5 billion barrels annually.
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In order to provide a check upon the reasonableness of
thls estimate, the total annual energy supply for the Unlted States
was studled and projected to 1975. This 1s shown on the chart,
Exhibit No. 27, which indlcates estimated total energy requirements
in 1975 of 50 thousand trilllions of Btu. In a recent study,

N "Energy Uses and Supplies, 1939, 1947, 1965", by the U. S. Bureau
of Mines, Informatlon Circular 7582, energy supplles in the United

States are proJected at approximately 48 thousand trilillions of Btu

in 1965. This 1s in close agreement with the 47 thousand trillions

of Btu for 1965 shown on the chart, Exhibit No. 27. Of the esti-
mated total energy supply 1in 1975 of 50 thousand trillions of Btu,
the 3.5 billion barrels of llquid fuels would constitute 42 percent
as contrasted with 35 percent 1n 1948, as shown on the chart,

Exhibit No. 28. The relative proportions of energy suppllied by

coal, natural gas, and petroleum, which are also shown on that chart,

indicate the reasonableness of the estimate. Some studles of liquld
fuel demand have estimated that consumption in 1975 may be of the
order of 5 or 6 blllion barrels. If these quantities are related

to the estlmated 1975 total energy requirements, they would amount

to 60 percent and 72 percent respectively. Such high percentages
would appear to assume an unreagonable limitatlion on the use of
other fuels such as coal and natural gas.

Crude Oll Reserves and Productlon. As of December 31,
1949, the estimated proved reserves of crude oil in the United
States stood at 24,649,489,000 barrels, which is an all-time record
. high. This amount 1is 13.6 times the crude oll production of
' 1,818,800,000 barrels in 1949. If the proved reserves of natural
gas liquids are added to the crude oll reserves, the estimated
proved reserves of liquid hydrocarbons as of December 31, 1949
amounted to 28,378,501,000 barrels. In the past, new discoveriles
and extensions of o0ld flelds have added to the known supply. The
fellowing tabulation shows the amount of crude o0il added to the
supply by S5-year perlods from 1925 to 1949:

Amountg of Crude 011 Added to the Supply

Period Billions of Barrels

Ark

118 1925-29 10.044
1930-34 3.325

b 3 3 1935-39 12,161

RS 1940-44 9.296

T 1945-49 13.336

70021 -

Total 48.162
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The above tabulation shows that, when the incentive has
been strong, substantlal quantitlies of crude o1l have been dis-
covered. It must be anticipated that further substantlal quanti-
ties of oil will be dlscovered 1in the future. Recent important
oll discoveries in Scurry County, Texas, and in Californla have
Increased appreclably the optimism with respect to future oll dis-
coveries. FPFurthermore, the major oll dlscoveries made in Alberta,
Canada, in recent years indicate that vast oll resources may exist
in western Canada. Thils has led to the bellef that important oil
resources also may be found in North Dakota. In fact, the oll com-
panieg have under lease 1n the United States more than 200 million
acres of untested lands, having geological formations consildered
favorable to the dlscovery of oil.

Based upon the estimate of future requlrements of liquid
fuels in 1975, as previously developed, crude oill production dur-
Ing the next 25 years would be required in the amount of approxi-
mately 62 bllllion barrels. This may be compared to the 48.2 billion
barrels added to the supply 1n the 25-year perlod 1925-1949. 3tated
in other terms, the estlmated crude o0ll requirements durlng the next
25 years are at about the rate of additions to the supply developed
in the S-year period 1945-1249., Through 1949 the total amount of
crude oil produced in the Unlted States amounted to approximately
39 billlion barrels. This, together wlth the estimated requlrements
to 1975, would indicate a total cumulative production by that time
of approximately 100 billion barrels. In recent years it has been
variously estimated that the total amount of oil ultimately re-
coverable from primary onshore operations amounts to approximately
110 billion barrels. In addition, 1t 1s estlmated that approxi-
mately 40 blllion barrels more might be obtalned from offshore
operatlons and from secondary recovery. In the petroleum industry,
it is generally estimated at present that less than half of the
0il originally in place is produced. Important changes in methods
of production, therefore, might add considerably to the recoverable

supply.

Order of Desirability Influenced by Markets. Since there
are some 25 states having Sultable General Areas, it 1s not posslble
in these separate state reports, which are belng prepared serlatim,
and not simultaneously, to contemplate all of the factors to be de-
veloped 1n subsequent state reports, which might tend to vitlate
some of the materlal presented hereln. It might be shown subse-
quently, for example, that markets allocated to nearby General Areas
could be supplled more economically from synthetlec liquid fuels
plants located 1n other distant states. In any case, the determina-
tion of the order of desirabllity of the General Areas must take into
consideration the cost of transporting products to a designated mar-
ket that could absorb the assumed output and not be based solely on
estimated fob. plant costs. In these state reports, markets are de-
fined and allocated to the General Areas under consideratlon with the
full realization that iInformation subsequently developed may show
that the markets could be served more economlcally by other potential
synthetic 1llquid fuels plants.




aArk
10

15
70021

lz2

Definition of the Marketing Territory

As shown 1n Exhibit No. 8 there is only one Sultable
General Area of Coal and Water Avallability in Arkansas, located
1n the western part of the State. The neighboring States of
Loulslana, Texas, Oklahoma, Missourl, and Tennessee also contaln
Suitable General Areas for the production of synthetic liquid
fuels. A determination of the potential markets for the major
products of synthetic liquid fuels plants in Arkansas must, there-
fore, give consideration to the limlting factors placed upon the
market by the existence of potentlal plant sites in neighboring
states. At the present time, no General Areas suitable for the
location of synthetic liquid fuels plants are known to exist in the
State of Missilissippi which borders on Arkansas to the east. How-
ever, as demonstrated subsequently in this section of the report,
the synthetle liquid fuels potential of the one Arkansas General
Area 138 small in relation to the predicted future demand for liquid
fuels In the State of Arkansas itself. Consequently, 1t appears
desirable to establish limits to the marketing territory to be
served from synthetlic liquid fuels plants in Arkansas on the as-
sumption that synthetic liquid fuels produced in Arkansas would be
marketed entirely within the State. While such a limitation of
markets 1s somewhat arblitrary, 1t 1s believed to be necessary in
order to avoid allocating the same marketing territory to the
synthetic liquid fuels plants of more than one state.

Consumptlon of Motor Fuel in Arkansas

The ma jJor product specified to be produced from coal by
synthetic liquid fuels plants 1s motor gasoline. Motor gasoline
constitutes approximately 75 percent of the total productive ca-
pacity. Since thls product constitutes such a high percentage of
the total proposed output, extensive consideration has been glven
to the factors bearing upon the present and predicted future demand
and the present and predicted future supply of motor gasoline.

In this analysls, data on motor fuel consumption pub-
lished by the Public Roads Administration have been used. In these
figures, motor fuel consumption is reported for on-highway and
of f~-highway uses excluding sales to the Federal Government for
military purposes. Consequently, milltary requirements are
eliminated from consideration in this report.

Although 1t 1is recognlzed there 1s some leeway 1in the
process for producing some higher grade gasolines, the quality of
gasoline proposed to be produced by the coal synthine plants 1s
specified to be about 80 octane motor method rating. Since this
gasolline would be of lower standard than commonly used for avi-
ation, aviation gasoline consumptlion has been eliminated from the
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total off-highway consumption of motor fuel as published by the
Public Roads Adminlstration. Therefore, motor fuel consumption
figures given In this analysls do not lnclude aviation use or pur-
chases by the Federal Government for military purposes.

Motor gasollne consumptlon for the State of Arkansas in
the year 1948 amounted to 7,705,000 barrels. The annual production
of motor gasoline from coal by a synthlne plant of 10,000-barrel-
per-day capacity, would be approxlmately 2,737,500 barrels. .Con-
gequently, 1f the entire motor gasoline consumption in the 3State of
Arkansas in 1948 had been supplied by synthetlc liquld fuels plants,
approximately 3 such plants would have been sufficlent to satisfy
the total demand.

Since the motor fuel requirements of Arkansas are well
satisfied at the present tlme by petroleum products and since it
appears that 1t may be many years before large quantltles of syn-
thetlc liquid fuels will be required, 1t is desirable to estimate
the future demand for motor fuel in Arkansas. Whlle ordinarily five
or ten years mlght be consldered the 1limit to which an estimafe of
future demand might be extended with a reasonable degree of accuracy,
1t was belleved deslrable in the present lnstance to attempt to
estimate motor fuel consumption in the State of Arkansas to 1975,
Even though the hazards of such long-range prediction are realized,
the main purpose of the estimate is to indicate the probable maximum
number of synthetic liquild fuels plants which would bhe needed were
no petroleum ligquid fuels availlable.

Future Consumption of Motor Fuel in Arkansas. To make
an estimate of the future demand 1n the State of Arkansas, motor
fuel consumption was dlvlided Into on-highway and off-highway uses.
The estimate of future on-highway use of motor fuel was based prima-
rily on the growth trends of population, motor vehicle registrations,
and consumptlon per vehilcle. The off-hlghway use was determined
principally from the on-farm consumption.

Population. In general, the future population estl-
mates were based on an estimate publlished in November 19492, by the
Bureau of Agricultural Economlcs of the U. S. Department of Agri-
culture. In the report, the population of the United States was
projJected to 1975 by major geographlc divisions and the basis for
these proJectlons was past population figures of the Bureau of the
Census.

The projections of future population by geographic
divisions of the United States were based upon two estimates of
future population by the Bureau of the Census. One of these, termed
the high projection, was descrlibed as high fertility, low mortality,
200,000 net immlgration per year, and high internal migration. The
other, termed the low projection, was bagsed upon medium fertility,
medium mortality, no net immigratlon after 1950, and low internal
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migration. In this report, the high projJectlon has been used since
that forecast appears to be more reasonable, considering present
populatlion frends. On this basis, the population of the Unlted
States in 1975 is estimated by the Bureau of Agricultural Economics
as 188,585,000.

Exhibit No. 29 shows the population by major geo-
graphic dlvisions of the United States from 1870 to 1950, with
estimates to 1975. The extenslions to 1975 on the chart correspond
to the high projections made by the Bureau of Agricultural Econo-
mics, adjusted in the Pacific, Mountain, and South Atlantic States
to reflect more recent conditions as Indicated by the results of
the 1950 census. It should be noted that these extenslions carry
out the trends in the past and may provide a fairly accurate gauge
of the population growth in the years to come. -

Since the State of Arkansas 1s in the West South
Central geographic division, the population of each state in that
division was studied, toth in absolute numbers and as percentages
of the total population of the geographlic division. From the per-
centage figures, proJjections of past trends were extended to 1975.
The percentages so derived were then applled to the total estimated
population of the geographic division in order to determine the
population estimates for the various states. The figures so derived
are presented in chart form in Exhibit No. 30, which shows the
population of each of the states in the West South Central geographic
division from 1900 to 1950 with estimates to 1975. The total estil-
mated population of the four states in 1975 1s equal to 17,614,000
which is the estimate for the West South Central geographic division
prepared by the Bureau of Agricultural Economics. The population
of Arkansas as of April 1, 1950 was 1,909,511 and the estimate for
1975 1is approximately 1,937,000,

Motor Vehlcles. To obtain an approximatlon of the
number of automoblles 1lkely to be In use during the next 25 years,
data of past automobile registrations published by the Public Roads
Administration were studied. The number of persons per private and
commercial automoblle registration in each state was calculated and
projected to 1975. 1In making these projections, attention was given
to effects of present and possible future population density, in-
come per caplta, and other economic factors which would influence
the number of persons per automcbile.

_ Exhiblit No. 31 shows the number of persons per
private and commercial automobile plotted agalnst income payments
per caplta, for each of the states of the Unlted States in 1948.

It will be noted that on this chart the number of persons per
private and commercial automoblle decreases as the income payments
per capita increase, except In the most densely populated states.
The lower limit appears to be about three persons per vehlcle and
this limit seems to be approached only 1n those states where the
income payments per capita are high and where the population density
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1s not high. These data were used as guldes in proJjecting the future
number of persons per prilvate and commercial automoblle in each of
the states. Exhiblt No. 32 shows the number of persons per prlvate
and commercial automoblle in each state of the West South Central
States for the years 1930 to 1949, with projectlions to 1975.

The number of persons per prlvate and commerclal auto-
moblle in the State of Arkansas in 1948 was approximately 7.55. The
estimate for 1975 1s approximately 4.07 persons per prlvate and com-
mercial automobile. Using the future population estimates mentloned
previously and thils number of persons per automobile, the ‘number of
private and commerclal automoblles in the State of Arkansas in 1975
13 estimated to be approximately 476,000, while the number in 1949
was approximately 270,000, an 1ncrease of about 76 percent. Exhibit
No. 33 shows private and commerclal automobile registrations in
Arkansas for the years 1927 to 1949 with estimates to 1975. The
number of publlcly owned automobliles in 1975 was assumed to bear the
same relationshlp to private and commerclal automoblles in that year
as existed in 1948, On this basls, the total number of automoblles
estimated for the State of Arkansas in 1975, including both publicly
owned and private and commerclal vehlcles, 1s 477,300.

The number of motor trucks likely to be 1n use in the
State of Arkansas by the year 1975 was estimated 1n much the same
manner as that employed in calculating the number of automoblles.
Consilderation having been glven to the maln economlc factors which
would influence the growth in number of motor trucks, the number of
persons per private and commercial truck was projected to 1975.
The present and possible future condltlions with respect to population
density and income per capita were considered. Special attention was
glven to the number of farm motor trucks now 1in use iIn the various
states, since farm motor trucks comprlse approximately Z9 percent of
the total number of private and commercial trucks 1n the United
States. A study was made of the size and number of farms in each
state, and the potentlal number of farm trucks which could be sup-
ported was taken into consideration. With this and the other guides
mentloned, the number of persons per private and commercial motor
truck in each of the states was projJected to 1975. Exhlblit No. 34
is a chart which shows the number of persons per private and com-
merclal motor truck 1n the West South Central States for the years
1930 to 1948 and estlmates to the year 1975. From the future
projectlion on this chart for the State of Arkansas, the number of
persons per private and commercilal truck in 1975 1s shown to be
11.0. Using the populatlion estimates developed previously and the
same proportion of publicly owned motor trucks as exlsted in 1948,
the total number of motor trucks expected to be in use was projected
to 1975. In that year the estimate 1s 183,000 motor trucks as com-
pared with 1948 registratiams of 129,542, as reported by the Public
Roads Adminigtratlon. Thils 1s an increase of about 41 percent.
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To estimate the growth in bus registrations, Public
Roads Administration figures were used 1n conJunctlon with more
recent figures obtained from the bus census of "Bus Transporta-
tion". Prom these data the number of persons per common carrier
bus and per school bus were computed and projected to 1975. TUsing
the population filgures previously developed, the total number of
buses for the State of Arkansas was projected to 1975 with the
number in that year amounting to approximately 3,340 buses.

On-Highway Consumption of Motor Fuel 1n Arkansas.
To arrive at an estimate of ruture on-highway use of motfor fuel in
Arkansas, the welghted average annual use of motor fuel per vehicle
by type of vehicle was calculated from information of on-highway
consumption for the State of Arkansas published by the Public Roads
Administration for 1948. The estimated future on-hlghway use of
motor fuel was then calculated from the number of motor vehlcles
previously estimated, multiplied by the welghted average annual
consumption per vehicle. 1In other words, the estimates of future
conaumption are predicated on the average annual consumption per
vehicle obtained in 1948. It is realized that motor vehicle ef-
ficiencles may lincrease somewhat in the future but data published
by the Publlc Roads Administration covering vehicle travel per
gallon of fuel consumed over the past 15 years would not indicate
the llkelihood of any striking changes 1n over-all efficiency. It
may be that eventually motor vehicles will consume less fuel per
vehlicle-mile but it was belleved preferable in this study to run
the risk of overstating the future consumption rather than under-
stating 1t by taking into conslderation statements concerning future
motor vehicle efficlencles that may not be achieved. If motor
vehlicle fuel efficilencies are increased appreciably iIn the future,
the estimates of future on-highway consumption here developed will

‘be proportionately too large. Based on the estimated number of

vehlcles and welighted average annual fuel consumptlon per vehlcle,
the on-highway motor fuel consumptlion In Arkansas in 1975 1ls esti-
mated at 485,827,000 gallons. This is an increase of approxi-
mately 62 percent over 1948 on-highway consumptlon of 299,218,000
gallons.

Off-Highway Use of Motor Fuel in Arkansas. Since
the consumption of motor fuel in agrlculture constitutes the
largest single item of off-highway use, special attention was given
to the consumption of motor fuel by tractors on farms. To esti-
mate the number of farm tractors that will be required in 1975,
the amount of crop land harvested per tractor was studled. Exhiblt
No. 35 shows in chart form the average crop land harvested in acres
per tractor for the United States from 1940 to 1949 with estimates
to 1975.
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To egtimate the future number of tractors on farms
for individual states, analyses were made of the number of farms by
size groups, trends in the number of tractors on farms, the amount
of crop land harvested in acres per tractor, per caplta income pay-
ments, and the average amount of crop land harvested per farm. The
chart, Exhlibit No. 36, shows for each of the states 1n the Unilted
States for the year 1949 the average crop land harvested per trac-
tor plotted againat the average harvested crop land per farm. From
the analysls of the number of farms by size groups, estimates were
made of the maximum number of tractors which could be economically
supported in each state. These numbers were then adjusted in view
of the other factors mentioned above to arrive at an estimate of’
the number of tractors in each state. Usling the estimated number
of tractors 1ln each state for 1975, the average crop land harvested
per tractor was calculated and plotted against the average crop
land harvested per farm, as shown in the chart, Exhibit No. 37.

The number of tractors on farms 1n the United States
obtalned for the year 1975 by totallng the indlvidual state esti-
mates developed as above amounts to 5,264,000 tractors. The reason-
ableness of the estimate of the number of tractors in each state in
1975 1g Indlicated by the fact that the total for the United 3States
(obtained in this manner) agrees quite well with the total esti-
mated by the U. S. Department of Agriculture. In a study of food
and harvested crop land required in 1975, the Department of Agrl-
culture estimated that there would be 5,000,000 tractors on farms
in the United States. That Department's estimate of the harvested
crop land required, however, was based upon a lower estimate of
future population than now appears reasonable. These estimates for
tractors in 1975 may be compared to 3,365,000 tractors (excluding
garden tractors) on Unlted States farms as of July 1, 1949.

For the State of Arkansas the number of farm tractors
in 1975 1s estimated at 88,000. This 1s an increase of approxl-
mately 88 percent over the 46,700 tractors estimated on Arkansas
farms as of July 1, 1949. The amount of motor fuel consumed per
tractor in each state in 1948 was obtained from information pub-
lished by the Bureau of Agricultural Economlcs. These amounts were
then multipllied by the estimated number of tractors in each state to
arrive at estimates of future consumptlion of motor fuel by tractors
in each state. For Arkansas, motor fuel consumption by tractors in
1975 is calculated at 49,280,000 gallons.

Other off-highway uses of motor fuel in Arkansas in
1948 represent only a small percentage of the total consumption and
for purposes of this estimate are assumed to bear the same relation-
ship in the future as in the past. The total motor fuel consumption
in Arkansas for the years 1927 to 1948 is shown on the chart, Ex-
hlblit No. 38, which also presents the estimate of future motor fuel
consumption to 1975. It will be noted from the chart that the total
motor fuel consumption (excluding aviation and military uses) for
1975 1s approximately 537,033,000 gallons or about 12.8 million
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barrels. This represents an increase of approximately 66
percent over 1948 consumptilon.

Number of Synthetic Liquid Fuels Plants
Equivalent to Motor Fuel Consumption
in the Marketing Terriltory

The follewlng tabulation shows a summary of total motor
fuel consumption, less aviation and military use, 1n the State of
Arkansas for the year 1948 and the estimate for 1975. The tabula-
tion also presents the number of coal synthine plants, the motor
fuel productive capacity of which would be equivalent to the total
motor fuel consumptlon in the marketing territory.

Motor Fuel Consumption and Equivalent Number
of Unit Synthetic Liguid Fuels Plants in Arkansas

Annual
Consumption Equlvalent Number
{Mi1lions of Unit Synthetic
of Barrels) Liquid Fuels Plants
1948 7.7 3
1875 Estimate 12.8 )

While it 18 indicated by the above tabulation that the
output of motor fuel of 5 coal synthine plants of 10,000 barrels
daily capaclty would be the equlvalent of the estimated consumption
in the marketing territory in 1975, it must be emphasized that 1t
is not implled that thls number of synthetlc liguid fuels plants
would be required. The calculation is made to show the maximum
number of such plants that would be needed 1if no supplies of
petroleum products were avallable and for purposes of comparison
with the number of synthetic liquid fuels plants potentially pos-
8ible, based upon the coal and water avallability. As shown
previously, these are sufficlent to support approximately 3.7 unit
synthine plants.

Consumption of Liquid Fuel Products other
than Motor Fuel in Arkansas

Although motor gasoline is specifled as the major plant
product of synthine plants using coal as a raw materlal, other
1igquid fuel products are also specified to be produced. These are
listed 1n the following tabulation, which shows the plant product
distributlon for coal synthlne plants and also shows the other
products as percentages of the proposed motor gasoline production.
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Unit Plant Product Distributlion

_Synthine Using Coal
Barrels Percent
per Day of Gasolline

Gasoline 7,280 100.0%

Diesel Fuel 1,800 26.1

Fuel 0il 350 4.8

Propane 470 6.5
Total 10,000

The actual consumption of liquild fuels 1n Arkansas by

princlpal product classifications 1s presented in the followling
tabulation:

Lilquid Fuel Consumptilon
In Arkansas 1n the Year 1948
by Principal Product Classiflcations

Thousands

of

Description Barrels
Motor Fuel 7,705
Kerosene 1,718
Diesel Fuel 998
Other Distillates 840
Reslidual Fuel 2,079
Total 13,3540

In the above tabulation the figures for motor fuel con-
sumption are exclusive of aviation and military uses. The data
given for the other product classifications are sales figures as
published by the Bureau of Mines. Consumptlon or sales flgures for
liquefled petroleum gases are not published by states but are avall-
able by Petroleum Administration for War Districts. The figures for
District No. 3, which includes the State of Arkansas, and 5 other
states, show that sales of liquefied petroleum gases in the year
1948 amounted to approximately 28.1 percent of the motor fuel con-
sumption in that district.
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The followling tabulatjon shows, for petroleum products
similar to the products specified to be produced by synthetic liquid
fuels plants, consumption in Arkansas 1n 1948 as percentages of

motor fuel consumption.

