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THDERGROUND GASTFICATION FROJECT, GCORGAS, ALA,

Since 19LE the Bureau of Mines and the Alabama Power Co, togesther have con-
ducted a group of Tleld-scale experiments on the underground gasification of coal,
The objective of this work has been to debtermine The feasibility of procedures
wasreby cither the chemical congtituents or the cnergy of coal may be brought to the
qurface in a gaseous form usakle In the synthesis of liquid fusls, synthesis of or-
'ggnic chemicals, or production of electric powsr. Another cbjective has been either
to materially reduce or eliminate underground mining operations.

Processes for underground gasiticablion require prevaraiion of an Inlst passage
from the surface to the coal bed, a pessege through the coal bed, end an outlet
‘passage from the coal bed to the surface., The coal ig then set afire, air, oxygen,
or steem is passed through the bed, and the products of the reaction are obtained
apove ground at the outlet from the system.

In tie first cxperiment conducted during 1946-k7, u U-sheped passage was mined
in the coal bed and ronmnecifed to the gurface at the outecrop by means of shtoppings at
‘ths portals. In ihe second experiment conducted during 19148-51, an entry and an
‘mircourse were driven to & point 1,600 Peet from the outvrop., These underground
passages were comnacted to the surface by large-diametsr horeholes drilled on 300-
cot centers. A suitsble stopping was erected acrosg the passeges approzimately
140 feet in from the cutcrop. The gasification operstions during these two sxpari-~
:m:ants ghowed that It was pogsible to lgmite cosl, maintszin combustion, =nd gasify
coal in pluce. The products obtained were often of poor qualiiy but at times indi-
‘cated that it was possible to produce useful combustible gases by gasification of
‘cozl in place, In general the crogs-ssctional aveas of the Tasgeges within the corl
bed were oo lerge, und pocr contact hetween the zasweking fluids snd the coal faccs
Tegulted. All of thess exmeriments were conducted In the Prett coal bed, vhich at
Gorgas is almest flat, Ezperiments hove been conducted elsewhers, using mined oass-
ages in stesply pltching coal beds with more succsss.

These first twe sxperiments indicated Lhe nssd for develoving other methods for
Opening up a passage within the coal bed, yrefersbly msthods that would eliminate
underground mining work. 4 procedurs known 2s electrolinking-carbomizstion had been
trisd by the Sincleir Coal Co. of Xansas City, Mo., working in cooperation with the
Migsouri Schocl of Minss, In this process, holes were drilled to the coal bed to
8erve as an inlet or outlet, and metal electrodes wers seated in the coal bed and
Insulated from the wells of these holss. A current then was passad hetwsen the
f61ectrodes, a good elsctric circuit was ulvimately developed, =nd encugh coal was
farbenized along the path so that the permeability incrcased to a point where gas-
neking fluids could be [orced through the passaze, This process was tried at

GU?‘gas, finally using ¢lzctrode spacings of apvroximately 150 feet, and 3 systems

e operatsd satisfactorily., Ths qualifty of the gasification products was vastly
Inproved as compared to those cobtained in using mined passagss, for contact between
:_.the reactents was maintelired much more satisfectorily. The proceass of electrolink-
ANg-carbonization ie of great import:znce in wnderground-gasificabtion frocedures, and
t appears probable that it will become rractical after further development., The
:150-200t slectrode spacing used &t Gorges represents, net the mexdmum cbtainsble,

Pt rather the practical limit imposed by the capacity of the equipment available.
-‘-B‘]-Jthough electrolinking-carbonization shows promilse for use in underground gasifica-
-;.1011, two limitations are spparent. At 150-foot spacing of electrcdes, the tonnage
Of coal that may be gasified between & palr of electrodes (inlet and outlet) i1s
'%h‘iited, and the site-development snd installation costs are grester then the system
--1P9rating coet, which tends te indicete = high-cost gaseocus product. It appears
ely thet further developmant of the process will result in the uses of greater
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elsctrode spacings, sn Increuse in svellable coel tomnege, sud a decreass in gite.
development cost, thus eliminating this objection. Furthsr, the use of clectrolime.
ing-carbonization to develop a passage In the coal bed often resulits In a path of
limited permeablility, which, in turn, causes high compression costs during oPeration’
It 1is qguite poseible that this objection, too, can be overcome by further improve-
ments; however, dsveloment of additional methods for opening passages within the
coal hed is desirable for processes of underground gasiflcation.

Stanclind 0il & Gas Co. has developed a hydrsulic process for increasing the
roductivity of oll wells which is called Hydrafrac. In this process, a viscous
Tgquid, usnally containing grapular material, such as scand, for a propping agent 4g
injected 1nto sm oll-bearing formetion at high pressures to fraciture or part the
formation, The Iritial fracturing step le customarily followed by introducing s
gscond Tinid that will mix with the first and resuli in a fluid ot relatively low
viscosity so that the mixture can be displaced from the formation. The formetion
of these fractures or passages within an cil-hearing horizon generally increcses the'
wsll preductivity. The BEydrafrec treatment was first spplied commerclally in the
oil industry sbout 19}+9, end since that tlme a lerge number of wells huve been
treatsd succegsiully.