Consumption of Other Liquld Fuel Products
as a Percentage of MotOr Gasoline Consumption in Arkansas

Description Percent
Motor Gasoline 100.0%
Diesel Fuel 13.0
Residual Fuel 01l 27.0

The distribution of actual product consumption evident 1in
the above tabulation differs in some respects from the proposed
distribution of plant products specified to be produced by coal
synthine plants. The actual consumption of Diesel fuel amounts to
13.0 percent of the motor fuel consumption, whereas for coal syn-
thine plants the estimated production is 26.1 percent. The con-
sumption of liquefied petroleum gases in 1948 in P.A.W. District
No. 3 amounted to approximately 28.1 percent of the motor fuel con-
sumed in that District. It appears probable, however, that lique-
fled petroleum gas consumption in Arkansas in that year amounted to
a much smaller percentage of the gasoline consumptlon than the
figure given for P.A.W. District 3. This district also includes
the States of Texas and Loulslana, which accounted for approximately
94 percent of the total liquefied petroleum gas production in
District No. 3 in 1948, and undoubtedly the great bulk of the llque-
fled petroleim gases s0ld in District No. 3 were consumed in Texas
and Louisilana slnce these products are at low cost near the source
of production. Consequently, it appears probable that the con-
sumption of liquefiled petroleum gases in Arkansas in 1948, when
taken as a percentage of the motor fuel consumption, was of the same
order as the output of propane by coal synthine plants at 6.5 per-
cent.

It is apparent from the above analysls that the plant
product distribution for cocal synthine plants does not fully cor-
respond to actual product consumption in Arkansas. According to
the proposed plant product distribution, the percentage of Dlesel
fuel specified 1s too high. If the entire amount of motor fuel re-
quirements were to be supplied by synthine plants, the plants would
have to be redesigned to approach more nearly the required produtt
dlstribution. It appears, however, that complete reliance upon
synthetlc liquid fuels plants as a source- of supply 1s so far in the
future that the preoduct demand pattern may change considerably 1n
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the intervening years. At such time as synthetic liquld fuels
plants are economically feaslble, it 1s probable that they would
be so deslgned as to produce the products then In demand.

Sources of Liquld Fuel Supply
for Arkansas

Sources of Crude 011. Productlion of crude oil in Arkansas

for the year 1949 amounted to approximately 28 mllillon barrels, while

proved reserves of crude oll, as estimated by the American Petroleum
Institute, stood at 297,463,000 barrels as of December 31 of that
year. Alfthough the total productlion of crude oll in Arkansas is
more than adequate to care for the total crude oll requirements in
the State, a portion of the crude oll produced is shipped to re-
fineries in other states, wlth the consequence that refineries in
Arkansas obtalned part of thelr requirements of crude o1l from
another produclng state. Recelpts of crude oll at refineries 1in
Arkansasgs by states of orlgln are presented below for the year 1948:

Recelpts of Crude 011l at Refinerles
in Arkansas by States of Orlgin
in the Year 1948

Thougands
of Barrels

Receipts from

Arkansas 16,305
Louilslana 3,182
Total Recelipts of Crude 011 19,487

Approximately 84 percent of the crude oil received at
refineries originated in the State of Arkansas, whlle the remainder
of the receipts came from Louisiana. Furthermore, over 98 percent
of the crude oll recelved was dellvered by pipe llines, with tank
cars and trucks accounting for less than 2 percent of the total
amount delivered. The following tabulation shows recelpts of crude
01l at refineries by methods of transportation for the year 1948:
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Receipts of Crude 0il at Reflneries 1n Arkansas
by Methods of Transportation
in the Year 1948

Thousands
of Barrels

Intrastate Receipts:

By Plpe Lines 16,073
By Tank Car and Truck 2352
Total Intrastate Recelpts 16,305
Interstate Receipts:
By Plpe Lines 3,152
By Tank Car and Truck 30
Total Interstate Recelpts 3,182
Total Recelpts:
By Pipe Line 18,225
By Tank Car and Truck 262
Total Receipts of Crude 0Oill 19,487

Crude 011 Refining Capacity. The present oll refinlng
capaclty in Arkansas amounts to approximately 21 million barrels of
erude oll annually and 1s more than adequate to cover the State's
annual consumption of liquid fuels, amounting to about 13 million
barrels in 1948. In that same year crude o0il runs to stills
amounted to 19 million barrels.

As of January 1, 1950, there were six refineries located
in the State of Arkansas. A list of the refineries with their

locations, crude o0il capacities, and operating companies is given
below.

011 Refineries 1n Arkansas
as of January 1, 1950

Crude 01l

Capacity

(Barrels

Location per Dax! Company
El Dorado 23,250 Pan-American Southern Corp.
El Dorado 22,000 Lion 01l Co.
Norphlet 3,300 Macmlillan Petroleum Corp.
Smackover 6,000 Henry H. Cross Co.
Stephens 1,800 Berry Asphalt Co.
Waterloo 1,000 Berry Asphalt Co.
Total 57,350
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Prices of Petroleum Products 1ln Arkansas

As shown previously, production of crude oll and products
in Arkansas l1s greatly 1n excess of total liquld fuel requlrements
in the State. Consequently, potentlal synthetlc liquld fuels plants
in Arkansas would be situated 1In an important petroleum producing
reglon, Under such clrcumstances synthetlc liquid fuels plants
would have no competltive advantage due to location.

In this study conslderation has necessarlly been given to
the prices of petroleum products in Arkansas as belng one of the
important factors affecting present and future demand for liquid
fuels 1In the marketing territory. A welghted average composite
price of petroleum products has been computed based upon the same
liquid fuel products and proportions as those specified to be pro-
duced by coal synthine plants. Thls composilte price was constructed
from quotations obtained on the various petroleum products in whole-
sale quantlitles fob. refineries in Arkansas, excluding taxes. While
the cost calculatlons for synthetic liquid fuels plants and products
contained 1n other sections of this report are based upon prices and
quotations prevailing as of March 31, 1950, it was deemed preferable
to use, In these calculations, quotations for petroleum products as
of June 1, 1950 because refinery margins as of that date, appear to
have been more nearly normal. In the tabulatlon on the following
page, prices of the varlous petroleum products In Arkansas; as of
June 1, 1950, are welghted according to the plant product distribu-
tion speclfled for coal synthine plants.

In the tabulation referred to, the price shown for gaso-
line 1is that of regular grade house brand contalnlng tetraethyl
lead with an octane rating of 82 or better. This product 1s evi-
dently superior as a motor fuel to the gasollne specifled to be
produced by the synthine process using coal. The gasoline produced
by thls process 1s stated to have an octane rating of 80 motor
method and no provision has been made in the calculations for the
addition of tetraethyl lead, although 1t 1s understood that such
addition could be made at nominal cost above the base cost of the
required tetraethyl lead. The quotation on Diesel fuel 1s for a
product with a rating of 55 cetane. 1In the tabulatlon, the price
used for fuel oll for the synthine process is that of No. 6 (resl-
dual fuel oil). Propane 1s specified to be produced by the synthine
process using coal and in the tabulation referred to, the price of
that product has been used.
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Composlte Price of Petroleum Products Fob. Refineries in Arkansas
as of June 1, 1950
Weighted according to the Plant Fuel Product Distributlion
Specifled for Synthine Plants Using Coal

Prices of Petroleum Products

Synthine Welghted
Plant Composite
Product Cents Dollars Dollars

Distribution Per Per Per
Product {Percent) Gallon Barrel Barrel
Gasollne 72.80% 10.38¢ $4.360 $3.174
Diesel 19.00 8.50 3,570 .678
Fuel 0il 3,50 4,29 1.800 L0863
Propane 4,70 2.50 1.050 . 049

Total 100.09% $3.964

In the tabulation above, the composite wholesale price
fob. refinery of petroleum products as of June 1, 1950 welghted
in the same proportions as the liquid fuel products speclfied to
be produced by coal synthine plants is shown to be $3.96 per bar-
rel. It should be pointed out that the estimates of future demand
for petroleum products have heen based on projections of present-
day factors affecting consumption. It 18 not kmown how or when
synthetic liquid fuel products wlll become competitive with
petroleum products in the marketing territory. If, due to difficul-
ties 1n developling supplies, costs of crude petroleum rise to such
an extent 1n the future as to cause petroleum product prices to
rise substantially relative to the general price level and to alter
the competitive price posltions of fuels, the projected future de-
mand may be considerably less than the amounts estimated previously
for the marketing territory.

Transportatlon of Plant Products

When synthetic liquid fuels plants become economlcally
feasible, they willl occur first obviously in those General Areas
where the over-all condltlons appear most favorable for financial
success. An important advantage of synthetic liqulid fuels plants
in certaln areas would be their proximity to markets made possible
by raw materlal resources located in or near regions of high popula-
tion density. In such cases the resultant lower costs of distribut-
ing plant products to the points of consumption within the market-
ing territory would give an important economic advantage to the
loecal plants. Such competltlive advantages would not accrue to
synthetic liquid fuels plants in Arkansas, however, since that State
1s an important crude oll producer.
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The estimated populatlion of the countles of Arkansas by
slze groups as of January 1, 1949 1s shown on the Map, Exhiblt No.
39. Thls exhlbit also shows the approxlmate center of the one
Suitable General Area iIn Arkansas. During 1948, the average annual
per caplta consumption of motor fuel in Arkansas was about 4.0
barrels. At that rate 684,000 persons would consume the motor
gasolline productlon of a single synthine plant. It i1s clear from a
study of this map that there are no large concentratlons of popula-
tion 1n Arkansas and that in the western part of the State, where
the General Area 1s located, the population 1s small and widely
scattered. At such time as synthetic 1liquid fuels might be required
in Arkansas, 1t appears that a single unit plant could dispose of
1ts output to local markets within trucking dilstance of the plant
and by rall tank car movement to the Little Rock market, if the
products were distributed by an important marketer or 1f there was
an exchange of products between companies.

At present there are no product pipe lines in the vicinity
of the Arkansas General Area and, furthermore, there are no large
concentrated markets In Arkansas that would make the construction
of a plpe 1line from the General Area appear to be economlically
feaslble. Consequently, in the case of complete development of the
total synthetic llquld fuels potentlal of the Arkansas General Area
the products would have to be transported by rallrocad tank cars and
trucks to the widely scattered small markets. While this method of
distribution would be costly, no General Areas in other states would
appear to be so situated as to be able to serve the Arkansas market
more economlcally except possibly in the far eastern part of the
State along the Misslssippl River which might be supplled by barge
movement from General Areas located along the river in ofher states.

The cost of transportation of plant products to the mar-
keting territory 1is one of the factors that must be taken into
conalderation in determining the relatlive desirabllity in the United
States of General Areas sultable for synthetic liquid fuels plants.
It has been shown previously that a single 10,000-barrel-per-day
coal synthine plant located in the Arkansas General Area could prob-
ably move all of 1its output to bulk stations or to dealers' premises
within reasonable trucking or rall distance. In thls study, 1t 1s
not consldered feasible or necessary to measure the cost of trans-
porting products to local distribution polnts.

Whlle the cost of transportation is one of the factors
that must be considered in determining the relative desirabllity
of General Areas, in thls study this requirement has been construed
not to include the.coast of moving products withln the marketing
territory. By definition, the marketlng territory for plants lo-
cated 1n the Sultable General Area 1n Arkansas was limlted to the
area in which 1t was assumed the local plants would have transporta-
tlon cost advantages over synthetilc liquld fuels plants located 1in
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states outslde of the marketing fterritory. In other words, the
transportation costs with which thils study is concerned are those
covering the movement of products to distant marketing territoriles
and not those Incurred 1n dlstributlng products to polints of con-
sumption within the defined marketing terrlitory. 1t 1s assumed
that the cost of distribution within a given marketing territory
would be about the same for plants located outside as for those
within the territory but that outside plants would incur additional
costs of transporting products to the market under consideration.
Consequently, in determining the relative deslrabllity of General
Areas, costs of transportation need not be taken into consideration
for those General Areas which lie wholly within a local marketing
territory.

Summary and Conclusions

For the purpose of analyzing potential markets for syn-
thetle liquid fuels plants in Arkansas, the marketing territory has
been defined as inecluding the entlire market ln that State. Motor
fuel consumption in Arkansas 1in 1948 amounted to 7.7 million barrels
and is estimated to reach an annual volume of 12.8 mlllion barrels
by 1975. These amounts of motor fuel consumption would be equivalent
respectively to the gasoline output of about three and five coal
synthine plants of 10,000 barrels daily capaclty.

The plant product distribution specifiled for coal synthine
plants does not correspond fully to the present actual product con-
sumption in the marketing territory. If the entlre motor fuel re-
quirements were to be suppllied by synthine plants there would be an
over-production of Dlesel fuel. At such time as synthetic liquid
fuels plants in Arkansas are economically feaslble it is probable
that they would be so designed as to produce the products then in
demand.

The demand for liquid fuels in the marketing territory is
economlcally supplled at present since Arkansas produces crude oil
and petroleum products greatly in excess of 1ts requilrements.
Wholesale prices of petroleum products as of June 1, 1950 fob.
refineries in Arkansas amount to $3.96 per barrel when weighted 1n
the same proportion as the liquld fuel products specifled to be
produced by coal synthine plants. A major increase in liquid fuels
prices altering basically the competitive positions of fuels would
have the effect of reducing substantlally the estimates of demand
within the marketing terrltory.

In the United States during the 5-year perlod 1945-1949,
the amount of crude o1l added to the known supply was larger than
in any similar period; and furthermore, proved reserves as of
December 31, 1949 stood at an all-time record high of about 25
billion barrels. Durlng this 5-year period proved reserves in-
creased 4,864,959,000 barrels. From the analysls, the prospective



supply of petroleum appears adequate to satisfy the demand for
liquld fuels for the present and at least a maJor portion of future
requlrements for a long period of years.

When synthetic liquid fuels plants, using coal as a raw
materlial, become commerclally feaslible, it appears likely that they
wlll be constructed first 1n those General Areas where there is a .
combination of unusually favorable factors. An important advantage
for synthetlc liquid fuels plants in certaln parts of the United
States would be their proximlty to large centers of consumption
distant from the principal source of petroleum. However, slnce
Arkansas ls an important crude oll produclng State; synthetlc liquid
fuels plants in that State would have no competitive advantage due
to location. At such tlme as synthetic liquld fuels would be re-
quired 1n Arkansas, 1t appears that a single unit plant could dis-
pose of its output in local markets within trucking distance of the
plant and by rall tank car movement to the Llittle Rock market. In
the event of complete development of the synfthetic liquild fuels
potentlal, transportatlion to the small scattered markets in the
State would no doubt be by truck and rail, since the constructlon
of a pipe line from the General Area would not appear feasible.
Within the marketing territory, plants in the Arkansas General Area
would have minimum costs for the distribution of synthetic liquid
fuels except possibly In the eastern part of the State along the
Misslssippl River. For the purpose of determinling the relative
desirabllity of General Areas in the Unlted States, costs of trans-
portation of plant products need not be taken Into conslderation
for those General Areas which lie wholly within a local marketing ,
territory.
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WASTE DISPOSAL

General

The manufacture of synthetic liquid fuels from coal by
the synthine process produces gaseous, liquid and solld wastes, all
of them constituting potential nuilsances. Any or all of these may
require speclal treatment or disposal in degree, depending upon the
locatlon of the plant with respect to settled communities, public
water supply, farming areas, etc. The principal gaseous wastes are
sulfur compounds, resulting from combustion or removal of sulfur
present in the coal. Liquid wastes consist of waste water from proc-
e3s, carrylng oll and chemical oll and chemical contaminatlon;
blowdown from coollng towers and bollers, which may carry excessive
concentrations of dissolved sollds; and plant sanitary sewage. Solid
waste conslsts of ash originally present in the coal, any unburned
coal and spent catalysts, principally iron oxide.

Gaseous Wastes

In the coal synthine process, the steam and power required
is generated from waste heat. The coal received at the plant goes
direct to synthesis gas manufacture, the sulfur in the coal appear-
ing principally as hydrogen sulfide, which is removed in concentrated
form in the course of gas purification. If necessary, hydrogen sul-
fide may be burned 1ln flares, producing sulfur dioxide. In the case
of high-sulfur coals, however, the quantity of hydrogen sulfide pro-
duced may be too great for such disposition. 1In such case, hydrogen
sulfide may be converfted to sulfuric acid or to elemental sulfur, the
choice depending upon local markets for these by-products. In any
event, 1t appears practicable to reduce the sulfur nuisance to any
reasonable extent required.

Ligquld Wastes

In the synthine process, side-reactions, together with
scrubbing operations, result ln a water stream contalning large
gquantities of organic compounds, principally allphatlc alcohols,
aclds, aldehydes, and ketones. Information from the U.S. Bureau
of Mines, together wlith preliminary studles:- by other engineers in
the petroleum industry who have worked on thils problem, indicates
that scrubbing may be limited to the point where total quantity of
process and scrubbing water comblned amounts to about 450,000-
500,000 gallons per day in a unit.plant. To the extent that a
market can be found for the chemical by-products, they may be re-
covered and sold. However, after a few synthine plants have been
established, it 1s antlcipated that the existing market for such
products in refined state would be saturated, with the result that
thelr recovery would no longer be profitable. In such case it is



139

assumed that a crude mixture of the more volatile alcohols and
ketones willl be removed by a slimple distillation, and elther sold
at fuel value or retfurned to process for gasification to provide
additional synthesis gas. The contaminated water remaining would
be used as boller feed to provide make-up steam for synthesls gas
production.

Plant sanitary sewage from synthine plants would be of
the order of 100,000 gallons per day 1in a unit plant. If local
authorities require treatment before this effluent is run into the
streams, the necessary sewage disposal plant should not involve an
investment of more than $100,000 to $150,000.

Engineers of the U.S. Bureau of Mines have stated that
the plant cost estimates include an allowance of approxlmately
$1,000,000 to cover waste disposal from a unit plant. This should
be sufficient to cover maximum requirements for complete treatment
of contaminated liquid process wastes and plant sanltary sewage.
Since over-all plant operating cost estimates are based primarlly
upon factors proportionate to construction cost, the inclusion of
adequate construction cost provision for liquid waste disposal in
the general estimates also impllies inclusilon of proportionate al-
lowance for disposal sysfem operating costs. The probable adequacy
of thils allowance ls lndlcated by preliminary estimates. In re-
spect of coal synthine, some dissenting opinion exists as to whether
the scrubbilng water may be limited within the amount which can be
reabsorbed in process. Any excess would reguire treatment before
disposal. Further development work ls necessary before the ques-
tion may be resolved. At the worst, a disposal cost of $0.10 to
$0.20 per barrel of products might be required, over and above the
allowance already included in general process cost estimates.

The remalning ligquid plant waste to be considered is that
resulting from boiler and cooling tower blowdown. Since the princi-
pal water consumption in both hydrogenation and synthine processes
is by evaporation loss, the water rejected from the plant, cther
than the process and sanltary wastes mentlioned, will consist largely
of these blowdowns and wlill contaln practically all of the dally
tonnage of dissolved solids in the gross water make-up drawn by the
plant. As a result, the concentratlion of dissolved mineral salts 1n
the blowdown water may be several times as great as that in the
original make-up. For plant locations where the make-up water is
not already abnormally high in dissolved salts and where the wastes
can be discharged into streams of which the minimum flow is large 1n
proportion to the waste volume dllution of the blowdown with other
plant effluents should serve to keep the whole withln acceptable
limits. Where large quantities of blowdown are to be discharged in-
to small streams having a low minimum flow, the increase in solids
might affect the sultability of the water for other uses. Such uses
are minor, and in general, no difficulty should be encountered in the
discharge of blowdown from cooling towers. In extreme cases, how-
ever, 1t 1s possible that State authorities may require a reduction
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in the concentration of dissolved solids before approval 1s granted.
This may Involve added costs, over and above those 1ncluded in the
general allowance for waste disposal. Actual determination of these
added costs (1f any) for any specific plant location would require
detalled information, such as 1ndividual standards applying to the
particular stream which would receive the wastes, complete analysis
of the water avallable for cocollng tower make-up and for possible
dilutlon purposes, and simllar data, not avallable in the current
general survey.

Stream Pollution. In regard to posslble stream pollution
and the necessity for treatment of liquid wastes in Arkansas, the
following condlition has been developed in the course of the in-
vestigation.

Arkansas, through 1ts Water Pollution Contrecl Commission,
which was created in 1949, i1s engaged In the abatement and control
of stream pollution. Pollution 1s defined as the contamination of
waters of the State so as to create a nulsance or render the waters
8o unclean as to be actually or potentially detrimental to public
health, safety, or welfare, to domestlic, commerciazal, industrial,
agricultural or recreational use or to animal, bird, or aquatic life.

While the Commlsslon has not yet promulgated any peollution
control regulations, it is almost certain that 1f a synthetic llquid
fuel plant was constructed within the Sebastian-Scott General Area
In Arkansas, treatment of the wastes would be required. A high
degree of treatment might not be necessary, especlally if the wastes
were discharged into the Arkansas River, because no public water
supplles are taken from any streams which drain the General Area.
Sewage is discharged into the Arkansas Rlver without treatment at
Fort Smith, Little Rock, and other smaller communities.

Iff the water supply for the synthetic liquid fuel plant
in the Sebastian-Scott General Area was taken from an impounding
reservolr on Vache Grasse Creeék, as projected in the water supply
section of the report, the water might be polluted by wastes from
the plant. Complete treatment of the sewage would undoubtedly be
necessary, and organic compounds in the process wastes would have
to be very nearly eliminated. To avoid such complete treatment,
the wastes could be discharged into a tributary of James Fork with-
out effect on the water supply.

Treatment of the sewage from the community assoclated
wlth the synthetic liquld fuel plant would be relatively 1lnexpen-
sive and would represent only a small part of the over-all community
facilities.

Legal Aspect. The Arkansas Water Ppllution Control Com-
mlsslon has the power To enforce pollution control laws and regula-
tions, Investigate pollutlon, establish pollution standards and
classify the waters of the State. The Commission is an agency
within the State Board of Health. The Chlef Sanitary Engineer of
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the State Board of Health serves as the Technical Secretary of the
Commission, and as such is the administrator of all peollution con-
trol activities.

In order to abate pollution, the Commlssion 1s empowered
to conduct hearings and thereafter to order discontlnuance of the
discharge of sewage or industrlal wastes. Plans for any waste dis-
posal system must be submitted to the Water Pollution Control Com-
mission and a permit obtained prilor to construction.

Solid Wastes

Solid wastes of the order of 540 tons per day, conslst-
ing of c¢oal ash, unburned coal, and spent catalysts, would be pro-
duced by a 10,000-barrel-per-day cocal synthine plant operating on
Arkansas coal as raw material.

Cost of S0lid Waste Disposal. The quantity requiring
disposal is sufficient to Justify falrly elaborate mechanical
handling and stacking 1n order to minimlze labor cost. Estimates
prepared for this purpose indlicate that approximately 220 acres of
land wlll be required to provide space for the ash dumps resulting
from 40 years of plant operation. The ash transport and disposal
system consldered assumes hydraulic and pneumatlc conveying of ash
and spent catalyst, from the various sources to separating and hold-
ing tanks located at the dlsposal area. Decanted water would be
recycled. Molst ash accumulated in the tanks would be carried,
after dralnage, by belt conveyor to an uniocader-stacker which would
distribute it onto dump piles, with the assistance of a bulldozer
to compact the piles and maintain formation. Total cost of ash
disposal area equipment of the capacity required for a unit syn-
thine plant operating on Arkansas coal, (about 540 tons of ash per
day) is estimated at approximately $680 000. This does not include
ash collection equipment, which is normally covered in process
plant costs. Total operating cost and fixed charges are estimated
at approximately $420 per day, or $0.042 per barrel of product.
Each percent of the total investment acecrued as gross return would
amount to about $19 per day, or to $0.0019 per barrel of products.

In the coal synthine process practically all ash appears
in the gasifier (synthesis gas producer) and must be completely re-
moved from the synthesis gas before it passes to the reactors.

The estlmated solid waste disposal plant investment and
daily operating cost (exclusive of return on investment) for the
Sebastian-Scott General Area, for coal synthine unit plants, are
shown in the following tabulation.
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Solld Waste Disposal

Sebastian-Scott Coal
General Area Synthine

Estimated Disposal Plant Investment
(As of March 31, 1950) $684,000

Estimated Disposal Plant Operating
and Fixed Costs:
Per Day $ 418
Per Barrel 0.042

The operation of such a disposal installation would re-
guire a total of about 20 employes, including direct operating
and malntenance wage earners and supervisors, with a proportilonate
allocatlon of indirect personnel.

Over-all Costs of Waste Disposal

The preceding diliscussion indicates that treatment of
liguid process wastes may absorb practically all of the allowance
for waste disposal included in the general cost estimates for the
process plant. In such event, costs of solid waste disposal de-
veloped above are in addition to and above any general processing
costs and must be added separately to the total cost of product.

At certain locations, however, the study of stream pollu-
tion indicates that considerably less than maximum waste treatment
may be acceptable. In such case the saving in cost of liquid waste
disposal presumably could be applied as a credit against the cost
of handling solid wastes.



Ark
141a

70021

143

PROCESS COSTS

Basls for Estimate

As noted 1in a preceding sectlon, under "Processes and
Plant Requirements", the estimated plant construction costs and
process costs developed in the following pages are intended pri-
marily for use in comparing the relative desirability of d4if-
ferent areas as potential plant locatlons., For this reason, they
were based on the assumed use of certaln improvements in process
and equipment which are 8till in the development stage but which ap-
pear reasonably likely to be applicable by the time significant
numbers of synthetlc fuel plants could be constructed. For plants
constructed as of today, using only equlpment and processes now
commercially available in thls country, basic requlrements and costs
could be considerably higher than the estimates given.

Based on the results of extensive research and develop-
ment work of its own, as well as upon available data of other in-
vestigators in the United States and in Germany, the Bureau of Mines
has in the course of preparation estlmates of construction and oper-
ating costs of a synthine plant of a commercial scale. Preliminary
data from this study, for a plant producing 10,000 barrels of syn-
thetic liquid fuels per day from western Kentucky bitumlnous coal,

a specific case, have been adopted for thls survey for estimating
conatruction and operating costs of a unit plant, to be used as a
basls of comparison for determining relative suitability of General
Areas. In drawing other than relative conclusions from these cost
estimates, however, the preliminary nature of these data so far
avallable must be remembered, The final estimates determined by
the Bureau at the completion of 1ts work may differ apprecilably
from the present flgures,

Estimates of plant capital investment and operating costs
follow for the synthine process using coal as the raw material, The
Bureau of Mines estlimate of operating capital has been adjusted by
the contractor, as explained later in the text, to reflect basic
costs of labor and materlial prevalent in Arkansas as of the time
of thilis report.

Process costs estimated hereln, as of March 31, 1950, as
directed by the Contracting Officer, have been limited to operating
costs included in U.S. Bureau of Mines cost estimating procedure,
rather than costs comprising "cost of service" or selling prices.
The Bureau of Mines procedure includes an allowance of approximately
3 percent of plant investment for plant maintenance; 6-2/3 percent
for depreclation; 1 percent for insurance and local, county, and
State real estate taxes; and an allowance equivalent to 10 percent
of direct labor, plant maintenance and operating supplies for gen-
eral adminlstrative and general office overhead (which includes the
salaries and wages of the General Manager or Plant Manager and his
immediate staff reporting directly to management); but they include
no allowance for head office or top management costs, selling ex-
penses, return on investment or sales and corporate (including
incomej taxes. Costs of coal used in the process have been computed
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on a "captive mine" basis and as such do not include selling ex-

penses or return on the initial investment. The cost of water has

been estimated on the same basis. To show the effect of return on .
investment, estimates are included hereln to show the.total invest-

ment required by its component parts, and the amount per barrel re-

quired for each 1 percent gross return (before income taxes) on

capital investment. ‘ .

Operating costs shown hereln are reported, as directed
by the Contracting Officer, in deollars per barrel of total products.
Estimates of the equivalent cost of gasoline and credits for sale of
by-products were not consldered necessary for the purpose of this
report.

It is considered that any difference in cost levels pre-
vailing bhetween that date and the date of the Bureau of Mines
estimate, March 1, 1950, is within the range of accuracy of the
original estlmate. No adjustment of costs for change in location
from Caseyville, Ky., to the General Areas in Arkansas has been
made as such an adjustment is considered to be within the range of
accuracy of the original estimate. Consequently, the Bureau of
Mines estlimate of plant erection cost has been considered dlirectly
aprlicable to such a cost in Arkansas,

Plant Capltal Investment. Based on preliminary estlmates
of the Bureau ol Mines for a typical unit plant, the required plant
capital investment has been estimated for a 10, 000 barrel-per-day
unit plant in Arkansas using the coal synthine process. The table .
below shows figures as estimated by the Bureau of Mines and as
adjusted for a unit coal synthine plant in Arkansas.

Estimates of Plant Capital Investment
for a Unlit Plant
Using Coal Synthine Process

Bureau of Mines

Preliminary Adjusted Estimate of
Estimate of Unit Plant
Typical Unit Plant in Arkansas
Item as of March 1, 1950 as of March 31, 1850
Plant Erection Cost $81,805,000 $81,805,000
Interest during Construction 2,455,000 2,455,000
Depreciable Investment $84,260,000 $84,260,000 ,
Operating Capital 4,000,000 4,995,000 %z%}
Total Investment $88,260,000 $89,255,000 142
Construction costs and required total investment for a 700z2:

coal synthine unit plant are shown in Exhibit No. 40, as estimated
by the Bureau of Mines.



Ark
143
70021

145

AdJusted Estimate for Arkansas. For this survey, esti-
mates of processing costs In Arkansas are as of March 31, 1950.

Interest during construction was estimated, as by the
Bureau of Mines, at 3 percent of plant construction costs.

Operating capltal was estimated for one plant 1n the Gen-
eral Area as shown in Exhibit No. 41. In the absence of informa-
tion as to the method employed in the Bureau of Mlines estimate of
costs of a typical unit plant using the synthine process the method
followed for the hydrogenatlon process was used.

This method, as described in the Bureau of Mines' R.I.
4564, 1s as follows:

"In determining the amount of operating capital required,
it is assumed that the plant will reach designed production within
1ts first year of operation. It 1is expected that limited plant
operation will begin at the end of 3 years' construction, and that
construction and operation will be carrlied on simultaneously during
the fourth year. It 18 expected that the average productlion rate
during this period will be approximately 50 percent of full normal
preduction. Similarly, 1t is assumed that consumption of raw ma-
terial will be 25 percent of normal for the first 6 months and 100
percent for fthe last 6 months. The raw materials ineclude cozal,
catalysts, and water. Operating capital must cover the cost of the
initial 30-day supply of coal, raw materials, consumed during the
first 6 months of operation, labor, malntenance, and all other

operating costs except fixed charges. Filxed charges are not assessed

untll construction is completed; lnterest during constructlon is
treated as a part of total plant cost. Operating expenses during
the second 6 months will be flnanced from the sale of products made
during previous operations'.

In estimation of operating capital the Contractor has in-
cluded in the inventoryprices of coal and water, an allowance for
return on investment in coal mines and water works.

It 1is considered that the operating capltal requirements
for additional plants, or the extenslion of the Inltial plant beyond
a 40-year life will be the same as for the inlitlal plant, as opera-
tions will in either event be based on underground-mined coal.

Operating Costs. Estimates of manufacturing costs, based
on estlmates by the Bureau of Mines, for the typlecal synthine unit
plant for which estimated construction costs have been stated, are
summarized in the first column of the following table:
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Estimated Processing Costs Using Bureau of Mines Method
10,000-barrel-per-day Coal Synthine Plant

Bureau of Mines Bureau of Mines

Preliminary Estimate AdJusted to

Estimate of General Areas in Arkansas

Typlcal Plant as of March 31, 1950 ,
"~ .per Per Per Barrel

Manufacturing Costs Calendar Day

Direct Costs
Direct Materialsa:

Calendar Day of Products

Coal $14,383 $24,367 $2.44
Catalysts and Chemicals 1,200 1,200 .12
Total Direct Materials $15,583 $25,567 $2.56
Direct Labor:
Wage Earners $ 3,150 $ 2,695 $0.27
Supervision 473 404 .04
Total Direct Labor $ 3,623 $ 3,099 $0.31
Plant Maintenance: .
Wage Earners $ 3,897 $ 3,334 $0.33
Supervision 585 500 .05
Total Maintenance Labor § 4,482 $ 3,834 $0.38 :
Materials | 2,241 2,241 .23
Total Plant Maintenance § 6,723 $ 6,075 $0.61
Payroll Overhead $ 1,013 867 $0.08 i
Operating Supplies’ 1,345 1,215 .12
Make-up Water 1,115 531 .05
Total Direct Costs $29,402 $37,354 $3.73
Indirect Costs
Indirect Labor $ 963 824 $0.08
Indirect Salaried Personnel 1,953 1,953 .20
Other Indirect Costs 2,930 2,418 .24
Total Indirect Costs $ 5,846 $ 5,195 0.52
Total Direct and In-
direct Costs $35,248 $42,549 $4.25
Fixed Costs Al
Local, County, and State 14
Taxes and Insurance $ 2,308 $ 2,308 $0.23 )
Depreciation 15z390 _15,390 1.54 1
Total Fixed Costs $17,698 §17!698 §l.77 7002:
Total Manufacturing Costs $52,946 $60,247 $6.02 .
Less Coal and Make-up
Water $15,498 $24,898 $2.49
Other Processing Costs (A) $37,448 $35,349 3.53

Note: (A) Other than coal and make-up water.
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The estimate, based on that of the Bureau cf Mines of
dally operating costs of a typical unit coal synthine plant, 1s
developed by methods summarized in Exhibit No. 42.

Operating costs estimated to apply in the General Area
of Coal and Water Avallability in Arkansas as of March 31, 1950
are summarized in the second column of the table.

The bases of the adjusted estimate of daily operating
costs of a unit plant in the General Area of Coal and Water Avall-
abllity in Arkansas, as of March 31, 1950 are tabulated 1in Exhibit
No. 43. '

The items of plant maintenance materials, operating
supplies, and other indirect costs might have been taken at the
same cost in Arkansas as at Caseyville, Ky., (i.e. treated similarly
to catalysts and chemicals and indirect salaried personnel) but
have been computed according to methods adopted by the Bureau of
Mines.

Return on Investment. Recognizing that different 1in-
vestors may requlre diiferent rates of return upon their capital,
these estimates include no allowance for return. However, as a
guide, the following tabulation lndicates the amounts per day and
per barrel of products which would be required for each increment
of 1 percent on the estimated plant capital in the case of Arkansas:

Incremental Costs for Each 1 Percent Gross
Return on Initial Investment 1n Process Plant
in Arkansas

Total Initial Capital Investment $89,255,000
1l Percent Returm on Above:
Per Annum $ 892,550
Per Calendar Day 2,445
Per Barrel of Precducts $0.245

Effect of Coal Characteristics. In preparing estimates of
coal quantlty requlred, plant cost, and processing cost in each
General Area, the calculations have been based on an (average) total
dally raw material requirement of 126,000,000,000 Btu for a typlcal
cocal synthine unit plant, as speciflied in the plant requirements
data furnished for use in this report.
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Actually, for a plant of given capacity in terms of dally
production of synthetic liquid fuels, the daily Btu requirements
and physical size of the plant (and hence construction and operating
costs) vary with certain characteristics of the coal used as raw
material., The over-all Btu consumption increases wilth increasing
molsture content of the coal, as received at the process plant,
8ince addltional Btu, over and above basic process requlirements,
must be consumed in evaporating surplus molsture to produce a coal
of the requisite dryness for gasification. Purthermore, construc-
tion costs (dependent on physical size)} of a synthine plant of given
production capaclty may vary through a maximum range of 20 percent,
according to the rank of the coal avallable.

A study of the effect of these factors was made to deter-
mine the maximum range of possible variation within the limits of
the coals considered in this survey. The results of thils study
showed that 1In the case of Btu requlrements the maximum probable
variation, over the entire range of c¢oals included in the survey,
from anthraclte to the lowest grades of brown coal, is approximately
plus or minus 10 percent of the mean. As stated above, there may
be a variatlion 1n plant cost because of rank of coal of not more
than plus or minus 10 percent from the mean. The base cost and
Btu requirements for the typical plants used in the foregoing
calculations differ somewhat from the actual mean. However, only

the lower grades of lignites and brown coal glve rise to Btu requlre-

ments and plant costs more than 10 percent greater than the base
figures used. In the large majority of cases, the variation should
be only a few percent.

As the maximum error 1s within the probable 1imits of ac-
curacy of the base figures themselves, in the interest of simpliecity
no adjustment has been made to reflect the effect of coal character-
1stics on Btu requirements and physical size of plant.

Ar]
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STRATEGIC CONSIDERATIONS

Based on studles made by the Natlional Security Resources
Board, 1t is believed that areas of industrlal concentratlon of
less than 5 square miles, or urban concentrations of less than
50,000 people separated by about 10 miles of relatively open coun-
try, will be reasonably secure from atomic bomb attack under all
circumstances expected to prevail.

The only urban concentration in or reasonably near the
Sebastlan-Scott General Area which merits conslderation is the city
of Fort Smith, with an estimated 1950 population of 47,864. This
city 1s located near the northwest corner of the General Area, about
10 miles from the assumed synthetlc liquid fuels plant site.

It 1s belleved that the development of a new synthetic
liquid fuels industry in Arkansas could be planned to conform to
the present published policies of the National Securities Resources
Board with regard to strategic consliderations.
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CONCLUSIONS

Conclusions drawn from this investigation and the de-
termination of a single Suitable General Area 1ln Arkansas for the
production of synthetic liquld fuels are based upon presently availl-

. able informatlion. It should alsc be noted that the determination of
such a Sultable General Area does not at this stage: '

(a) Constitute or propose a program for development;

(b) Imply any relationship to Suitable General Areas
in other states; nor

(c) Reflect any allowance for new developments and addi-
tional future information which can be nelther
foreseen nor predicted.

Subject to such reservatlons, the following major con-
clusions are developed from this investigation and report.

l. Low-volatlile and medium-velatile bituminous coals,
suitable for the coal synthine process but not for
hydrogenation, are the only raw materials meeting

R the requirements adopted for this survey. There
are no avallable reserves of natural gas, or oil-
impregnated strippable deposits in Arkansas suitable
| and adequate for synthetic liquid fuels production.

‘ No report was authorized Iin relation to oll shale

deposits in Arkansas because it was considered that

Arkansas elther did not have supplles of oll shale,

or that known deposits were of doubtful economlc

Importance.

2. There 1s one Suiltable General Area 1n Arkansas,
which is designated the Sebastian-Scott General Area.

3. Coal deposits occur in 8 counties in west-central

Ark Arkansas but satlsfactory deposits are confined to
5 countles containing total reserves in place of
149 831,328,000 tons (according to the specifications
10 and procedures of this survey) of which the recover-
70021 able reserves are estimated to be 415,664,000 tons.

4., None of the coal reserves of Arkansas 1s classifiled
as strippable under the definitions of the survey.
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5. The recoverable coal reserves of Arkansas are distributed
by counties as follows, in total and as contalned
within the single Suitable General Area:

Estimated Recoverable Ccal Reserves Consldered
for Synthetic Lig%;d Fuels Manufacture, by Counties

{As of January 1, 1949}
_ Total Reserves Avallable Reserves
Thousands Percent Thousands Percent
County of Tons of Total of Tons of Total
Franklin 20,534 4.9% - -
Johnson 56,794 13.7 - -
Logan 87,882 21.1 - -
Scott 28,039 6.8 28,039 11.2%
Sebastian 222,415 53.5 222,415 88.8
Total 415,664 100.0% 250,454 100.0%

6. The 250,454,000 tons of recoverable reserves in the
Sebastlan-Scott General Area are all in the Lower Hart-
shorne bed, require mining by underground methods, and
may be converted to synthetic liquid fuels only by the
coal synthine process. The coals are not sulted to the
hydrogenation process because of their high fixed-
carbon content.

7. The avallable recoverable coal reserves of Arkansas, all
in the Sebastlan-Scott General Area, are estimated to
be equivalent to about 540,200,000 barrels of synthetlc
liquid fuels produced by the coal synthine process.

8. It is probable that continued exploration and development
of Arkansas coal resources wlll result in the discovery
of additional reserves in areas for which there is not
now sufficient information to warrant the present esti-
mation of reserves for this survey. Information avall-
able at the time of this survey indilcates that, after an
allowance of 83,100,000 tons of coal for future commer-
clal requirements (50 years' production at the 1948 rate
of production of 1,662,000 tons annually), sufficlent re-
gserves are avallable to supply for a 40-year perlod syn-
thetic liquid fuels capacity amounting, as a maximum,
to 37,000 barrels per day by the coal synthine process.

Ar]
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9.

10.

11.

12‘

13.

14.

15.
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Cleaning of Arkansas coals as necessary to provilde
raw materlial equlvalent in quality to merchantable
coal for synthetic liquid fuels plants would produce,
per unift plant, approximately 1,165 tons of mine
refuse per working day. The equivalent annual quan-
tity of refuse would amount to about 186,400 cubilc
yards. No particular disposal problem would be
presented.

Coal of the Sebastlan-Scott General Area in Arkansas
is low- to medlum-volatile bltuminous in rank with
fixed carbon content exceeding 69 percent (maf)
and heating value, as received, ranging from 13,550
to 14,430 Btu per pound. Moisture, ash, and sulfur
contents are:

Content of Selected Components
(Mine Samples, As-recelved basis)

Maximum Minimum

Moisture 2.7% 2.0%
Ash 9.2 5.6
Sulfur 1.0 0.7

Estimated initial capital required for coal mining
facilities to supply a single coal synthine unit
plant 1s, as of March 31, 1950, $9,262,000.

Coal production costs, exclusive of selling expenses
and return on investment, are estimated to be $5.28
per ton as of March 31, 1950.

Exclusive of return on ilnvestment, the cost of coal
per barrel of products 1n & coal synthine unit
plant 1s estimated to be $2.44 as of March 31, 1950.

Ample water resources exist for the supply of suffi-
clent synthetlic liquid fuels plant capaclty to
process all available coal in 2 period of 40 years.
Water conservation works would, however, be re-
quired. The maximum water requirement 1s estimated

at 75 cfs.

The princlpal water sources to supply the Sebastian-
Scott General Area would be the Arkansas River and
1ts tributary, the Vache Grasse Creek.
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16.

17.

18.

19.

20.

21.

Initial capital investment and annual costs, excluslve

of return on investment, required for process water
supply for a complete coal synthlne unlt plant are
estimated as of March 31, 1950 to be $3,941,000 and
$193,800, respectively.

Annual costs of domestic water supply, exclusive of re-

turn on Investment, are not chargeable to plant oper-
ations since 1t has been assumed that these costs
would be paid for by the consumers living in the
plant-city. 1Initial capltal investment and annual
costs, 1n connection with a unlit plant, are estimated
as of March 31, 1950 at $899,000 and $53,000, re-
spectively.

Tocal utilities could be expected to have adequate power

available for construction purposes in the Sebastlan-
Scott General Area. Power for the plant and coal
mine ig assumed to be supplied from waste heat. For
starting up and emergency use, a power tie-in and
interchange agreement with the local utility merit
conslderation.

The costs of Installing and operating, exclusive of re-

turn on investment, the necessary access transporta-

tion facilitles for an 1lnitial synthetic liquid fuels
unit plant in the Sebastlan-Scott General Area, as of
March 31, 1950, are estimated at $122,500 capital ex-
penditure and $4,563 annual cost.

There would not be sufficient satisfactorily qualified

labor available within the Sebastian-Scott General
Area to meet the new personnel requirements of a unit
plant. While there might be adequate labor within a
reasonable travellng distance, there would be a
deficlency in workers possessing desired industrial
skills which would have to be met by in-migration.

The average straight-time hourly rate in a unlt plant
in the General Area 1s estimated, as of March 31, 1950,
at $1.48.

The necessary plant-city for an initlal coal synthine
unit plant would be expected to accommodate 11,517 per-

sons. The corresponding required initial investment
estimated as of March 31, 1950 for housing and com-
munlty development, exclusive of domestic water supply
works, would be $37,507,154.

Ar
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22.

253.

24.

25.

26.

27.

28.

29.

The value of commercial facilities (assumed to be
self-supporting)} and of one-half of the dwelling
units in the plant-city (assumed to be sold) plus
a proportlionate share of the cost of land and
utilities, 1s estimated at $21,290,850 for a coal
synthine unit plant. The remaining net lnvestment
in rental housing and plant-city development would
therefore be $16,216,304.,

From the standpoint of motor fuel, the average dailly
congsumption (exclusive of aviation and military
use) 1n Arkansas amounted to about 21,000 barrels
in 1948 and is estimated to lncrease to approxil-
mately 35,000 barrels in 1975. Such demands would
be equivalent respectively to the gasocline output
of about three and five synthetic liquid fuels
unlt plants.

The proportion of various liquid fuel products spec-
1fied for plants conslidered in this survey differs
importantly from the distribution of actual product
consumptlion in Arkansas. At such time as large-
scale development would be required, synthetic
ligquid fuels plants undoubtedly would be designed,
since the process is to a considerable extent flex-
ible, to conform to the then existing demand pat-
tern.

Liguild fuel requirements in Arkansas are economical-
ly supplied by petroleum products at a refinery
price of $3.964 per barrel as of June 1, 1950 for
the fuel product distribution specified for coal
synthine plants.

When synthetic liquld fuels are required, plants in
the Arkansas General Area would be well located
for the distribution of thelr products wilthin the
defined marketing territory.

No unusual methods would be required in Arkansas for
the inoffensive disposal of solid and gaseous
wastes of synthetlc liquld fuels plants.

The treatment of liquid waste before disposal to meet
any anticipated requirements is feasible at costs

wlithin allowances made therefor in the general esti-

mates for the process plant.

Disposal of solid wastes from coal synthine plants
In Arkansas 1s estimated as of March 31, 1950 to
involve a capital investment of $684,000 and
operating costs, before return on lnvestment of
$418 per day or $0.042 per barrel of products.

155
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30. A coal synthine unlit plant 1n the Sebastlian-Scott Gen-
eral Area in Arkansas would involve a plant lnvest- .
ment as follows:

Estimate of Initial Capital Investment
for a Typlcal Plant Using the Coal «
Synthine Process
(As of March 31, 1950)

Amount
Plant Erectlon Cost $81,805,000
Interest during Construction 2,455,000
Depreciable Investment $84,260,000
Operating Capital 4,995,000
Total Investment $89,255,000

31. A coal synthine unit plant in Arkansas would 1ncur
dally processing costs, excluslve of return on in- .
vestment, estimated as follows:

Estimated Processing Costs of a Typlcal :
Coal Synthine Unit Plant
In the Sebastian-Scott General Area
Exclusive of Return on Investment
(As of March 31, 1950)

Per Calendar

Processing Costs Day
Direct Materlals $25,567
Water 531
Other Direct Costs 11,256
Direct Costs $37,354
Indirect Wages and Salariles $ 2,777
Other Indirect Costs _ 2,418 .
Indirect Costs $ 5,195 Ar
Taxes and Insurance $ 2,308
Depreciation 15,390 15
Fixed Costs $17,698 %é
Total Manufacturing Costs $60,247 1C
Less Coal and Make-up Water 24,898 700

Total Other Processing Costs

$35,349
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Development of a synthetic liquid fuels industry

In Arkansas could be planned to conform with
presently published policles of the National
Security Resources Board with respect to
strategic conslderations.

In the Sultable General Area of Arkansas, the

initial net capital required for the complete
installation of a synthetlc liquid fuels unit
project, including the manufacturing plant,
process water supply, rental housing, and mine
and other lneldental facilitlies, but exclusive
of commercial facllities and domestic water
supply for the plant-city (assumed as self-
supporting) and of one~half of the dwelling
units (assumed to be s0ld), as shown on Exhibit
No. 44, is estimated, as of March 31, 1950, at
$119,482,000, '

Operating costs, exclusive of return on invest-

ment, (see Exhibit No. 44), of a synthetic
liquid fuels unit project in Arkansas 1s estl-
mated at $6.07 per barrel of products, equlva-
lent to 14.5 cents per gallon.

The amount required to yield 1 percent gross re-

turn, on the net initlal Investment i1s estimated,
as of March 31, 1950 (also shown on Exhibit No.
44), to be 32.7 cents per barrel.
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Exhibit Mo. 1
Page 1 of 2

Synthetic Liquld Puela Plant Requirements

Coal Synthins Process

(Appreved by Corpe of Englneers)

As of May 15, 1950

A. DESCRIPTION OF PROCESSES

{Brisf Description of ¥low 3bheet,
Names of Equipment or Units Proposed
for Usea, Significant Temperaturss and
Pressures, Over-all Efficlency {A) for
Average fank of Coal)

B. RAW MATERIALS

Quantity

Coal Requirements in Btu x 10° per
Calendar Day

Quality
Ash

Maximum Allowable Ash Content to
uipsent (Dry Basis

Other Charscteristice {Chemical
Analysis, etes.)

Sulfur
Cost of Desulfurization

Other Characteristics

Qthar Characteristics (Effect of Rank,
Opague Attritus, Fusain, etc.

C., WATER

Quantity

Heat Capaclity of Coolant Required in Btu
x 107 per Calendsr Day (ineludes
Coolant for Powsr Reguirements)

Water Requiremants in Thousands of Oallona

per Calsndar Day

Evaporated (Cooling Towers)

Blowdown from Coollng Towers

Boller Make-up for Boller Blowdowm
Boller Make-up for Synthenis Oas Mfg.
Sanitary Water for Plant

Sanitary Water for Minss

Water for Cosl Preparation

Water for Mines

Water for Mine Power

Miscellansous, 108

Total
Quality

Coal Synthine
Requirements for a 10,000-barrel-
per-calendar-day Unit
Bassd on a 10,000-barrel -per-day Flant

Raw coal ia pulverized and gasified with oxygen and stesm at 450 psl pressure. The result-
ing synthesis gas, composed of mainly carbon mopoxide and hydrogen 1s purified by the
removal of hydrogen sulfide and organic sulfur compounds and then fed to & single atage
ayntheais reastion. The synthesis reaction takes place at 300 pal pressure and sbout
600" F. An internally coolad resctor using liquld-suspendsd iron catalyst has been ans-
sumed in this eatimate. Alternate types of reactors are solid bed catslyst internally
cooled reactor, or iron catalyst alurry procesa. The liquid products are separated by
distillation into motor gasclins, Diesel fuel, and heavier fractions which are refined
and upgraded by conventional petroleum and refinery processes to finished products.
Steam snd power facilities are provided within the plant. The data below are based on
the following efriciency:

Over-all 41.2¢% (A7)
Procass 126
Total 126
Procesa 20%

1. Qood washability is desiratle
2. Chemlcal analysis and physical propertiss should be known.

Cost of desulfurization does not change materially with percant of sulfur in coal when
eradit of 1/5 of market prioe 1a taken for recoversd sulfur.

High organic sulfur content in raw cosl is undesirsble since it is not easlly removed by
cleaning.

Fixed Carben No limit
Volatile Matter No limit
Sulfur ° No limit
Molsture No limit

Decrease In rank increases amount of plant required. (Range of plant coat 20% between ox-
tremes of rank).

Information Required for Evaluation:

1. Ultimate Aanslyais (maf basis) Btu content
2. Proximbats analysis - dry bamis - include moisturs as 1b per 1b of dry cosl {face

sampla) .
54 Average for All Ranka of Coal
Make -up Consumed Returned
6,410 6,410
1,920 960 960
157 147 590
578 51 527
60 80
48 48

300 80 220
Information not available., (Assumed to be self-sufficient)
81 §5 18

1,016 1,018
11,150 7,713 3,437

1. Boller water suitable for treatment.

2. Sanitary water suitable for chlorination and potable.

3. Cooling water 1s baped on soft water. Water of high solids content inoreasas watsr
requiremsnts or necessitatea s water trestment plant.
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D. POWER
Total Power Required for Mine (Kw)

Total Power Required for Plant {Kw)

By-product Power (Kw)

Prime Power {Kw)

E. PERSONNEL

Total Operating Personnel Required for
Year-Round Cperation

Plant (3 shifts), 365 days {year)

Underground Mines (2 shifts, 240 dayas
per_year operation) (B}

Operational

Administratlve

Strip Mine (2 shifts
per year operat.lonf

Opesrational

260 daya

Administrative

F. PRODUCTS

Synthetie Liguld Puels Plant Requiremsnts
Coal Synthine Process
{Approved by Corps of Engineera)
As of May 15, 1950

Exhiblt Neo. 1
Page 2 of 2

Coal Synthlne
Requiremants for a 10,000-barrel-
per-calendar-day Unit
Based ofh & 10,000-barrel -per-day Flant

3,500 (based on 2 shifts per dsy - S-day week - 5 Kwhr per ton)
114,500

114,500 (Produced from waste heat)

o

Operational
Adminlstrative

Bituminous (13,100 Btu)
Subbituminous (9,500 Bt
Lignite {7,000 Bt u)

Bltuminous {13,100 Btu)
Subbituminous {9,500 Bt
Lignite (7,000 Btu)

Anthracite Culm
Bituminous (13

Subbituainous ls 800" Bt
Lignite (7,000 Btu)

Anthracite Culm {11,500 Btu) 18
20

Bituminous (13

100 Btu)

Subbituminous {9,500 Bt

Estimated Quantity of Products per Calendar

Day (Ranges or Specific cuantities}

Liquefied Fetroleum (asas:
Propane

Mctor Gesoline

Dlesel Q11

Rezlduzl Fuel 011

Total
G. WASTES
Nature and Amount of Wastes

Coal Cleaning Flant and/or Mins

H. AREA
Ares Required in_Acrea (Minimum)

éél soo Btu) 166
1 e

987
198

1,005
u) 1, 587
1, 88z

u) 69

u) 554
T

u) 8

Lignite (7,000 Bcu) 38
parrels Btu Btu x 109
Per Day per Pound per_Day
470 21,700 1.833
7,280 20,310 37.28
1,900 19,990 10.72
350 19,775 2.151
10,000 51.964

Solid Wastes

Liquid Waates

Gaseous Wastes

RejJect rom cleanlng plant

Spent Catalyst

Dry Box Mass - 0.5 tone per
day

Ash {Total ash in coml)

Unburned Coal

Note: (A} Over-all Efficiency is defined as - _BtU :“ nfgg:°t' x 100

17

Hydrogen Sulfide from Girbotol

240 eu ft per 1% sulfur per
ton of coml (as recelved).
Can be converted to sulfur
or burned as Sulfur Dioxide.

The smount of wastes varles
with sulfur in c¢oal.

(B) Assuming 5 tons of coal per man and shift; administrative personnel 5§ of operational; 108 allowance for absentesism.

(€} Aasuming 20 tons of coal (25 tons of anthracite culm) per man and shift; administrative personnel 5% of operational;

10% allowance for absentesism.
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SYNTHETIC LIQUID FUEL SURVEY

DETAILED COAL DATA SHEETS
SHOWING QUANTITIES OF COAL IN PLACE BY COAL BEDS
(SUBDIVIDED BY TOWNSHIPS AND COUNTIES)
AS OF JANUARY 1. 1949

LATITUDE: _35%00" | ONGITUDE: _93%00° |

STATE:_ARKANSAS

COAL FELD:

COAL SEAM:_LOWER HRRTSHORNE (SPADRA DENNING)

t NO ANALYSIS AVRILABLE, E

TED FROM ADJOINING COUNTY

@® ANALYSIS (AS RECEIVED) EXHIBIT NO. 5 Page 1 of 3
THICKNESS DP ITHICKNESS OF COVER] PROXIMATE | ULTIMATE AREA QUANTITY OF PRIMARY RESERVES QUANTITY OF SECONDARY RESERVES
TOWNSHIP OF OF (FEET) RANK E BIU. OF IN_ PLACE ( OF __TONS) IN PLACE  (THOUS OF
OR COUNTY COAL BED  [URDERGRONY STRP | oF AS  MOSTURE|UNMINED | UNDERGROUND _MINING STRIP_MINNG UNDERGROUND _MINING STRIP_MINING REMARKS
AREA UNIT m COAL a i RECEVEDAND ASH COAL |- MEASURED | INDICATED | MEASURED | INDICATED INDICATED | INFERRED | MEASURED | ATED RED
MIN|AVEIMAXMIN MIN|AVE, E EE_| (ACRES) | ACRES| TONS | ACRES| TONS | ACRES| TONS | ACRES| TONS mmnss'mns TONS | ACRES | TONS | ACRES| TONS | ACRES| TONS
| | TioN Reew | JOHNSON 40|7 |e (00 Sa |25 "EJ_HJ_E-!_&IL /3590 15420 288 Z88| |,920 |
2| TN ReIW 517 le 75| Sa J463 3463 20, 2
3| T9N Rz4W 4017 o oo @.b 11,539 | 719 755 5 3
4 |3 | o 25 1] Lv. 72l24{42 .8 /3740, (5410 -
5 TOTAL gelw I = 17385 | (299 34, 5
6 s i 4432) (4 2,79 Czﬁn) S0 %% Eecovery 6 |
7| ToN mzew | FRANKLIN 75 Lvp lac gl 7ed 72| 24 4e|79e| 18| 46| 130 154/0| 5184 2534 taai_z.&t 506 7
g TenN RzeW ; S0 Lyvb Log8 f@,_% 8 |
TOTAL % o 5272 L ﬁ!é!"’
0 = & 8.3 osez) - 7o) 7 S0 Recovery 10
1| ToN ~23w | LocaAN 38 (00 Sa |42|16|777 ¢9| 14 /187ed (5410] 4339 3,232 L1807 7012 L1
2| TON R2eW. So | 5D Sa 1,408 1,408, ) 12
3| 1an & 38 00 S& 8160 403| 2553 7757 45,141 13
4| TenN m2an 28 5o _Sa 12837 LE0O) 12,237 77527 14
15 TOTAL 4| o 277 6643 2101133680 15
| ERABLS as (21,042) (lois 340) SQZPec.vegy 16
17 17
18 18
| 19 19 ]
20 20
21 21
22
23 23
24 24
5. 25
| 26 26
27 27
223 28
o 2
! i 1
2 32
33
4
35
36
37 37
38
—as -
40 40
4|
42 42
43 43
a4 44
45 45
46 46
47 47
48 48
49 49
50 50
a1 5|
L 52 |
53 53
>4 54
55 55
56
57
58
: &0
62 62 |
63
gg 64
66 %
67 67
68
69 &
SOURCES OF INFORMATION AND OTHER FOOTNOTES: U.5.G8.: BULL-84T-E — GEOLOGY AND MINERRL FRESOURCES OF THE WESTERN FART OF THE ARKDINGEAS CORL FIadD = 1937
US.BURERL OF MINES: TECH. FPRER 4/6- ANIISES OF FRKHINSHS CORMS - |928; BULL. 446 — THEICRL SNALISES OF QOALS of THE (NITED STATES - 1942 _

@ AVERAGE ANALYSIS OF MINE SAMPLES OBTAINED BY STANDARD U. S. BUREAU OF MINES PROCEDURE.

SF-662 12-19-50




LATITUDE:—35-00" | ONGITUDE:_S4%00"
SYNTHETIC LIQUID FUEL SURVEY Stafbi R
DETAILED COAL DATA SHEETS ;
SHOWING QUANTITIES OF COAL IN PLACE BY COAL BEDS COAL FELD:
(SUBDIVIDED BY TOWNSHIPS AND COU NTIESJ COAL SEAM:_LOWER HAR TSHORNE.
| AS OF JANUARY 1, 1949
g [@ ANALYSIS TAS RECEIVED) | EXHIBIT NO. 5 Page 2 of 3
THICKNESS DP  [THICKESS OF PROXIMATE ULTIMATE UANTI Y RES SECONDARY RESERVES
TOWNSHIP oF OF (FEET) RANK - ?FA ARANSIIE O IMARY RESERYES srUANT O'f_m.ns OF TON
OR COUNTY COAL BED [UNDERGROUND STRP | oF AS  MOSTURE| UnvineD | UNDERGROUND _MINING STRIP_MINNG - UNDERGROUND _ MINING STRIP_ MINING REMARKS
AREA UNIT G COAL a a RECENVEDIAND ASH COAL | MEASURED | INDICATED | MEASURED | INDICATED NDICATED | NFERRED | MEASURED | INDICATED | INFERRED
| MIN|AVE E| b3 z FREE | (ACRES) | ACRES| TONS | ACRES| TONS | TONS TONS TONS |ACRES| TONS TONS |ACRES| TONS | ACRES | TONS | ACRES| TONS
i VLl 177w m3ow!| seBasTian 4570 3285 3362| 2/995]
TN __ R3IW 43 400 B37 /8 636,208 3974 | 25638 e
3 T7v 140 5152 | 52458 3
| 4 | W 40 425 4
2| TeN R3IW 40 200 5
| 6 | TeN R32W 32 325 1670 8o
J_ TSN __R3IW 23 i75 7
W 36 5248128339
9| T4aN  mawl 32 250 g:
T4N _ R32W] 46 625 407728132 10
15|l o Leb L2716\ 292 rol4slmedl rols)| (35s0] 24 L
(FAED 379 (71,2 507 Recovery 12
3 13
14 14
15 15
i 16
7 17
Ie 18
|
12 19
21
2 2
24 o
25 25
: 26 2
27 F
| 28 28
29
31 31
. 32
33 33
34
35 g
36
3 7
38 38 |
% 2
4l 4| |
42 42
}ﬁa 43
44
4 45
46 46
47 47
2 29
50 50
51 51
| 52 52 |
53 53
54 54
55 55
» 57 gg
58 58 |
59
6l %
62
: & 3
52
67 gjﬁ
| 68 68
69 69
SOURCES OF INFORMATION AND OTHER FOOTNOTES:
.".. - (= a9 Y 2
® AVERAGE ANALYSIS OF MINE SAMPLES OBTAINED BY STANDARD U. S. BUREAU OF MINES PROCEDURE. c
SF-663 12-19-50
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LATI :34%30° : 100’
SYNTHETIC LIQUID FUEL SURVEY TUDE: 34>20" | ONGITUDE: 94:00"
DETAILED COAL DATA SHEETS STATE: _ARKANSAS
SHOWING QUANTITIES OF COAL IN PLACE BY COAL BEDS COAL FELD:
(SUBDIVIDED BY TOWNSHIPS AND COUNTIES)
AS OF JANUARY 1, 1949 COAL SEAM: LOWER HARTSHORNE
[[@® ANALYSIS (AS RECEIVED) EXH'B'T NO 5 Page 3 of 3
THICKNESS OF PROXIMATE | ULTIMATE QUANTITY OF PRIMARY RESERVES QUANTITY OF SECONDARY RESERVES -
TOWNSHP | o Porn O ran I =1 e | A | W rad osaes o Tog N PLACE _ (THOUS i
BED [UNDERGROUND] STRIP UNDERGROUND _ MNING MINING UNDERGROUND _ MINING STRP
AREgR COUNTY (CJOAL = = oF a a % 2 AS mmmm MD::: o [ MEASURED | INDICATED | MEASL nan INDICATED | MEASURED | INDICATED | INFERRED SURED | INDICATED | INFERRED FERPYIS
MIN|AVEIMAXIMIN| A MlNAVEM'ﬂ_ ﬁ FREE | (ACRES) |ACRES| TONS | ACRES| TONS | ACRES) Emmmmm TONS |ACRES | TONS | ACRES| TONS |ACRES| TONS
I T4N R3/W | SCOTT 1100, _ 4¢l _del | 3112 I
2| 13N R.BII?/V 750 e T 5 768| 5184 s
i 2N i TOTAL o| S Mvb |2.0|2137.1\ 56|07 14,430 i5g20| 4352 3123 ({229]| 8296 %
2 g o & 2 ‘4’“‘4-‘ So0% Racovery 5
6
5 i
s 8 |
9
10 &
Il Ll
12 L1
13 13
I 4 12
= 8
l 16 |
17 17
18 18 |
19 ]
2 20
21 2
- 2
2 23
24 =
25 25
26
27 r4j
28 28
29
30 x
al %
32 3z
3 33
34 -
35 a2
36 3€
37 37
= 3E
29
40
4| 4¢
o 42
7 43
44 44
45 44
46 4
47 46
48
49 Pt
o) 50
w 51
52 52 |
53 53
£ 54
55 55
56 56
57 57
= 58
| 60 o
Bl :
- 62
63 —-ar ]
. 64
65 e
66
67 o
68 68 |
69 69
URCES TION m:w@w&w WESTERN FRRT of THE ARKANSRS CoRL FIELD - 1937
o i ik el U6 BUREAL oF MINES: TECH. PREER 41§ - AVALISES CF ARARNSSS COALS —(920
Brits. 448G~ THEICRL 5 oF a
@ AVERAGE ANALYSIS OF MINE SAMPLES OETAIN‘ED BY STANDARD U, S. BUREAU OF MINES PROCEDURE.
| SF-664  1Z2-19-50 55—



SYNTHETIC LIQUID FUEL SURVEY EXHIBIT NO. 6
SUMMARY OF RECOVERABLE COAL RESERVES IN ARKANSAS*
CONSIDERED FOR SYNTHETIC LIQUID FUELS MANUFACTURE
BY COUNTIES AND BEDS
AS OF JANUARY 1. 1949
% (@ ANALYSIS (AS RECEVED) | : s o e
THICKNESS THICKNESS OF COVER] PROXIMAT QUANTITY OF PRIMARY RESE QUANTITY OF SECONDARY RESERVE
oF oF & RN e o AREA (THOUSANDS OF TONS) (THOUSANDS OF TONS)
COAL BED STRP | OF UNDERGROUND _ MINING STRIP_ MINING URNDERGROUND _ MINING STRIP_MINING
- il i ] (DEGREES | i a 5 ? 2 A TR e [ MEASURED | INDICATED | MEASURED | INDICATED | MEAS INDICATED | INFERRED | MEASURED TED | WFERRED TOWNSHIPS
. MIN|AVEIMAXIMINA IN|A AVE FREE | (ACRES) TONS mmwmwmmm&m%mmmmmw
1 | JoHNSON | |95 16 /00 | 75~ Sa |25|izolmiladl2 15 590 /S420] (5,296 1454/ | 47035| NONE NONE ONE| . | NONE 755| 2517 NONE. TON-RESW ; TS ION- R24W;) |
2 3 25 1] Lk 4142 15740 isi#/0| z03e | 1299] 4482 gool . C : . ’ . v Ion-R2EW >
3 TOTAL 17995 | 1299 | (5.34] o g s - = 75%| zs17] * = " 3
4 4
5| FRANKLIN |42 8o 75 |50 Lvd 7|24\ 42 rolag| 13m0 isdio) CLIZ _s.zu_uiq . : P g soel 1670] b " TBIN - REEW 5
? 38|14 o loo |50 42)106|7781 6.9 1.4 ' 13700| 154/0| 27744 z . 2 2 2 2101146840 = = TE,9N + R23,24W ?”
8 : 8
9 3z 5|0 625| /40 b 27|t wolaz]io]43 16| 51| ig550| 15380 739/8)| 14047 783 I 2 ) i L s : o) T6,7N" R30-32N ; T4 5N-R3,3ZW
10
:C') SCOTT | 102] £5 2| 5 | 250 3|7 |56 |07 _(4430| 15620 4352 3123 espoll ¥ i ; s Lzzo| 4./¢8] " ] & T3, 4N:R3IW; TINRIZW L1
12 : 12
13 13
14 14
15 15
] 16
9 17
18 18
| 19 |
20 20
21 21
22 22
23 23
24 24
. 25 25
26 26
£7 b 4
28 28
29 29
30 2]
- 1 3]
2 32
33 2
34 3
35 35
36 36 |
37
38 38
39
40 Q]
41 41
42 42
43 43
44
45 a5
46 4
47 47
48 48
49 49
50 50
-1 51
52 |
53
=4 54
55 55
. | 56
o7 57
58
| 59 59
60
6l 6l |
» 62 62
83 63
64 64
65 65
| 66 66 |
67 67
68
69 869
SOURCES OF INFORMATION AND OTHER FOOTNOTES:_ 1 NO ANALYSIS AVAILABLE, ESTIMATELDR FROM APJOINING COUNTE
¥ B T VER] : UNPER N, ES N PLACE.
® AVERAGE ANALYSIS OF MINE SAMPLES OBTAINED BY STANDARD U. S. BUREAU OF MINES PROCEDURE.
\sF-661 re-19-50
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Exhibit No. 9

Portion of County

Thickness (inches):
Maximum
Minimum

Dip of Bed (degrees):
Maximum
Minimum

Overburden Thickness (feet):
Maximum
Minimum

Rank {A)

Analysis: (B)
Molsture
Volatile Matter
Fixed Carbon
Ash

Sulfur
Btu (as-received)

Btu - moisture-~ and ash-free
Area Underlain by Reserves {acres)
Estimated Recoverable Reserves

( thousands of tons):

Primary Underground

Primary Strip
Primary Total

Secondary Underground
Secondary Strip

Secondary Total

Total Underground
Total Strip

Page 1 of 2
Sebastian-Scott
General Area of (Coal Availabillty
(As of January I, 1949)
Lower Hartshorne Totals
Coal Bed and/or
Welghted
Sebastian Co. Scott Co. Averages
Western NW.
46 102
32 45
25 20.
O 5
625 1,500
140 75
Lvb Mvb
2.7% 2.08 2.6%
18.1 21, 18,5
70.0 71.1 70.1
9.2 S.6 8.8
1.0% 0.7% 1,0%
13,550 14,430 13,650
15,380 15,620 15,410
73,913 4,352 18,000
150,429 23,891 174,320
150,429 23,891 174,320
71,986 4,148 76,134
71,986 4,148 76,134
222,415 28,039 250,454
28,039 250,454

Total Underground and Strip 222,415



70021

Exhibit No.
Page 2 of 2

Sebastian-Scott
General Area of (Coal Avallability
(A3 of January I, 1949)

Capaclity of Synthetic Liquid Fuel Plant:

Thousands of Barrels Per Day (C)

Underground Strip Total
Hydrogenation Process - - -
Synthine Process 37 - 37

Note: (A) Lvb - Low-volatile bitumlnous; Mvb - Medium-volatile
bituminous

(B) Average or representative analyses of mine samples
obtalned by standard U.S. Bureau of Mines pro-
cedure; as-recelved basls

(C) Based on total demand of 126 billlion Btu per calendar
day for synthine plant

9
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Exhibit No. 11

Daily Process Water Requirements with Recirculation
Of Cooling Water for 10,000-barrel-per-day Plant Using Coal Synthine Process

Make-up (A) Consumed (B) Returned (C)
Gallons “Gallons ~ Gallons

Item Use (1,000's) _AF Cfs (1,000's) _AF cfs (1,000's) _AF cfs

1 Evaporated (Cooling Towers) 6,410 19.67 9.92 6,410 19.87 9.92 - - -
2 Blowdown for Cooling Towers 1,920 5.89 2-97 960 2.95 1.48 960 2.94 1.49

o Boller Make-up for Ho Manufacturing - - - - - - - - -
4 Boiler Make-upfor Synthesis Gas 578 1577 0.89 51 0.15 0.08 527 1,862 0.81
S5 Boller Make-up for Boiler Blowdown 737 2.26 1.14 147 0.45 .23 590 1.81 0.91

6 High Pressure Injection H,O

%Process H;0) e - - - - ® - - £ =
7 Sanitary H,0 for Plant 60 0.19 0.09 - - - 60 0.19 0.09
8 Sanitary H,0 for Mines 48 0.15 0.08 - - - 48 0.15 0.08
9 Water for Coal Preparation 300 0.92 0.46 80 0.25 Oyl 220 0.67 0.34

10 Water for Mines - - - - - - - - -
11 Water for Mine Power 81 0.25 0.13 65 020, 0:10 16 0.05 0.03
12 Miscellaneous 1,016 S.12 1.57 - - - 1,016 o 1.57
15 Total 11,150  34.22 17.25 7715 - 235.67 1}1.838 3,437 10.55 5.32

Note: For "once-through" cooling with 33° F rise in water temperature through the plant,
approximately 197 mgd, or 304 cfs of water are required in place of Items 1 and 2 above.

(A) Make-up - The Total amount of water required to be delivered from the source to the plant.
(B) Consumed - The amount of water evaporated or used in the coal synthine process.

(C) Returned - The amount of water returned to a stream as waste and sewage.
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1934,
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1947,

1947,

1948,
1949,

1950,

1950,

Exhlbit No. 12

Water Resources Bibliography

Evaporation from Water Surface, A symposium;
vol. 99, Transactions of American Soclety of
Clvlil Englneers, pages 671-747

Arkansas Water Resources, Arkansas State Planning Board

Survey Report on Arkansas River and Tributariles,
Arkansas and Oklahoma, for Navigatlion, Hydro-
electric Power and Other Purposes; Corps of
Engineers, U.S. Army '

A Review of the Cost of Water Works Structures;
Charles B. Burdick; vol. 36, Jeurnal of
American Water Works Association, pages 821-831

Inventory of Water and Sewage Faclilitles 1in the
Unlted States; Federal Security Agency, Public
Health Service

Arkansas River and Tributarles, Arkansas and Oklahoma;
House Document No. 758, 79th Congress, 2nd Sedsion

Public Water Supplies of Arkansas; Harrison Hale,
R.C. Baker, I.W. Walling, D. M. Parrish, and
G.A. Blllingsley; Research Serlies No. 11, Bureau
of Research, Universlty of Arkansas

Reservolirs 1n the United States, G. Earl Harbeck, Jr.,
Circular 23, U.S.G.S.

Corps of Engineers Projects, Arkansas and Southern
Missourl, Corps of Englneers, U.S. Army

Surface Water Resources of Arkansas, S.L. Saunders
and G.A. Blllingsley; Institute of Science and
Technology Research Serles 18, Arkansas Resources
and Development Commiission of Unlversity of
Arkansas Institute of Science and Technology

Water Treating Experiences; A.H. Ullrich; Water and
Sewage Works, vol. 97, No. 1, pages 10-12

Surface Water Supply of the Unlted States; part VII,
Various Publications, U.S5.G.S.



Exhibit No. 13

Acknowledgments for Technical Information on Water Supply

G. A. Billingsley, District Chemist
U. 3. Geological Survey
Fayettevlille, Arkansas

John L. Saunders, District Englneer
U. S. Geocloglcal Survey
Fort Smith, Arkansas

F. L. McDonald, Chief Sanltary Englneer
Arkansas Water Pollution Control Commlsslon
Little Rock, Arkansas

District Engineer

U. 8. Corps of Englneers
Tulsa District

Tulsa, Oklahoma

Diastrict Engineer

U. S. Corps of Engineers
Little Rock District
Little Rock, Arkansas
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EXHIBIT NO. 14
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Stream and Gaging Station

Recorded Flow Data

Arkansas River at Van Buren

Fourche La Fave River near Gravelly
Petlit Jean Creek at Danville

Petit Jean Creek near Booneville
Mulberry River near Mulberry

Poteau River near Wister, Okla.

Poteau River at Cauthron

Estimated Flow Data

Petit Jean Creek at Reservoir No. 2
Vache Grasse Creek at Reservoir No. 1
Poteau River at Mouth

James Fork at Oklahoma-Arkansas State Line

Note: (A) Less than 1 Cfs

Exhibit No. 15

Stream Flow Records and Estimates

Drainage Years Mean Annual Flow Minimum Flow
Area of Cfs per Monthly Dail. Records Used in
(Sq Mi) Record Cfs Sq Mi (Cfs) ijsg Preparing Estimates
150,300 1928-1947 I€ s o 0215 658 245 -
413 1940-1948 573 1.39 0 0 -
760 1917-1948 836 1+10 0 0 -
247 1940-1948 2635 1.06 0} 0 -
o H 1939-1948 570 1.53 0.03 0 -
1,085 1939-1948 1,314 1.21 0 0 -
198 1940-1948 228 1.15 0 0 -
212 - 234 1.10 (a) (a) Petit Jean Creek at Danville
90 - 99 130 (a) (A) Petit Jean Creek at Danville
1,895 - 2,290 1.21 (n) (n) Poteau River near Wister, Okla.
146 - 168 1.15 (A) (A) Poteau River at Cauthron



Exhibit No. 16

Chemical and Physical Water Analyses in Arkansas at Selected Sampling Stations

Fourche
. La Fave
Arkansas River Poteau Vache Grasse Frog Bayou Petit Jean Petit Jean Dutch Creek River
at River at Creek impounded near Creek near Creek at at near Hartford
Sampling Station Van Buren Cauthron near Greenwood Mountainburg Boonville Danville Waltreak Gravelly Well
Source of Data (A) * (A) (a) (B) (B) (c) (B) (B) (B) (a) * (a) (a) (B) (B) (B) (¢)
Date of Collection 10- 1-48 10- 1-48
to 9-21,23 to 1-25,26,
9-30-49 24,29-49 5-21,22-49 7-23-45 5-27-46 5-14-46 9-24-48 4-24-46 9-24-48 9-30-49 12-11 to 15-48 28,29-49 9-24-48 8-23-45 4-25-46 5-14-46
River Discharge - Cfs 45,180 2,452 313,000 9.2 345 .0 5,640 .0 1,073 4.18 12,750 .4 359 2,190
Temperature - ° F 63 70 72 63 49 46
Color 10 10 45 23
pH T.7 7.4
Sp. Cond. (K x 105) 874 1,210 845 5.30 5.00 11.8 4.58 4.80 10.3 65.9 78.1 28.9 7.76 4.30 3.20 173
Silica (S10p) - Ppm 13 a 9.2
Iron (Fe) - Ppm 53 3.4
Manganese (Mn)- Ppm - - - - — - - i _ - - 2 i & : 3
. Calcium (Ca) - Ppm 50 67 59 3.4 13 3.0 p gz ST S.7 4.5 1.1 3.2 2.3 64
Magnesium (Mg)- Ppm 11 13 6.8 3.0 2.7 1.3 1.5 4.5 2.9 3.2 % | 3.2 2.5 1.4 50
Sod. and Pot. (Na + K) - Ppm 116 169 107 3.7 7.4 8.3 5.2 10 5.5 7.7 24 7.9 1.4 4.1 268.8
Bicarbonate (HCOz) - Ppm 112 121 154 24 15 9.0 22 12 42 22 34 10 34 17 13 253
. Sulfate (304) - Ppm 63 88 56 4.8 1.0 15 8.4 5.7 6.7 6.4 4.8 4.0 2.1 1.8 3.2 613
Chloride 501) - Ppm 184 272 157 3.0 2.2 4.2 2.0 3.0 5.0 4.7 5.2 2+2 5.0 2.0 2.5 69
Fluoride (F) - Ppm A o
Nitrate (NOz) - Ppm 3.8 3.6 5.2 .0 1.2 .5 2 2 .6 1.9 1.1 1.0 4 5 2 1.2
Total Hardness as CaCOz - Ppm 169 220 175 21 24 G 13 8.9 28 21 24 1 21 16 8.8 365
Non-Carbonate - Ppm 77 122 49 : 4 0 3
M.0. Alkalinity as CaCOz - Ppm - - - ~ - - - - i - - o = W 2 %
Dissolved Solids - Ppm 514 718 491 52 88 43 60 69 56 56 42 50 48 42 1,240
Turbidity - Ppm - - - ” = = & - - > - = - - - -
200 to 300

Well Depth in Feet

Note: A Unpublished records of U.S.G.S.
B Surface Water Resources of Arkansas, Arkansas Resources and Development Commission and University of Arkansas,

Institute of Science and Technology, I.S.T. Research Series No. 18, Division of Geology Bulletin No. 17,

‘ J. L. Saunders, G.A. Billingsley, and U.S.G.S. (1950)
(C) Public Water Supplies of Arkansas, University of Arkansas, Bureau of Research, Research Series No. 11,
Harrison Hale, R.C. Baker, I.W. Walling, D.M. Parrish and G.A. Billingsley {1947).

7 *  Weighted Average (Weighted by discharge)
Ark
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Exhibit No.

Estimate of Coal Productlion Cost as of March 31, 1950

General Area Deslgnation
Type of Mini
Productivity (tons per man-shift;
Hydrogenation (H) or Synthine (S) Process
Daily Production - tons (240 days per year)
Annual Production (thousands of tons)
Daily Plant Consumption -.tons (365 days per year) .
Life of Reserves {years)
Plant Investment (thousands of dollars)
Items of Cost per Ton:

All Labor

Vacation Payments

Welfare Fund

Total Labor

All Supplles

Power

Payroll Taxes

Other Taxes, Insurance, Miscellaneous

Depreclation

Royalty or Depletion

Engineering, Management, Administration

Total

Btu per pound of coal (as-received)
Cost per Million Btu (cents)

Sebastian-Scott

19

Underground
5

S
7,019
1,684
4,615

149
$9,262

$2.80
.08
.30
$3.18
.81
.15
.11
.46
.37
.10
.10

$5.28

13,650
19.34¢




Exhlblt No. 20

Coal Characteristics and Cost Summaries
Sebastian-Scott General Area of Coal and Water Avallgbility
(Reserves as of January 1, 1949)

(Costs as of March 31, 1950)

General Area Designation Sebagtian-Scott
Hydrogenation (H) or Synthine (S) Process S
Type of Mining (Underground or Strip) U
’ Coal Bed Designatlion . Lower Hartshorne
Thickness of Bed (inches):
Maximum 102
Minimum 32
Dip of Bed (degrees):
Maximum 25
Minimum 0
Overburden Thickness (feet): ,
Maximum 1,500
Minimum 75
Rank of Coal (A) Lvb
Proximate Analysis: (B)
Moisture - 2.6%
Volatile Matter 18.5
Filxed Carbon 70.1
Ash 8.8
. Sulfur 1.0%
Btu 13,650
Btu - moisture- and-ash-free 15,410
Estimated Recoverable Reserves
. {thousands of tons):
Primary 174,320
Secondary 76,134
Total 250,454
Synthetic Liquid Fuels Plant Capacity (C)
(thousands of barrels per day 37
Estimated Mine Capital Cost
(thousands of dollars) $9,262
Estimated Cost per Ton of Coal Produced: .
Avallable by Stripping None
Balance from Underground 5.28
Combined (weighted average cost) %gzgg
Estimated Cost per Million Btu (cents) 19.34¢

Estimated Cost per Barrel of Synthetlc
Liquid PFuel Final Products:

Coal, Cost to Produce $2.44
- Transportation to Process Plant -
Total Cost per Barrel $2.42

Note: tﬁg Lvb: Low volatile bituminous
B) Representative analyses of mine samples obtained by
standard Bureau of Mines Procedure; as-recelved basls
(c) Based on total demand of 126 billion Btu per calendar
ARK day for unit synthine plant.
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Coal Counties

Exhibit No. 21

Population, Labor Force, and Employment in Arkansas in 1940
and Preliminary 1950 Census

Scott

Sebastian
Total Coal Counties
Other Counties

Total State

Percentages Showing Composition of
Population and Numbers Employed in
Coal Counties and in Entire State

Coal Counties:
Total Population
Total Employed

Entire State:
Total Population
Total Employed

Percentages of Classified Population in
Coal Counties in Relation to Entire State

Coal Counties
Other Counties

Entire State

Area 1950 Census Population (1940) Labor Numbers Enployed (1940)

(Square -Preliminary Rural Rural Force Agri - onstruc- Manu-

Miles) Count Total Urban Nonfarm Farm (1940) Total culture Mining tion facturing Service
898 10,045 13,300 - 5,727 7,583 4,248 3,486 1,858 16 85 702 825
529 63,921 62,809 36,584 14,223 12,002 25,628 17,689 2,424 478 677 3,838 10,272

1,427 73,966 76,109 36,584 19,940 19,585 271,876 21,1715 4,282 494 762 4,540 11,097

51,298 1,827,665 1,873,278 395,326 386,530 1,091,422 650,983 562,769 295,789 5,408 16,469 53,176 191,927

52,725 1,901,631 1,949,387 431,910 406,470 1,111,007 678,859 583,944 300,071 5,902 17,231 57,716 203,024
100.0% 48.1% 26.2% 25.7%

100.0% 20.2% 2.3% 3.6% 21.5% 52.4%
100.0% 22.1% 20.9% 57.0%

100.0% 51.4% 1.0% 2.9% 9.9% 34.8%

3.9% 3.9% 8.5% 4.9% 1.8% 4.1% 3.6% 1.4% 8.4% 4.4% 7.9% 5.5%

96.1 96.1 91.5 95.1 98. 95.9 96.4 98.6 91.6 95.6 9.1 94.5

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
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Exhlbit No., 22
Page 1 of 2

Manufacturing Workers Covered by 0Old-Age and
Survivers Insurance by Industry Groups

Industry Group
Mld-March 1948

Food and Kindred Products

Tobaceco Manufactures

Textlile M111 Products

Apparel, Fabric Products,
ete.

Lumber and Wood Products

Furnliture and Flxtures

Paper and Allied Products

Printing, Publishing, etc.

Chemicals and Allied
Products

Products of Petroleum and
Coal

Leather and Leather
Products

Stone, Clay, and Glass
Products

Primary Metal Industries:
Iron and Steel Foundrles
Primary Smelting and Re-

fining, nonferrous

Nonferrous Foundrles

Total Primary Metal
Industries

Fabrlcated Metal Products:

Heaters, Plumbers' Sup-
plies, etc.

Fabricated Structural
Metal Products

Metal Stamping, Coating,
Engraving

Miscellaneous Fabricated
Metal Products

Total Fébricated
Metal Products

Entire State

Sebastian County

Number of Percent

Number of Percent

Employes of Total Employes of Total
8,154 11.12% 1,116 19.18%
10 .01 - -

1,808 2.46 - -
3,410 4.65 127 2.18
32,754 44.65 247 4,25
4,195 5.72 1,907 32.77
3,265 4,45 - -
2,292 3.12 351 6.03
3,375 4,60 169 2.91
2,427 3,31 - -
2,287 3.12 - -
2,725 3.71 1,008 17.32
123 .17
871 1.1¢
15 .02
1,009 1.38%
347 .47 55 0.94%
27 .04 12 .21
158 .20 - -
598 0,.82% 67 1,15%



Exhlibit No. 22
Page 2 of 2

Manufacturing Workers Covered by Old-Age and
Survivors Insurance by Industry Groups

Entire State Sebastian County
. Industry Group Number of Percent Number of Percent
Mid-March 1948 Employes of Total Employes of Total
Machinery (except
electrical) 269 0.37% -
Transportatlion Equlpment:
Motor Vehicles and
Equipment 1,564 2.13
Ship and Boat Bullding,
Repairing 97 .13
Transportation Equipment,
n.e.c. 131 .18
Total Transportatlion
Equipment 1,792 2.44%
. Instruments, etc. 1,810 2.47
Miscellaneous Manufacturing ,
Industries 931 1.27 77 1.32%
Unaccounted for and added
. to balance total 243 .33 750(A) 12.89
Total Manufacturing 73,352 100.00% 5,819 100.09%

Note: (A) Industries with 1 or 2 employes not classified but
wilth 100-499 employes 1in Primary Smeltling and
Refining and Cutlery, Tools and Hardware.

Ark
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Exhibit No. 24

Number of New Coal Mine Employes Necessary
To Preduce Fuel Requlirement of a Typical Unit Plant
after Diverslion of a Portion of Present Production Capacity
in the General Area %o the Unlt Plant

Produc- Number
Number tivity of
Coal of per Men
Production Working Man-day Working
(Tons) Days (Tons) Daily

Bef'ore Introduction of
Unit Plant (1948)

Total 2 Countles
(One General Area):

At present conditions 796,911 180 4,23 1,044
Production capacity at

240 working days per year 1,059,869 240 4.23 1,044
Increase 1In capacity at

240 days over present 262,958

After Introduction of Coal
Synthine Unit Plant

Fuel requirement of unilt

plant 1,684,615
Less Increase in capacity,
240-day basils 262,958

Balance, production
required of assoclated

mine 1,421,657

Number of new operational

workers 240 5.00 1,185
Vacations, illness, etc. (10%) 119
Total operational employes R 1,304
Administrative employes (5%) 65
Total new coal mine employes

required " 1,369
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Exhibit No. 40

Estimated Coal Synthine Unit Plant Construction Costs
and Requlred Total Inltial Investment
Plant near Caseyvilille, Ky., using
W. Kentucky Bltuminous Coal

(Based on Preliminary Estimates of the U.S. Bureau of Mines)

10,000-harrel-per-day Plant
Subdivlsions of Total Plant Using Coal
(As of March 1, 13850)

Synthesis Gas Production Sectlon:

Coal Preparation $ 2,995,000
Gas Generation 8,330,000
Gas Purification 3,780,000
Oxygen Production and Compression 21,700,000
TPotal Synthesis Gas Production
Section $36,805,000
Synthesis and Other Processing Sectlon:
Synthesis ‘ $11,100,000
Catalyst Preparation and Cooclant 01l
Clean-up 250,000
Distillation and Gas Recovery 7,350,000
Polymerization 875,000
Catalytic Reforming and Cracking 1,365,000
Waste Recovery and Disposal 1,000,000
Total Synthesis and Other
Processing $21,940,000
General and Auxiliary Plants Section:
Tankage $ 2,100,000
Power Plant 3,570,000
Plant Ufilities 9,660,000
Plant PFacillitiles 1,730,000
Total General and Auxiliary Plants $23,060,000
Total Plant Construction Cost $81,805,000
Interest during Construction 2,455,000
Depreclable Investment $84,260,000
Operating Capital 4,000,000
Total Investmenf entitled to Return $88,260,000
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Estimation of Operating Capital

Coal Synthine Unit Plant in Arkansas

(As of March 31, 1950)

Costs per Calendar Day

Coal:

Mine Investment (Thousands)
Daily Plant Consumption (Tons)
Cost per Ton

Daily Cost excluding Return
Daily Return on Investment @ 4%

Daily Coal Cost including Return

Water:

Water Investment (Thousands)
Annual Cost

Daily Cost excluding Return
Daily Return on Investment @ 5%

Daily Water Cost including Return

Catalysts
Total Raw Material
Total Direct and Indlrect Costs

excluding Raw Material (A)

Operating Capltal
Cosﬁ of 30 days' coal supply at rated

capacity operation’

Cost of direct materials and water for one-half
year operation at average 25 percent capacity
All other operating costs for one-half year

(except fixed costs)
Total

Note:
(4)

Less Make-up Water

Balance Direct and Indirect Costs

excluding Raw Materilal

Exhibit No. 41

Sebastlan-
Scott
Generql Area
of, Cozal
and Water
Avallablility

$ 9,262
4,615
5.28

24,367
1,015

25,382

3,941
193,800

531
540

1,071
1,200
27,653

<R SRt £n -&ngn- B R R

16,451

731,010
1,261,668

3,002,308
$4,994,986

From Contractor's Estimate of Processing Costs -
Total Direct and Indirect Costs
Less Direct Materials (Coal and Catalysts)

$ 42,549
25,567
531

$ 16,451
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Exhibit No. 42
Page 1 of 3

Methods Used in Preparation of
Estimates of Daily Production Costs
For a Typical Coal Synthine Unit Plant
in Contlinental Unlted States
(Based on Preliminary Data from the U.5. Bureau of Mines)

Direct Labor:
Direct labor (75 men per shift), as estimated in detail by
individual functions (A)
Supervisory personnel 10 percent of direct labor personnel (A)
Total labor personnel 4.5 times (average) personnel per shift (A)

Direct labor wage rate (at Caseyviiie, Ky., first quarter 1950) -
average, all classifications, $1.75 per hour (A) |

Cost of supervision 15 percent of labor cost (A)

Plant Maintenance Labor and Supervision:
Total annual cost of maintenance labor and supervision 2 percent
of plant cost, erected (cost as of March 1, 1950) (A)

Maintenance labor personnel 420 men, approximately 5/4 of direct
labor personnel (A) )

Supervisory personnel 10 percent of malntenance labor personnel(A)

Total maintenance labor personnel 4.5 times (average) personnel
per shift

Total maintenance labor cost 100/115 of total dally cost
1/365 of annual cost) of maintenance labor and supervision
as above)

Cost of supervision 15 percent of labor cost (A4)

Plant Maintenance Materilals:
Per year, 1 percent of -plant cost erected (A)

Payroll Overhead: ‘
12-1/2 percent of direct labor and supervision and malntenance
labor and supervision (A)

Operating Suppliles:
20 percent of maintenance labor, supervision, apd materials (a)
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Exhibit No. 42
Page 2 of 3

Methods Used in Preparation of
Estimates of Dally Production Costs
For a Typical Coal Synthine Unlt Plant
in Continental United States

(Based on Preliminary Data from the U.S. Bureau of Mines)

Total Indirect Costs (general administrative,
office overhead, and indirect operating costs):
50 percent of dlrect labor and supervision, plant malntenance
labor, supervision and materials, and operating supplies (A)

Indirect Labor:
Total indirect labor personnel (wage earnersg 12 percent of total

wage earners (including indirect labor) (A

Indirect labor wagé rate (at Caseyville, Ky., first quarter
1950) - average, all classifications, $1.64 per hour (A)

Total dally payments to indirect labor, 1/365 of annual cost at
2,080 hours per year, per man (B)

Coat of supervision, none (supervision provided by salaried
personnel)

Indirect Salaried Personnel:
Average salary rate $3,600 per year (A)

Total indirect salaried personnel, number of employes at $3,600
per year payable from a sum equal to 50 percent of total
indirect costs less payments to indirect labor (A)

Other Indirect Costs:
Balance remalning after deducting from total indirect costs
(as above) the sum of payments to indirect labor and
indirect salaried personnel (also as above)

Local, County and State Taxes and Insurance:
Per year 1 percent (A) of depreciable investment (plant cost

erected plus interest durlng construction)

Depreclation: . .
15-year straight line; per year 6-2/3 percent (A) of depreciable

investment



Exhiblt No. 42
Page 3 of 3

Methods Used in Preparation of
° Estimates of Dally Productlion Costs
For a Typlcal Coal Synthine Unit Plant
in Continental Unlfed States

(Based on Preliminary Data from the U.S. Bureau of Mines)

References: ‘
(A) Memorandum, U.S. Bureau of Mines Synthetic 0il Plant,
Louisiana, Mo., March 8, 1950:
"Fischer-Tropsch Commercial Liquid Synthetic Fuel
Plant - 10,000 Barrels per Day Estimate".

(B) R.I. No. 4564, U.S. Bureau of Mines, August 1949:

"Estimated Plant and Operating Costs for Producing
Gasoline by Coal Hydrogenation".
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Exhibit No. 43
Page 1 of 2

Methods Used in Preparation of
Estimates of Dally Operating Costs
For Ccal Synthine Unit Plants
in Arkansas as of March 31, 1950

Direct Materials:
Coal, from section of report entitled "Coal"; for example,
4,615 tons at $5.28 per ton.

Catalysts and Chemicals, same cost as estimated by Bureau of
Mines.

Direct Labor:

Wage earners,*dally cost estimated by Bureau of Mines multiplied
by ratio of $1.48 over $1.73. $1.48 represents estimated
average stralght-time hourly wage rate payable to wage earners
(exclusive of supervisors) in synthetic liquild fuels plants in
Arkansas as developed 1n the sectlon of this report entitled
"Labor". $1.73 represents the welghted average hourly wage
rate of wage earners (exclusive of supervisors) as used in the
Bureau of Mines estimate of operating costs 1n a typlcal coal
synthine unlt plant.

Supervisors, 15 percent of daily cost of wage earners.

| Plant Malntenance Labor and Supervision:
Wage earners, dally cost estimated by Bureau of Mines multiplied
by ratio of $1.48 over $1.73, as developed under direct labor.

Supervisors, 15 percent of dally cost of wage earners.

Plant Maintenance Materlals:
Per Year, 1 percent of plant construction cost.

Payroll Overhead: .
12-1/2 percent of direct labor and supervision and maintenance
kk labor and supervision.

k]
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Exhibit No. 43
Page 2 of 2

Methods Used in Preparation of

. Estimates of Dally Operating Costs
For Coal Synthine Unif Plants

in Arkansas as of March 31, 1950

Operating Supplies:
20 percent of maintenance labor, supervlision, and materlals.

Total Indirect Costs (general administrative, office
overhead, and indirect operating costs):
50 percent of direct labor and supervision, plant
maintenance labor, supervision and materlals, and
operating supplies.

Indirect Labor:
Dally cost estimated by Bureau of Mines multiplied by ratio
of $1.48 over $1.73 as developed under direct labor.

Indlrect Salaried Personnel:
As estimated by Bureau of Mines.

Other Indirect Costs:
Balance remaining after deducting from total indirect costs
(as above) the sum of payments to indirect labor and
indirect salaried personnel (also as above).

Local, County, and State Taxes:
Per year, 1 percent of depreclable investment (plant construc-
tion cost plus interest during construction).

Deprecigtion:
15-year, stralght-line; per year 6—2/3 percent of depreclable

investment.
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Exhibit No. 44
Page 1 of 2

Summary of Capltal Investment, Operating Costs
and Requirement for Each Percent of Gross Return on Investment
for One 10,000-barrel-per-day Coal Synthine Unit Plant in Arkansas
(As of March 31, 1950}

Sebastian-Scott
(leneral Area

¢ Capital Investment ($1,000's)
Raw Material (Coal) $ 9,262
Water, Process 3,941
Other Processing (A) 89,255
Access Transportation 124
Product Transportation (F)
Waste Disposal (Solids) 684
Subtotal $103,266
Housing (B) 16,216
Total $119,482
Operating Costas, exclusive of Return on Investment,
in Dollars per Barrel of Products (C)
Raw Material (Coal) $2.44
. Water, Process .05
Other Processing (D) 3.54
Access Transportation H
Product Transportation F
, Waste DPisposal (Solids) .04
Subtotal $6.07
Housing (G)
Total (E) - per barrel $6.07
- per gallon $0.145
Dollars per Barrel Required for Each Percent
of Gross Return on Capital Invegtment (C)
Raw Material (Coal) $0.025
Water, Process .011
Other Processing .245
Access Transportation H
Product Transportation F
Waste Disposal (Solids) .002
Subtotal $0.283
Atk
Housing . 044
3
Total - per barrel $0.327
70021

(See following page for footnotes)
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Exhibit No. 44
Page 2 of 2

Summary of Capital Investment, Operating Costs
and Requlirement for Each Percent of Gross Return on Investment
for One 10,000-barrel-per- dfz_Coal Synthine Unit Plant in Arkansas
M

(As of March 31, 1350)

Note: (A) Includes plant erection cost,interest during construction,
and operating capital.

(B) Exclusive of capital invested in commerclal facilities,
one-half of residential housing assumed sold ‘to em-
ployes and domestic water supply.

(C) Individual costs sometimes adjusted in last diglt to
agree wilth total.

(D) See text of "Processing Costs" for details of items in-
cluded.

(E) Exclusive of domestic water supply and housing, assumed
offset by a portlion of water rents and residential
housing rents.

(F) Product transportation; i.e., the cost of moving prod-
ucts to distant markets has not been consldered for
those General Areas with adjacent local marketing
territory capable of absorbing the output of a unit
plant.

(G) Operating costs offset by a portion of rentals paid by
occupants of dwelling units.

(H) Less than 0.5 mills.
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APPENDIX A

DESCRIPTION OF COAL TRADE DISTRICTS
IN ARKANSAS



rk

0021

APPENDIX A

DESCRIPTION OF CCAL TRADE DISTRICTS
IN ARKANSAS

The Bonanza-Jenny Lind district is located in northern
Sebastlan County along The north flank of a comblned anticline and
thrust fault which forms a barren strip extending ln an east-west
directlon across the northern portion of the county. The Lower
Hartshorne bed ranges from less than 3 feet to over 4 feet along its
outerop In this distrlet and has been extensively depleted along the
outcrop for dlstances of one mlle or more down the dip of the bed.
These operatlons were conducted by slopes, shafts, or by comblna-
tlons thereof.

The Excelslor-Greenwood district is located along the
southern 1imb of the barren area which rorms an east-west strip
across the northern portion of Sebastian County. The rates of dip
along portions of the outecrop in this district are steep so that
while the outerop has been extensively depleted, the depth and dis-
tance of underground operations away from the outcrop are relatively
small.

The Hartford-Huntington district 1s located in the south-
ern portion of Sebastian County where The Lower Hartshorne bed has
been extensively worked by both underground and stripping operations.
The coal in this district generally ranges from 3 ft O in. to 5 ft
0 1in. in thickness.

The Bates district occurs in northwestern Scott County
where the Lower Hartshorne bed outcropping along the southern flank
of Poteau Mountain has been mined to a relatively limited extent by
both underground and stripping operations. The bed in this district
is relatively thick near the Oklahoma-Arkansas State line, but splits
into individual benches separated by thick partings toward the north-
east.

The Charleston district 1s located largely 1in southern
Franklin County where the Charleston hed, with thicknesses averag-
ing less than 2 ft 0 1n., outerops around the flanks of three syn-
clines of various sizes. Operations have been conducted by both
underground and stripping methods.

The Paris district 1s located in north-central Logan
County where the Paris bed outcrops persistently around a relatively
small syncline, with its thickness averaging less than 2 ft O in.
The bed has been extensively depleted by both stripping and under-
ground operations.




The Scranton district is located in northeastern Logan
County where the Spadra coal hbed extends southward across the
Arkansas River from the main Spadra district in southern Johnson
County. In Logan County, the Spadra bed is relatlvely unmapped and
unmined, with but few measurements and locations to indicate its
existence.

The Denning-Coal Hill district 1s located on the northern
side of the Arkansas River 1n southeastern Franklin and southwestern
Johnson Counties. In this area, the "Denning bed ranges from less
than 2 ft 0 in. to a maximum of 3 ft O in., but has bheen widely
mined by both underground and stripping operations. The Denning bed
is correlated with the Ilower Hartshorne bed of Sebastian and Scott
Countles.

The Philpott district consists of a relatively shallow but
narrow syncline, extending 1n an east-west direction from east-
central Franklin County into western Johnson County. Although ex-
tensively mined, largely by stripping operations, the Denning
(Spadra) bed in this district averages less than 2 ft 0 in. in thick-
ness.

The Spadra district, located south of Clarksville in south-
ern Johnson County, consists of a large area underlalin by the Spadra
bed, which is correlated with the Lower Hartshorne bed of Sebastlan
and Scott Countiles. The Spadra bed ranges from less than 2 ft O 1n.
to a2 maximum of 4 ff O in. and has been widely mined by both under-
ground and stripping operations, largely 1n areas of thicker coal
ocecurrence.

The Ouita and Shinn Basins represent the easternmost pro-
Jections of tThe wesT-central Arkansas coal field in western Pope
County. The coal bed in this county is of the same stratigraphic
horizon as the Spadra and Lower Haritshorne beds in the central and
western portlions of the Arkansas coal field. The bed 1s variable in
thickness, but has been extensively mined around the outcrop. Both
basins are small in extent.
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APPENDIX B

REPORT BY DeGOLYER AND MacNAUGHTON
ON
NATURAL GAS IN ARKANSAS
AS OF JANUARY 1, 19459

SUMMARY

The purpose of this report is to investigate and determine
the nature and extent of natural gas deposits in Arkansas in con~-
nection with a nationwide synthetic liquid fuel survey.

The natural gas investigation included a study of all of
the gas and oll fields In Arkansas with especial reference to the
quantity of gas to be recovered, the gas avallable for a synthetilc
l1igquld fuels plant, and the cost of gas in the fleld. The map,
Exhiblt No. B-1, accompanying this report, shows the o0ll and gas
flelds and main natural gas plpe lines in Arkansas. Data relating
to the o0l1l and gas flelds and the natural gas reserves 1n Arkansas
are tabulated in Exhibit No. B-2. These data are presented and dis-
cussed in the report.

Data relating to reserves of natural gas Iin Arkansas, which
have an average heating value of 1,022 Btu under standard condil-
tions, are briefly summarized in the following table:

Summary of Estlmated Recoverable Natural Gas Reserves
in Arkansas
(In McT under 3tandard conditions)

As of Jan. 1, 1949

Total 1,057,715,000
Commercial Requirements:

Contract 907,025,000

To Be Used in Field 113,390,000

Total Commercial Requlrements 1,020,415,000

Undedicated Reserves:

Proved Drilled 33,000,000

Proved Undrilled 4,300,000

Probable 0

Total Undedlicated Reserves as of
Jan. 1, 1948 37,300,000




The weighted average field price for gas under contract
in Arkansas ranged from 2.3 to 5.5 cents per Mcf, depending upon
the field under consideratlon and the life of the contract, as
shown on Exhibit No. B-3.

As shown by the above table, most of the gas reserves
are under contract to gas plpe lines or plants for domestic, com-
merclal, and industrial use.

None of these deposits of natural gas could be consldered
an available reserve for the purpose of this study. The total un-
dedicated gas reserves 1in all of Arkansas of 37,300,000 Mcf are
less than the minimum reserve requlrements for the purpose of this
study; 1.e. undedicated deposits contalning at least 225 trillilon
Btu producible within a radius of 40 miles and having a heating
value of not less than 400 Btu per cubic foot at standard condi-
tions. Considering the heating value of the gas to be in the order
of 1,000 Btu per cubic foot, the magnitude of avallable gas re-
serves to meet minimum requirements for a2 synthetic liquid fuel
plant would be 225,000,000 Mcf.

In the largest gas field in Arkansas, the McKamie-Patton
field located in the southwestern part of the State, the remaining
gas reserve 1s estimated to be 214,000,000 Mcf. The principal gas
accumulation in this field exlists in a large gas cap partially en-
circled by a band of oil. For purposes of maximum oil and con-
densate recovery a program of gas injJection 1s 1n operation. The
gas reserves in this fileld will not be avallable for any purpose
until the program of gas InjJection has been completed. At that
time, most of the gas will be sold to gas pipe lines under con-
tracts now exlsting.

It is, therefore; concluded there are no undedicated re-
serves of natural gas in Arkansas presently avallable for synthetile
ligquid fuels plants. Discoveries of new flelds and extensions of
known flelds in the interim between January 1, 1948 and the date
of thls report warrant no changes in thls conclusion.
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PART I - INTRODUCTION

Authorization

This Investigation and report on natural gas deposits in
Arkansas have been made as a part of that authorized by a contract,
dated June 1, 1949, between Ford, Bacon & Davis, Inc. (called the
Contractor) and DeGolyer and MacNaughton (called the Subcontractor).
The contract is identifled as Subcontract No. 2 of the Principal
Contract No., W 49-129 eng-137, dated May 3, 1949, between the
United States of Americs and Ford, Bacon & Davis, Inc., designated
as the Contractor. The subcontract was duly approved for the Govern-~
ment by a Contracting Offilicer.

Purpose and Scope of Report

The purpose of the lnvestigation is to present an inventory
of natural gas reserves, or deposits that meet minimum standards as
to quantity, quality, and occurrence as later defined herein.

The lnvestigation and report have been confined to a gen-
eral determination of the nature and extent of natural gaa deposlts
in Arkansas, and conclusions as to thelr sultabillity or unsultability
for the manufacture of synthetlc liquid fuels, Such a report is re-
gquired for a state in which present information indicates that pro-
duction of synthetic liquid fuels from existing raw materials is not
feasible at the present or near future time (due among other possible
causes to excesslve raw material costs or existing commercial re-
quirements in excess of poasible production) even though such de-
posits may technically meet the minimum requlrements.

The study included the collection of available basic data,
the preparation of maps, and the determination of factors necessary
to estimate the gas reserves by horizons ln each oil and gas fleld
in Arkansas; the estimation of the reserves; and the determina-
tilon of the sultabllity and avallabllity of the reserves for syn-
thetic liquid fuels manufacture. No detailed field investigations
were made.
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PART II - GENERAL

Definitions Relating to Natural
Gas and Gas Reserves

Natural Gas - Natural deposits of a combustlble gas that
occur 1ln porous strata of the earth and conslst of a mixture of
hydrocarbon gases composed principally of methane, small quantities
of ethane, and which very often contaln small quantitles of other
heavier hydrocarbon gases such as propane, butane, pentane, and
hexane; usually having a heating value of about 1,000 Btu per cubic
foot at standard conditions, which value may vary considerably de-
pending upon the contained percentage of nitrogen and other inert
gases.

Heating (or Calorific) Value - Heat (gross) resulting from
combustion of fuel, expressed for natural gas as Btu per cubic foot
at standard conditions.

Standard Conditlons - For natural gas, commonly 14.65
pounds per square inch absolute pressure and 60° F temperature.

Minimum Gas Reserves - Deposlits of natural gas are not
consldered reserves for the purpose of thls study unless they con-
taln at least 225 trilllon Btu in natural gas produclble withln a
radius of 40 miles and with a heating value of not less than 400
Btu per cuble foot at standard conditions.

Estimates of Natural Gas Reserves - The quantlties 1in each
of the categories of "proved drilled", "proved undrilled”, and
"probable" are calculated assuming standard conditions.

(a) Proved drilled reserves - Those reserves of natural
gas which will be produced from existing wells.

(b) Proved undrilled reserves - Those reserves of natural
gas proved by existing wells and other data, but
which will be produced from new wells as yet un-
drilled.

(c) Probable reserves - Those reserves of gas indicated
to be present by existing wells and other data, and
which are classified as probable rather than proved
due to the nature or scarcity of the data, or the
Inabillty to reach definlite conclusions from the
avallable data.

Non-Assoclated Gas - Free gas not 1n contact with
crude oil.




Assoclated Gas - Free gas in contact with crude oil.

Dissolved Gas - Gas 1n solution in erude oil.

Avallabillty of Natural Gas Reserves - From the view-
point of avallabIIIty of natural gas reserves, the quantity re-
maining after allowance for present commercial and industrial re-
gquirements. Availlable reserves are considered sufficlient for one
or more plants. when there 1s a recoverable amount sufficient to
supply a natural gas synthine plant with a capacity of 5,000 bar-
rels of synthetic liquid fuels per day for a perlod of 20 years
of whileh 10 years' supply is8 from primary reserves and the addi-

tional 10 years' supply is from either primary or secondary re-
serves.

(a) Primary Reserves - Deposits contalning at least
225 trlillion Btu producible from gas wells with-
in a radius of 20 miles, wlth a minimum heat value
of 700 Btu per cublic foot at standard conditions.

(b) Secondary Reserves - Deposits containing at least
225 trilTion Btu producible from gas wells within
a radius of 40 miles, with a minimum heat value of
400 Btu per cublc foot at standard conditions.

Unlt Plant or Unit Capacity - A synthetic liguld fuels
plant for processing natural gas by The synthine process with a
production capaclty of 5,000 barrels of liquld fuel products per
day. Such a plant would require 55,000,000,000 Btu daily or
55,000 Mcf of 1,000 Btu gas. It would consume 20,075,000 Mcf of
1,000-Btu gas annually and would require a reserve of such natural
gas of 401,500,000 Mcf over a 20-year period. The estimated cost
of a 5,000-barrel plant (taken at one-half the amount estimated
by the U.S. Bureau of Mines for a 10,000-barrel plant) is
$30,000,000, Such a plant size is adopted in the survey for
comparative purposes and 1s not necessarily the most efficlent
size for an 1ndependent plant.

A Suitable General Area - As considered herein, an area
not larger than a county or 1,000 square miles, depending on the
local conditions, with natural gas reserves and water supply
adequate for at least one unit gas synthine plant, and with other
satisfactory qualifications as to labor supply, housing, power
supply, and transportation.

Avallable Sources of Informatlon

Data for this study were obtained from files of the Sub-
contractor, from public records of the Federal Power Commlssion,
from oll and gas companles operating in the State and from records
of the Arkansas 011 and Gas Commission.
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Reference has been made to principal publications on
natural gas in Arkansas with particular attention to publications
. of Federal and State authoritles. Important publicatlions consulted
are listed 1n the bibliography, Exhiblt No. B-4.

‘Personnel of natural gas companies and geologists familiar
. with geologic formations 1n Arkansas were interviewed. The coopera-

ticn and assistance of 1ndividuals listed in Exhiblt No. B-5 are
gratefully acknowledged.
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PART III -~ STUDY OF SURVEY DATA

History of the Natural Gas Industry in Arkansas

In the early part of 1887, the Choctaw 0il and Gas Com-
pany drilled to a depth of 1,400 feet, the first recorded test well
for gas in the town of Fort Smith in northwestern Arkansas. Al-
though the well encountered shows of gas it was abandoned as dry.
In 1902, the Choctaw 0il and Gas Company discovered the first com-
merclal gas fleld in Arkansas with the completion of the Duncan No.
2 well near the town of Mansfield In northwestern Arkansas. This
well was drilled to a total depth of 1,125 feet, and inltial pro-
duction was estimated at 960 Mcf of gas per day. This field was
known as the Mansfield gas fleld.

The first commercial gas discovery in southern Arkansas
was in April 1920, when the Constantin Refining Company completed
the No. 1 Hill well in Union County, from the Nacatoch sand at about
2,250 feet, The estimated initial open flow was 60,000 Mcef per day.
This fleld was the El Dorado fleld. A year later 1in January 1921,

a well drilled in this fleld, the No. 1 Armstrong was completed mak-
ing 35,000 Mef of gas and 10,000 barrels of oil and water per day.
This large o0ll producer stimulated additional exploratory drilling,
and 1n 1822 the prolific Smackover oil field was discovered. As of
January 1, 1949, this field had produced almost 420,000,000 barrels
of oll.

These discoveries caused an extensive exploration and de-
velopment program, and 1t is estimated that as of January 1, 1949,
some 11,600 wells had been drilled for oil or gas, resulting in the
discovery of 53 o0il fields and 20 gas fields, and the production of
some 755,000,000 barrels of oil and an estimated amount of gas in
excess of 1,000,000,000 Mcf.

The reported annual production of gas from Arkansas had in-
creased from less than 800,000 Mef in 1907 to 43,566,000 Mef in 1926
and to 73,678,400 Mcf 1n 1948. There were 352 wells drilled or re-
completed in 1948, of which 167 were dry holes, 19 were gas wells,
and 166 were oil wells. '

Gas was initially utillzed in Arkansas for heating and
lighting purpcoses in the towns of northwest Arkansas as a result of
the gas discovery 1n 1902. The development of the gas and oil
flelds in southern Arkansas caused an expansion in the gas trans-
mission lines in Arkansas, and an increase in the number of domes-
tiec, commercial, and industrial consumers.

Most of the gas in southern Arkansas is processed through
gasoline plants before being sold to pipe line companies. About
61,000,000 Mcf of gas was processed in 10 gasoline plants in southern
Arkansas durlng 1948. 1In addition, about 10,000,000 Mcf of gas was
used as raw materlial and fuel 1n an anhydrous ammonia plant.



The principal purchasers of gas 1n Arkansas are the
Arkansas-Loulsiana Gas Company, the Llon 0il Refining Company, .
the Arkansas Power and Light Company, the Arkansas-Oklahoma Gas
Company, and the Arkansas Western Natural Gas Company.

General Geology and Natural Gas Reservolirs

Arkansas is divided 1nto two princlpal geologic regions,
the hllly Paleozoic region in the northwest and west, and the Gulf
Coastal Plain region in the east and southwest. Beglnning at the
eastern limit of the exposed Paleozolc formations, the sediments
of the Gulf Coastal Plain dip gently in a southeasterly and south-
ern direction with the thickness of the sediments lncreasing toward
the south. The Paleozolc region is characterized by deeply dis-
sected plateaus, the Fredricksburg- Ouachita Mountain System, and
the broad east-west trending Arkansas Valley.

The principal o0il and gas fields in Arkansas have been
found in southern Arkansas in sands or limes of Cretaceocus or
Jurasslic age. The principal gas accumulations are found in the
Reynolds lime of Jurassic age at depths of 7,000 to 92,000 feet with
initial reservolr pressures ranging from 3,500 to 4,400 psi. The .
gas flelds in the northwest produce from formations of either
Pennsylvanlan or Ordovician age, and are found mostly in the valley
of the Arkansas River.

The formations having the best possibilities for future
gas production are sands cf Cretaceous age, sands of the Cotton Val-
ley series, and limes of Jurasslc age, all occurring in southern
Arkansas. In northwestern Arkansas additional gas will probably
be found in sands of Pennsylvanlan age, and in llimes of Ordovicilan
age.

Gas Well and Production Data

During 1948, natural gas in substantlal quantities was
produced from 300 gas wells and from 2,629 oll wells. In addition,
33 gas wells and 25 oll wells capable of productlon were not pro-
duced.

All the dry gas fields in northwestern Arkansas have pipe .
line outlets. Lilkewlse, the gas produced from the oll and con-
densate flelds iIn south Arkansas 1s under contract to gas pipe llne

companles or plants operating wlthin the State. Ar
The reported dally average net amount of gas produced in Bl

Arkansas during 1948 was 1n the order of 176,000 Mcf. Of this

amount, about 16,000 Mcf were produced from the dry gas fields in 1

northwest Arkansas, and about 160,000 Mcf from the oil and con- 700

densate flields in south Arkansas.



Gas Purchase Contract Data

Most of the dedicated gas is under contract for a term of
10 years and from year to year thereafter. The average price per
Mcf of gas over the life of the contracts varies from 2.3 to 5.5
cents, depending upon the fleld under consideration. Data concern-
ing the principal gas purchase contracts 1n effect are shown in
Exhiblt No. B-3.

Estimatlon of Natural Gas Reserves

Gas reserves of the fields in this State have been esti-
mated by the volumetric and pressure-cumulative production decline
methods. For each reservoir of major consequence, a structural map
and an 1sopachous map of net productlive thickness were used to ob-
taln the net effective volume. Data concernling the physical char-
acteristics of the reservoir and the gas were used to estimate the
volume of gas reserves. Where possible, reservoir pressure-cumula-
tive production decline curves were utilized. Recovery factors or
abandonment pressures were estimated for each reservoir, depending
on the primary type of energy mechanism in the expulsion of gas from
the reservoir, the deliverabllity characteristics of the wells, and
the slze of the gas fileld.

The estlmates are divided into categories of "proved
drilled", "proved undrilled", and "probable" reserves and are cal-
culated assuming standard conditions to be a pressure of 14.65 psi
and a temperature of 60° F. '

The following table is summarized from Exhibit No. B-2:

Classification of Estimated Recoverable (Gas Reserves
ag of January 1, 1949 1n Mef

Undedicated
and Avallable
for Synthetic

Liquid Fuels

Total Manufacture
Ark Reserves

Bll Proved Drilled 997,335,000 33,000,000
40 Proved Undrilled 32,840,000 4,300,000
70021 Probable 27,540,000 0
Total 1,057,715,000 37,300,000

v Type of Gas
Non-Assoclated 179,025,000 25,000,000
Assoclated 541,750,000 9,300,000
Dlssolved 336,940,000 3,000,000
Total 1,057,715,000 37,300,000
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The principal remaining gas reserves are found in the
McKamie-Patton, the Magnolia and the Dorcheat-Macedonia fields,
in which the reserve is estimated to be 214,000,000 Mcf,
202,400,000 Mcf, and 184,000,000 Mcf, respectively. Otherfields
having substantial reserves are Village, Schuler, and Warnock
Springs.

Undedicated Natural Gas Reserves

Although the remaining recoverable gas reserve in
Arkansas 1is estimated to be 1,057,715,000 Mcf, most of this re-
serve is under contract to gas pipe line companies or plants for
a 10-year periocd, and a year to year perlod thereafter. In the
past, such contracts have generally been renewed at the end of
the primary term.

In the McKamie-Patton field the remaining gas reserve
is estimated to be 214,000,000 Mcf. The gas accumulation ex-
ists in a large gas cap partiaily encircled by a band of oil,
In order to maintain the reservoir pressure and prevent retro-
grade condensation of the liquids in the gas cap, a program of
gas injection is in operation. The gas reserves in this fileld
will not be available for any purpose until the program of gas
injection is completed. At that time most of the gas will be
sold to gas pipe lines under contracts now existing.

The undedicated reserves amounted to only 37,300,000
Mcf in all of Arkansas as of January 1, 1549. These reserves ex-
isted either in small gas fields or in o0il fields having minor
reserves of solution gas.

Ar
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PART IV - CONCLUSIONS

Data relating to remaining available reserves of natural
gas 1n Arkansas, which have an average heating value of 1,022 Btu
under standard condlitions, are brlefly summarized in the follow-
ing table:

Summary of Estimated Recoverable Natural Gas Reserves
in Arkansas
{In McT under Standard Conditions)

As of Jan. 1, 1949

Total 1,057,715,000
Commerclial Requirements:
Contract 807,025,000
To Be Used in Fleld 113,390,000
Total Commercial Requirements 1,020,415,000
Undedicated Reserves:
Proved Drilled 33,000,000
Proved Undrilled 4,300,000
Probable 0
Total Undedicated Reserves
as of Jan. 1, 1949 37,300,000

Most of the gas reserves are under contract to plants or
gas pipe line companles for domestic, commercial, and Industrial
use. The welghted average field price for gas under contract ranged
from 2.3 to 5.5 cents per Mcf, depending upon the field under con-
gslderation and the life of the contract.

The undedlicated gas reserve amounted to only 37,300,000
Mcef, s0 that there were no avallable undedicated reserves in Arkansas
as of January 1, 1949 contalnlng at least 225 trillion Btu
(225,000,000 Mcf of 1,000 Btu) gas producible within a radius of 40
miles and having a heating value of not less than 400 Btu per cubic
foot at standard condlitions.

In the McKamle-Patton fleld, although the gas reserves are
estimated to be 214,000,000 Mcf, they will not be available until
the present gas 1lnjection program is completed. At that time, most
of this reserve will be sold to gas pipe lines under exlsting con-
tracts.

It is tnerefore concluded that there are no undedicated re-
serves of natural gas 1n Arkansas presently avallable for synthetie
ligquid fuel plants. Discoveries of new flelds and extensions of
known flelds in the interim between January 1, 1948, and the date of
thls report warrant no changes In this conclusion.
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Exhibit No. B=2
Page 1 of 10

Location

Ashlox County
Felsenthal Field

Calhoun Count;
Hampton Field

Columbia County
Atlanta and West

State of Arkansas

Data Concerning Natural Gas Reserves

Total Atlanta and West Field

Columbia Coun
Buckner Field

Total Buckner Field

Calhoun Field

Total Calhoun Field

Columbia Field

Dorcheat-idacedonia Field

Total Dorcheat-lacedonia Field

Haynesville Field (A) (C)

NOTE:

As of
Jan 1, 194

Number of Wells as of l=1-l9

"Estimated
Name of Reservoir Average Additional

Year Producing Depth of Pressure(Psia) Heating Required for
of Dis- Series or Production As of Value(Btu Analysis of Gas(Percent) Producing Shut-In Development

covery  System (feet) Kind of Gas Original 1-1-l,9 Per Cu ft) Methane Ethane Sulphur Other Gas Oil Gas O0il Gas Oil
19,8 Jurassic 5,870 Dissolved 2,850 - 0 0 0 1 0 2
1943  Gulf 2,480 Dissolved 1,205 - 0 85 N =8 0 2
Field 19443 Jurassic 7,010 Dissolved 2,100 2,715 0 5 0 0 0 15
1938 Jurassic 8,210 Dissolved (3,835 2,590 1,006  98.16 0.92 0.0 0.92) 0 51 0 0 0 0
Associated ( 0 0 2 0 0 0

0 56 2 0 0 15

1946  Comanche 4,710 Dissolved 2,100 2,035 Q. HBE N R 0 0
1937 Jurassic 7,210 Dissolved 3,210 1,935 1,011 68.03 13.18 0.60 8.00 0 2L 0 0 0 0

Propane 10.19

e 0 0

19l Jurassic 8,260 Dissolved (3,465 2,920 0 3 0 1 0 0
Associated ( 0 0 0 0 0 0

0 5 0 1 0 0

1942 Jurassic 8,030 Non-Associated 3,765 3,765 0 0 2 0 0
1942 Jurassic 6,760 Associated (3,630 - 38 0 13 0 0 0
Dissolved ( 0 25 0 10 0 0

1939 Jurassic 8,830 Associated (L,260 1,900 1,081 77 .14 5.83 2.10: 8.23° O 0 T 0 0 0]
Disgsolved Nitrogen 5.70 0 0 0 0 0 0

s % B 10 0 0

1942  Comanche 5,400 Dissolved 2,360 705 1,308 @rils - 3.57 0 A i B et 0 0

(A) Gas Repressuring or Cycling Project in Operation

(B) Net Gas Production

(C) Water Flooding Project in Operation

Ark



State of Arkansas
Data Concerning Natural Gas Reserves Exhibit No. B=2
Ag of Page 2 of 10

———January 1, 1949

Gas Production Statistics in Thousand Cubic Feet

Estimated
Estimated Daily Gas
Deily Allow- Estimated Production .
Average able Produc- Total Qpen Aveilable Estimated Remaining Recoverable Gas Reserves Estimated Remaining Recoverable Gas
Daily tive Capacity Flow Capacities For a Syn- In Million Cubic Feet as of 1-1-L9 Reserves Available in Million Cubic Feet
Rate, 0f Shut=In 0f all Wells thetic Fuel Proved Proved Under To be Used L As of 1-1-lg 2,
19,8 Wells In Field Plant,l-1-L9 Drilled Undrilled Probable Total Contract In Field Drilled Undrilled Probable Total
0 0 0 0 50 0 Lo 90 0 90 0 0 0 0
16 0 100 0 50 10 0 60 0 €0 ' S 0 0 0
54 0 150 0 110 330 0 Ll 0 Lo 0 0 0 0
6,377 0 6,400 0 19,200 0 0 19,200 19,000 200 0 0 0 0
0 0 0 0 13,000 0 0 13,000 10,000 3,000 0 0 0 0
6,431 0 6,550 0 32,310 330 0 32,60 29,000 - 3,6l0 0 0 0 0
62 0 110 L5 1,500 0 0 1,500 0 500 1,000 0 0 1,000
3.8 0 610 270 2,600 0 0 2,600 0 600 2,000 0 0 2,000
L0 0 720 315 L4,100 0 0 L, 100 0 1,100 3,000 0 0
961 80 1,040 0 2,600 0 0 2,600 2,100 500 0 0 0
0 0 0 0 2,500 0 0 2,500 2,000 500 0 0 0
961 80 1,040 0 5,100 0 0 5,100 4,100 1,000 0 0 0
0 7,000 28,000 0 11,100 0 5,500 16,600 16,100 500 0 0 0
(22,96 13,000 61,000 0) 28,000 0 0 28,000 27,000 1,000 0 0 0
( ) 18,000 0 0 18,000 17,500 500 0 0 0
(l1,286 18,000 L4,00,000 0) 110,000 0 0 110,000 108,000 2,000 0 0 0
At ( ) __28,000 o i 0 28,000 27,000 1,000 0 0 0
63,782 31,000 L6ly,000 0 18L,000 0 0 18L,000 179,500 L4, 500 0 0 0

1,64, 0 1,700 0 5,500 0 0 * 5,500 5,000 500 0 0 0




Exhibit No. B2

Data Concerning Natural Gas Reserves

State of Arkansas

Page 3 of 10 As of
January 1, 1949
Number of Wells as of 1-1-L9
Estimated
Neame of Reservoir Average Additional
Year Producing Depth of Pressure(Psia) Heating Required for
of Dig- Series or Production As of Value(Btu Analysis of Gas (Percent) Producing Shut-In Development
Location covery System (feet) Kind of Gas Original 1-1-l9 Per Cu ft) Methane Ethane Sulphur Other Gas O0il Gas 0il Gas 0il
Columbia County (Cont'd)
Magnolia Field (C) 1943 Comanche 5,660 Dissolved 2,765 2,475 0 6 0 0 0 6
1938 Jurassic 7,350 Associated (3,480 2,795 1,059 65.12 13%.57 0.89 16.20) 0 0 0 0 0 0
Dissolved ( Cos L.22) -0 - 106 0 0 0 0
Total Megnolia Field 0 . 1i2 0 0 0 6
Village Pield 1946 Commanche L4,150 Associated (1,815 1,165 1,074 L.50 34.80 0 1.23) L 0 0 0 L 0
CO, 3.60)
2
Dissolved ( Nitrogen 16.00) 0 36 0 3 0 0
1946 Jurassic 5,430 Dissolved 0 9 0 0 0 3
1938 Jurassic 7,320 Associated (3,365 2,8l 1,352 8L.71 6.1% 0.56 L4.96) 0O 0 0 0 0 0
Dissolved ( COy B.6L) 0 L3 0 1 0 e
Total Village Field L 88 0 L L 11
Warnock Springs Field 1946 Jurassic 7,400 Non-Associated 2,915 2,880 1,075 77 .00 5.75 0.15 9.90) 5 0 0 0 5 0
Nitrogen 7.20)
Crawford Count
Alma Field (Shallow) 1916  Pennsylvanian 2,070 Non-Associated 3L5 80 I el T R 0
(Deep ) 1922 Pennsylvanian 2,600 Non-Associated Lo L5 3 0 0 0 0 0
(Bast ) 192, Pennsylvanian 2,400 Non-Associated 395 50 2 0 0 0 0 _0
Total Alma Field 9 0 0 0 0 0
Greenwood Junction Field 1927 Pennsylvenian 2,300 Non-Associated 210 30 L 0 0 0 0 0
Kibler Field (Shallow) 1915 Pennsylvanian 1,260 Non-Associated 235 60 1 0 0 0 0 0
(Deep ) 1915  Pennsylvanian 2,290 Non-Associated 280 60 11 0 0 s 1 0
Total Kibler Field : PR RN 0
Section 10 Field 1920 Pennsylvanian 2,440 Non-Associated 280 .00 L 0 0 0 0 0
Shibley Field (Shallow) 1926 Pennsylvanian 1,250 Non-Associated 235 30 0 0 i 0 0 0
(Deep ) 1927 Penngylvanian 2,630 Non-Associated 210 115 2 0 0 0 0 0
Total Shibley Field 2 0 L 0] 0 0

NOTE: (A) Gas Repressuring or Cycling Project in Operation
(B) Net Gas Production

(C) Water Flooding Project in Operation




State of Arkansas
Data Concerning Natural Gas Reserves

Ag of Exhibit No. B2
—————Jaguary 1, 1949 Page 4 of 10
Gas Production Statistics in Thousand Cubic Feet
Estimated
> Estimated Daily Gas
Daily Allow-  Estimated Production Estimated Remaining Recoverable Gas
Avergge able Produc- Total Open Available Estimated Remaining Recoverable Gas Reserves Reserves Available in Million Cubic Feet
Daily tive Capacity Flow Capacities For a Syn- In Million Cubic Feet as of'lgl-hg i 2 As of 1-1-l9
. Rate, Of Shut-In Of all Wells thetic Fuel Proved Proved Under To be Used Proved Proved
1948 Wells In Field Plant,l-1-,9 Drilled Undrilled Probable Total Contract In Field Drilled Undrilled Probable Total
622 0 2,000 0 1,600 1,800 0 3,400 3,000 Loo 0 0 0 0
(13,390 0 1L,000 0) 71,000 0 0 71,000 70,000 1,000 0 0 0 0
{4 ) 128,000 0 0 128,000 126,000 2,000 0 0 0 0
14,012 0 16,000 0 200,600 1,800 0 202,100 199,000 3,400 0 0 0 0
(3,350 300 3,700 0) 5,600 5,800 0 11,400 11,000 Lo 0 0 0 0
( )
( : ) 8,000 0 0 8,000 7,500 500 0 0 0 0
510 0 600 0 2,200 900 0 3,100 3,000 100 0 0 0 0
(6,490 150 6,700 0) 31,000 10,000 0 L1,000 L0 ,000 1,000 0 0 0 0
( ) 13,000 3,200 0 16,200 16,000 200 0 0 0 0
3 10,330 450 11,000 0 59,800 19,900 0 79,700 77,500 2,200 0 0 0 0
1,696 0 20,000 0 €0,000 0 2,000 L2,000 11,000 1,000 0 0 0 0
L7 0 200 0 Loo 0 0 Loo Loo 0 0 0 0 0
L 0 200 0 100 0 0 100 100 0 0 0 0 0
1l 0 120 0 30 0 0 30 30 0 0 0 0 0
105 0 520 0 530 0 0 530 530 0 0 0 0 0
5 0 20 0 20 0 0 20 20 0 0 0 0 0
16 0 80 0 120 0 0 120 120 0 0 0 0 0
216 0 1,300 0 1,200 0 0 1,200 1,200 0 0 0 0 0
0] 0 0] 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0




Exhibit No. B2
Page 5 of 10

Location

Crawford County (Cont'd)
Williams Field (Shallow)

(Deep )

Total Williams Field

Franklin County
Aetna Field

Beverly Field

Ozark Field (Shallow)
(Anderson)
(Deep )

Total Ozark Field
Vesta Field
White Oak Field

Johnson County
Clarksville Field

Lafayette County
Mars Hill Field

McKamie-Patton Field (A)

Total McKamie-Patton Field

Midway Field (C)

Spirit Lake Field

Total Spirit Lake Field

State of Arkansas
Data Concerning Natural Gas Reserves

Ag of
January 1, 1949
Number of Wells as of 1-1-L9
Estimated
Name of Reservoir Average Addi?ional
Year Producing Depth of Pressure(Psia) Heating : 3 Required for
of Dis~ Series or Production Ks of Value(Btu Analysis of Gas(Percent) Producing Shut-I? Development
covery System (feet) Kind of Gas Original 1-1-9 Per Cu ft) Nethane Ethane Sulphur Other Gas 0il Gas 0il Gas 0il
1916 Pennsylvenian 1,310 Non-Associated 350 70 5 0 0 0 0 0
1918  Pennsylvanian 2,150 Non-Associated 300 60 21 R e s
26 0 0 0 0 0
1928 Pennsylvanian 1,680 Non-Associated 655 110 | 0 0 0 0 0
1937 Pennsylvanian 2,590 Non-Associated L55 310 L 0 0 0 0 0
1938 Pennsylvanian 1,820 Non-Associated 685 125 1 0 0 0 0 0
1937 Pennsylvanian 2,170 Non-Associated 655 120 2 0 0 0 0 0
1930 Pennsylvanian 3,760 Non-Associated 890 2L5 RN o A 0 0
8 0 0 0 0 0
1932 Pennsylvanian 2,270 Non-Associated 540 210 9 0 0 0 0 0
193 Pennsylvanian 3,000 Non-Associated 1,010 900 20 0 0 0 0 0
1926 Pennsylvanian 2,450 Non-Associated 995 395 1,007 98.70 0.40 0 0.90 8 0 0 0 0 0
1947 Jurassic 9,030 Associated 2,365 2,100 2 0 g -0 2 0
1940 Jurassic 9,100 Associated (4,380 3,595 1,006  63.00 7.24 070 "~ 6.86) 21 Q@ oD 0 0
Dissolved ( CO0o L.30) O 10 0 0 0 0
Nitrogen 11.90)
21 10 0 0 0 o
g2 Jurassic 6,340 Dissolved 2,935 2,720 666 39.61 7.90 0 15.96) 0O L5 0 0 0 0
Nitrogen 36.53
1947 Comanche 3,730 Dissolved 1,660 8L0 0 11 0 0 0 5
1946  Comanche 4,100 Dissolved 1,800 1,350 0 9. 0 e TEE FeL
R T RS s 5
NOTE: (A) Gas Repressuring or Cycling Project in Operation

(B) Net Gas Production
(C) Water Flooding Project in Operation

Ark



Gas Production Statistics in Thousand Cubic Feet

State of Arkansas
Data Concerning Natural Gas Reserves
As of

———Jopuary 1, 1949 =

Exhibit No., B-2
Page 6 of 10

Egtimated
Estimated Daily Gas
Daily Allow- Estimated Production Estimated Remaining Recoverable Gas
Average able Produc- Total Open Available Estimated Remaining Recoverable Gas Reserves Reserves Available in Million Cubic Feet
Daily tive Capacity Flow Capacities For a Syn- In Million Cubic Feet as of 1l-1-L9 & s As of 1-1-49
Rate, Of Shut=In Of all Wells thetic Fuel Proved Proved Under To be Used Proved Proved
19l8 Wells In Field Plant, 1-1-49 Drilled Undrilled Probable Total Contract In Field Drilled Undrilled Probable Total
21l 0 1,500 0 900 0 0 900 900 0 0 0 0 0
L66 0 2,600 0 2,700 0 0 2,700 2,700 0 0 0 0 0
680 0 L4, 100 0 3,600 0 0 3,600 3,600 0 0 0 0 0
3 0 10 0 15 0 0 15 15 0 0 0 0 0
2l9 0 1,200 0 2,900 0 0 2,900 2,900 0 0 0 0 0
22 0 1,400 0 100 0 0 100 100 0 0 0 0 0
25 0 120 0 230 0 0 230 230 0 0 0 0 0
367 0 1,700 0 700 0 0 700 700 0 0 0 0 0
Lml 0 3,220 0 1,030 0 0 1,030 1,030 0 0 0 0 0
277 0 1,2l0 0 1,300 0 0 1,300 1, 300 0 0 0 0 0
7,720 0 35,000 0 53,000 0 0 53,000 53,000 0 0 0 0 0
L,170 0 23,000 0 15,000 0 0 15,000 15,000 (0] 0 0 0 0
952 0] 1,000 0 6,000 L, 300 0] 10, 3500 0 1,000 5,000 L, 300 0 9,500
(27,120 100,000 450,000 0) 20k4,000 0 0 20ly,000 161,000 Lo ,000 0 0 0 0
( ) 10,000 (0] 0 10,000 9,000 1,000 0] 0 0 0
27,120 100,000 150,000 0 21,000 0 0 21,000 173,000 41,000 0 0 0 0
Ark 7,800 0 8,000 0 30,000 0 0 30,000 28,000 2,000 0 0 0 0
391 0 Loo 0 800 200 0 1,000 0 1,000 0 0 0 0
625 0 700 0 1,200 0 0 1,200 0 1,200 0 0 0 0
1,016 0 1,100 0 2,000 200 0 2,200 0 2,200 0 0 0 0
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Location

Miller County
Cypress Lake Field

Fouke Field

Rodessa Field

Total Rodessa Field

Texarkeana Field

Quachita Count
Gum Creek Field

Pace City Field

Wesson Field

(c)
Total Wesson Field

Pope Count
Silex Field

Tates Island Field

Sebastian County
Bloomer Field

Bwing Field
Lavaca Field
Mansfield Field

Massard Prairie Field

State of Arkansas
Data Concerning Natural Gas Reserves

As of
January 1, 1949
Number of Wells as of 1l-1-L49
Neme of Reservoir Average Additional
Year Producing Depth of Pressure(Psia) Heating Required for
of Dis- Series or Production As of Value(Btu Analysis of Gas(Percent) ProduciE% Shut-In Developmsyt
covery System (feet) Kind of Gas Original 1=1-49 Per Cu ft) liethane LEthane Sulphur Other Gas 0Oil Gas 0il 0il
1947 Comanche 3,970 Dissolved 1,785 1,485 0 11 0 0 5
19,40 Comanche 3,700 Dissolved 1,500 365 0 53 0 0 0
1943 Comanche 5,860 Associated 1,815 1,435 3 0 0 0 0
1937 Comanche 6,050 Dissolved 2,800 210 1,004  93.L0 3.85 0 2.75 0 52 0 0 0
% IEg ey 0
19,2 Jurassic 7,350 Non-Associated 3,11 2,915 590 38.00 L.82 0 6.95) 2 0 0 0 0
Nitrogen 50.23)
ol Gulf 2,260 Non-Associated 1,050 900 1 0 0 0 0
1946 Comanche 2,780 Dissolved 1,10 735 0 16 0 0 0
Gulf and
19,5 Comanche 2,340 Dissolved 1,225 1,180 L20 0 65 0 0 10
1946 Comanche 3,100 Dissolved 1,475 1,295 385 0 71 0 0 0
0 136 0 0 10
1942 Pennsylvanian 2,550 Non=Associated 950 L75 987 95.00 1.0 0 3.60 1 0 0 0 0
1929 Pennsylvanian 1,030 Non-Associated 555 255 1,026 95 .60 3.20 0 1.20 3 0 0 0 0
195 Pennsylvanian 2,730 Non-Associated 265 210 1 0 0 0 0
1936 Pennsylvanian 2,850 Non-Associated 275 25 L 0 0 0 0
1921 Pennsylvenian 1,120 Non-Associated 285 195 998 98.50 0 0 1.50 0 0 0 0
1902  Pennsylvanien 2,200 Non-Associated 330 190 13 0 0 0 0
1904  Pennsylvanian 2,260 Non-Associated 300 23 Lo 0 0 0 0

NOTE: (A) Gas Repressuring or Cycling Project in Operation

(B) Net Gas Production

(C) Water Flooding Project in Operation

Ark



State of Arkansas
Data Concerning Natural Gas Reserves

Exhibit No. Bw2

As of = Page 8 of 10
Gas Production Statistics in Thousand Cubic Feet ————January 1, 1949
- ~Estimated
Estimated Daily Ges
Daily Allow- Estimated Production Estimated Remaining Recoverable Gas
Average able Produc- Total Open Available Estimated Remaining Recoverable Gas Reserves Reserves Available in Million Cubic Feet
. Daily tive Capacity Flow Capacities For a Syn- In Million Cubic Feet as of l-1-l9 s As of 1l-1-49
Rate, Of Shut-In Of all Wells thetic Fuel Proved Proved Under To be Used Proved Proved
1918 Wells In Field Plant,l=1-49 Drilled Undrilled Probable Total Contract 1In Field Drilled Undrilled Probable Total
139 0 150 0 500 200 0 700 0 700 0 0 0 0
6L, 0 700 0 L, 400 0 0 L, oo 0 L, Loo 0 0 0 0
2,920 0 20,000 0 2,500 0 0 2,500 2,300 200 0 0 0 0
3,620 0 3,700 0 3,100 0 0 3,100 2,100 1,000 0 0 0 0
6,50 0 23,700 0 5,600 0 0 5,600 Ly, oo 1,200 0 0 0 0
2,680 0 Lo, 000 10,000 26,000 0 0 26,000 0 1,000 25,000 0 0 25,000
9L,8 0 10,000 0 1,000 2,200 0 3,200 5200 0 0 0 0] 0}
100 0 100 0 300 0 0 300 0 300 0 0 0 0
0 L, 000 800 0 4,800 0 L,800 0 0 0 0
0 14,100 0 0 14,100 0 4,100 0 0 0 0
0 8,100 800 0 8,900 0 8,900 0 0 0 0
0 1,300 0 0 1,300 1,300 0 0 0] 0 0
0 3,700 0 0 3,700 3,700 0 0 0 0 0
0 150 0 0 150 150 0 0 0 0 0
0 3,000 0 0 3,000 3,000 0 0 0 0 0
0 700 0 0 700 700 0 0 0 0 0
0 650 0 0 650 650 0 0 0 0 0
0 1,100 0 0 1,100 1,100 0 0 0 0 0
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Location

Union County
Bear Creek Field

Cairo Field
Champagnolle Field

El Dorado, South Field
Highbank Field

Mt. Holly Field

Total Mt. Holly Field
New London Field

Salem Church Field

Schuler, 6900' Field

Schuler, 7530' (Jones) (A) (C)

Schuler, 7600!'
Schuler, East

Total Schuler Field
Smackover Field

TOTALS

State of Arkansas

Data Concerning Natural Gas Reserves

As of
Janvary 1, 1949
Number of Wells as of 1l=1-=49
Egtimated
Name of Reservoir Average Additional
Year Producing Depth of Pressure(Psia) Heating Required for
of Dis- Series or Production As of Value(Btu Analysis of Gas(Percent) Producing Shut-In Development
covery System (feet) Kind of Gas Qriginal 1-1-l9 Per Cu ft) Nethane Ethane Sulphur Other Gas 0il Gas 0il Gas 0il
19,8 Jurassic 6,330 Dissolved 2.765% 2.7lp 0 5 0 0 0 5
1948 Jurassic 7,200 Dissolved 3,290 3,235 0 7 0 0 0 1
1927  Gulf 2,690 Dissolved 1,215 100 R i TR T 0
1920  Gulf 2,100 Dissolved 1,170 6L5 1,091  87.35 11.50 0 50 1 e R IO R SR 0
19,42 Gulf 2,075 Dissolved 1,430 500 0 6 0 0 0 0
1941 Jurassic 7,140 Associated (3,194 1,900 0 - o s A 0
Dissolved ( T T 0
0 11 0] 0 0 (0]
1942 Jurassic 5,320 Dissolved 2,235 1,60 0 16 0 0 0 0
94l Jurassic 6,940 Associated 3,150 2,815 818 54.62 6.25 0.1% ~8.868) " L 0 0 0 0 0
Nitrogen 30.1L)
1937 Jurassic 6,900 Dissolved 2,265 1,980 0 25 0 0 0 0
1937 Jurassic 7,530 Associated (3,535 1,645 1,078 79.08 B8.71 0 6.88) 0 0 5 0 0 0
Dissolved Nitrogen 5.33) 0 111 0 9 0] 0
1937 Jurassic 7,600 Associated (3,565 2,980 1,028 6130 22,70 0 0.4o) o 0 0 0 0 0
Dissolved ( Cop L.10) (0] 11 0 0 0 0
1911 Jurassic 5,580 Dissolved 2,523 2,100 Nitrogen 11.50) 0 L 0 0 0 0
o0 AR s i B 0
1922 Gulf 2,260 Dissolved 0 1,502 0 0 0 0
300 2,629(D)33 25 14 68
Non-Associated Gas 188 0 6 0 8 0
Associated Gas 112 0. 27 0 6 Q
Dissolved Gas 0 2,629 0 25 0 68
NOTE: (A) Gas Represguring er Cycling Project in Operation

(B) Net Gas Production
(C) Water Flooding Project in Operation
(D) This figure does not include 820 producing oil wells in latter

stages of depletion.

Ark



Gas Production Statistics in Thousand Cubic Feet

State of Arkaneas
Data Concerning Natural Gas Reserves
As of

J 1, 1949

Exhibit Ho., B=2
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Estimated
Estimated Daily Gas
Daily Allow- Estimated Production Estimated Remaining Recoverable Gas
Average able Produc- Total QOpen Available Estimated Remaining Recoverable Gas Reserves Reserves Available in Million Cubic Feet
Daily tive Capacity Flow Capacities For a Syn- uiy In Million Cubic Feet as of 1-1-49 As of 1l-1-L9
Rate, 0f Shut-In Of all Wells thetic Fuel Proved Proved Under To be Used Proved Proved :
1948 Wells In Field Plant, 1-1-44,9 Drilled Undrilled Probable Total Contract In Field Drilled Undrilled Probable Total
11 0 20 0 200 200 0 Loo 0 Lpo 0 0 0 0
333 0 1,600 0 2,800 2,900 0 5,700 L, 500 1,200 0 0 0 0
580 0 600 0 1,400 0 0 1,400 1,200 200 0 0 0 0
627 0 700 0 1,400 0 0 1,400 1,300 100 0 0 0 0
159 0 200 0 350 0 0 350 300 50 0 0 0 0
795 0 1,000 0) 1,450 0 0 1,450 0 1,450 0 0 0 0
) 5,000 0 0 5,000 0 5,000 0 0 0 0
795 0 1,000 0 6,450 0 0 6,450 0 6,450 0 0 0 0
325 0 350 0 1,400 0 0 1,400 0 1,400 0 0 0 0
1,968 0 80,000 0 18,000 0 0 18,000 17,000 1,000 0 0 0 0
252 0 500 0 3,200 0 0 3,200 2,000 1,200 0 0 0 0
L1 (B) 0 120,000 0) 26,000 0 0 26,000 11,000 15,000 0 0 0 0
) 13,000 0 0 13,000 8,000 5,000 0 0 0 0]
3,805 0 14,100 0) 2,600 0 0 2,600 2,500 100 0 0 0 0
) 4,000 0 0] L, 000 3,800 200 0 0 0 0
102 0 100 0 300 0 0 300 0 300 0 0 0 0
L, 200 0 124,700 0 49,100 0 0 L9, 100 27,300 21,800 0 0 0 0
1,781 0 1,800 0 4,500 0 0 L,500 L, oo 100 0 0 0 0
176,239 138,610 1,378,480 10,315 997,335 32,8l0 27,540 1,057,715 907,025 113,390 33,000 L, 300 0 37,300
21,83 7,080 178,890 10,000 149,325 2,200 27,500 179,025 151,525 2,500 25,000 0 0 25,000
124,593 131,150 1,16L,500 0 521,650 20,100 o 5l1,750  L6k,800 67,650 5,000 L, 300 0 9,300
<9,8le 80 35,090 315 326,360 10,540 Lo 336,910 290,700 L3,2l0 3,000 0 0 3,000



Exhibit No. B-3

Gas Purchase Contract Data

Weighted
Average
Weighted Price per
- Average Mef
Term of during
Contracts Contract
Location Name of Gas Purchaser (Years) Period(a)
Northwest Arkansas
Dry Gas Flelds Arkansas-Qklahoma Gas Co.
Arkansas-Western Natural (B) $0.045
Gas
Arkansas-Loulsiana Gas Co.
Columblia County
Atlanta Field Arkansas-Loulsiana Gas Co. 10 0.025
Haynesville Fleld Arkansas-Loulislana Gas Co. 10 0.050
Magnolia Fleld ' ILion 01l Refining Co. 10 0.055
> Salem Church Field Arkansag-Loulsiana Gas Co. 10 0.036
Warnock Springs
Field Arkansas-Loulsiana Gas Co. 10 0.036
Dorcheat-Macedonla
* Fleld Arkansas-Loulsiana Gas Co. 10 0.023
(Sour)
0,050
‘ (Sweet)
Village Field Arkansas-Loulsiana Gas Co. 10 0.036
Lafayette County
McKemie-Patton Fleld Arkansas-Loulslana Gas Co. (c) (c)
Arkansas Power & Light Co.
Miller County
Rodessa Field Arkansas-Loulsiana Gas Co. 10 0.036
Union County
]
Schuler Field Lion 011 Refining Co. (D) (D)
rk Arkansas-Loulsiana Gas Co.
. Note: A) Price calculated per Mcf at 14.65 psi and 60° F.
B) Varies from year to year, to life of fleld.,
0021 C} Gas purchase contracts will be in effect after recycling

is completed.
(D) Gas purchase contracts will be in effect after repressur-
ing is completed.
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APPENDIX C

REPORT BY MAX W, BALL
ON
CIL-IMPREGNATED
- \ SPRIPPABLE DEPOSITS IN ARKANSAS
AS OF MAY 22, 1950

SUMMARY

Surface or near-surface oil-impregnated deposits outerop
in southwestern Arkansas In Plke and Sevier Countles, and in western
Arkansas 1n Scott County.

The avallable information reveals no 10-miilion-ton de-
posit in any 5-square-mile area, 1n vertlcally continuous beds 15
feet thick, wielding 10 gallons of oll per ton of raw material, and
» overlain by 1less fthan its own thlckness of overburden.

It is therefore concluded that there are no oll-impregnated

strippable deposits in Arkansas available for synthetic llquid fuels
. manufacture
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PART I - INTRODUCTION

Authorization

This report on oil-impregnated strippable deposits in
Arkansas 1s part of a study of such deposits in the United States
made under a contract dated June 1, 1949, between Ford, Bacon &
Davis, Inc., and Max W, Ball., The contract, duly approved for the
Government by a Contracting O0fficer, 1s identified as Subecontract
No. S of the prinecipal Contract No. W 42-129 eng-l137, dated May 3,
1949, between the Unlted States of America and Ford, Bacon & Davils,
Inc,

Purpose and Scope of Survey

The purpose of the study 1s to present an inventory of
raw materlals that meet certain minimum standards as to quantity,
quallity, and occurrence as herein defined.

The lnvestigation has been confined to a review of avail-
able data and to a general determination therefrom of the nature
and extent of deposlits. No field investigation has been made of
the oill-lmpregnated strippable deposits.

The report 1s confined to the nature and extent of the
raw materials and no consideration 1ls given to processing faclli-
ties.
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PART II - GENERAL

Definitions

Oll-impregnated Strippable Deposits are deposits of
sedimentary rocks lmpregnated, or intimately intermixed, with min-
eral olls, asphalts, or other liquid or solid hydrocarbons that are
soluble in organic solvents. Such rocks are commonly known as oil
sands, tar sands, bituminous sands, or rock asphalt. As used here-
in, the term also includes deposits of pure hydrocarbons, such as
gilsonlte occurring in sedimentary rocks.

Minimum Requirements - Oil-impregnated strippable deposits
are not considered reserves ror the purpose of this report unless
they contain at least 10,000,000 tons in an area of not more than 5
square miles, occur in vertically continuous series of beds not less
than 15 feet thick amenable to opencut mlning by removing a cover
not more than the thickness of the beds, and with an oll content of
at least 10 gallons per ton.

Classification of Reserves
According to 011 Content

Primary Reserves - Deposits meeting minimum requirements
as stated above and with an average yield of not less than 25 gal-
lons per ton.

Secondary Reserves - Deposits ln additlion to Primary Re-
serves meetling minImum requirements as stated above and with an
average yleld of not less than 15 gallons per ton.

Tertlary Reserves - Deposits 1n addition to Primary and
Secondary Heserves meeting minlmum requirements as stated above and
with an average yleld of not less than 10 gallons per ton.

Sources of Information

All known publications on oll-impregnated strippable de-
posits 1n Arkansas have been consulted, particularly the publica-
tions of Federal and State agencies. Exhlbit No. C-1 shows approxi-
mate location of the deposits and Exhibit No. C-2 summarizesthelr
descriptions. The most useful references are listed in Exhibilt . No.

C-3.

Information has also been obtained personally from a
number if PFederal and State offlcials and men engaged in private
industry, whose cooperation 1s gratefully acknowledged. The names
and affiliations of these individuals are given in Exhlblit No. C-4.
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PART TII - DESCRIPTION OF DEPOSITS

General Occurrence

Deposits of asphaltic sands, sandstones, and sandy lime-
stones are known in southwestern Arkansas 1n Pike and Sevier Coun-
ties (Exhibit No. C-1). Here, asphalt impregnates nearly horizontal
beds In the northern edge of the Lower (Cretaceocus Trinity formation.
A deposit of asphaltic sandstone is also known in the Jackfork sand-
stone of Misslssipplan age in southwestern Scott County, at the
northern base of Fourche Mountaln., The quantity of asphalt 1n each
of these deposits ls probably small.

In Pike and Sevier Countles deposits, the layers of
asphalt range from feather edges of several inches to 12 feet 1In
thickness, the Pilke County beds belng generally thicker than those
of Sevler County. The other asphaltic exposures are not thick
enough or situated so as to be mined.

Lecatlion numbers here glven in the text refer to corres-
ponding numbers on Exhibit No. C-1.

Pike County

The principal Plke County deposits lie in the southern
part of the county near Pike, Delight, and Murfreesboro. The
largest 1s near Plke and 1s the only one in the State that has
been mined commercially.

Pike Deposit. The Pike deposit (Location 1) is located
2-1/2 mileS southeast of Pike Cilty, on the west side of the Plke-
Delight Highway, on a branch of Wolf Creek, in T. 7 S., R. 24 W.
It lies in a depression between two hills. Only the lower part of
the Trinity 1s exposed. The formation consiste chiefly of coarse
sand, in some places qulte calcareous, with interbedded clay. Beds
from 8 inches to 4 feet thick are more or less thoroughly saturated
with asphalt. The character of the sandstone varies considerably,
as does the asphalt content, which by weight fanges from 4.58 per-
cent to 16.53 percent and averages around 6 percent.

Delight Deposit., The Dellght deposit (Location 2) is ex-
posed in a hollow In T. 8 S., R. 24 W., approximately 4 miles north-
west of Delight, The asphalt bed is 3 to 5 feet thick and shows
thin seams of liquid cozing from within. The bitumen content is
high, approximating 17 percent by welght. The overburden is 30 to
35 feet thick.

Murfreesboro Deposit. A viscous asphaltlic deposit 1s ex-
posed at the water's edge of Prairie Creek in T. 8 S., R. 25 W.,
approximately 1 mile northeast of Murfreesboro (Location 3). The
thickness and extent are not kmown. The nature of the neighboring
deposits and the lack of commercial interest shown in thls partie-
ular area indlcate that the deposit is small.




Sevier County

Small scattered deposits exist in Sevier County between
DeQueen and Dierks, near Lebanon (Location 4). These deposits are
reported to be a few Inches to a foot or so thick and small in areal
extent.

Scott County

No more information 13 avallable about the Scott County
occurrence than is given above. The deposit l= probably of negli-
gible importance.

7002
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PART IV - CONCLUSION

Although the various known deposlts contain oll-impreg-
nated material, and although some of them might concelvably be
mined at a profit 1f the price of oll was high enough in relation

to operating costs, none of them 1s an oll-impregnated strippable
deposit as defined above.

It 1s therefore concluded that there are no oil-impreg-
nated strippable deposits in Arkansas avallable for synthetic
liquid fuels manufacture.
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Location Number

(Exhibit No.C-1) County
1 Pike
2 Pike
3 Plke
4 Sevier
- Scott

Data on Surface or Near-surface Oil-impregnated Deposits

in
Arkansas

Thickness (Feet)

General Location Beds

Approximate Yield

Reference Number

2-1/2 mi SE. Pike
Tc 7 So, Rc 24 w- 3/4-4

4 mi NW. Delight,
T 8.8, R. 24 W 3-5

1 mi NE. Murfreesboro;
TS 8, Ry 25 Ms -

Near Lebanon 1+

Northern base Fourcke
Mountain -

Overburden Gallons per Ton (Exhibit No.C-3)
- 14 1; 2,
30-35 40 1, 4,

Exhibit No. ¢-2

Remarks

Sand and clay beds 6-12 feet
in total thickness and variable
in character and bitumen
content

Asphaltic bed 3-5 feet thick
with thin seams of liquid
asphalt

Viscous asphaltic deposit;
probably small; information
meager

Small scattered deposits

Asphaltic sandstone; deposit
probably small; information
meager.
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We, the undersigned subcontractors have read and are
severally famlliar with the over-all contents of this report on

The Synthetic Liquld Fuel Potentlal of Arkansas. Each of us

individually approves, by hls appended signature, of the report as
written, insofar as 1t relates to conditions, conclusions, and
recommendations with respect to the raw material forming his re-

sponsibility under his subcontract.

COAL
/ ,
aul Welr Company, Incoppora
NATURAL GAS
OIL SHALE
o yep/and ﬁgggzz;hfbn
WATER

Mlertn. Pirras é;;&ﬁéﬁgg
Malcolm Pirnle kEnglinee

OIL-IMPREGNATED STRIPPABLE DEPOSITS
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Max W. Ball
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