It wus believed that it might be possible to apply Lhe Eydratrac method, or g
modification thereof, to a coal bed with the objective ol hydraullicelly fracturing’
the bed and thus producing a flow path that might be sultable for subsequent gasi- -
tication. The vrocess was discussed on numerous vccasions since 1949, In Jume 1955 ¢
cooperative agreements were drawn up whereby the Bureau of Mines, Alabams Power o/
Stenolind 011 & Gas Co., and Hellilburton Cil Well Cementing Co. would cooperaie inm
applying the HAydrafrac treatment to the America coazl hed at Gorgas. Work on the
project was begun in June 1954 wnd is being continued st present,

Preparation of Tnjecktion W=11

A gite was choser at Gorges some 370 feet west of the last gusificatilon test
workings. At thies site the America-bed coal lies 155 faoet Lelow the surface. A 1h
inch-diameter hole was drillsd ard cased with 12-inch plpe from the surface Lo &
roint in selid rock 19 feet below. The bhole was continued 10 inches in dlameter ©
& depth ot 141 Ffest, This entire portion of ths well was drilled witk a churn
drill, TFrom e depth of 141 feet Lo 155 .2 feet (the top of the America-hbed coal),
the hole was drilled ¢ inches in dismetor, using a roteary bit. The well was ex-
tended 18 inches into the America coel bad. A& L-inch steel plpe casing was placed -
i= the well and seatcd € Inches above the bottom. At the bottom of the casing, & |
L-1/2-inch float shos was attached, and casing centralizers wore placed 21, 63, 107
aud 136 feet ebove the floal shoe, The h-inch casing was swedged to 6 inches in
diamster, and the top 23 feet of the casing was mede of ©-~inch extra-heavy steel
pipa, After thes casing was rlaced, a grout of cement end water was pumped -through'_
the casing end the float shoe and up ths annulus betwesr casing and the walls of the
hole to cemsnt and seal The caslng Pirmly to adjacent formations, To insurs & good
bond at the top of the coal bed (the elevation of the flost shoe), only 100 feet of
cement wae displaced from the casing at the time of cementing. ATfter the cement h&
set for 5 deys, the residusl cemsnt in the casing wae dArilled out with a 3-7/B-inch
it ané the hols axtendsd an additional 7-1/8 incheg inte coal, The portiom of the
coal bed expossd for Eydralrac applicetion thus was the perimeter of s cylinder
3-7/8 tnches in diamster snd 7-1/8 inchss high, with the bottom of the cylinder 2
feet balow the top of the coal bed. The top bench of the America Tted =% this loca”,
ticn is 37 inchsa thick,




Hydrafrac Applicetion

After the injection well wag completed, the Hydrafrac procsss was applled by
psrscmnel and equlpment of the Tallimrton 011 Well Cemanting Co. The egquilpment
gonsisted of pumpe capabls of exerting 12,000 p.g.i., a blendsr wit for mixing
nesvy o1l mnd sand, snd three tramsport tank trucks, 1 of which cortained 3,000
gallons of kerosine and the other 2 a total of 10,000 gallons of g viscous rasidugl
fual oll. The injection well first was trested with 500 gallons of kerosine con-
‘taining > gallons of an edditive used to prevent emilsification of water and oil.
During this initial formetion breskdown, the kerosine was Injected et & rate of 250
‘gallons per minute, and the Iressure at ths pumps wes 250 p.s.i. Next, viscous
‘residual fuel eil, containing 10 gallons of additive to Irevent emilsification, was
‘mized Wwith Ottowa-flint shot sand, sized through 20- and on 40-mesh screens. Mixing
‘was accomplished iIn the blender unit as the residual fuel oll was ramped f1om the
tank trucdks to the high-pressure pumping equipment. Then 8,550 gallons of regldual
fuel oil, containing 15,000 pounds of szand (1.6 pounds of sand per gallon), was in-
scted into the formation in 20-1/2 minutes, using a Plow rate of 42% pallens per
inute. The pressure required durinz this these of the trestment rarged from TOO

0 900 p.s.1. &t the pumps. Following the send oil, 4,040 gallons of kerosine was
njected at a flow rate of 184 g.pm,

The entire Hydrafrac treatment required 45-1/2 minuies and, during this period,
4,100 gallons of ¥1ufd and 15,000 pounds of ssnd were Injected, A short time after
he well treatment was completed, the rressure was let down st the casinghead and
oon thereafter the cesinghesd was removed. During ths Pressure letdown, an esti-
mated 500 zallons of f£luild was bled from the well, Approximately one-half hour
‘gfter the cusinghead was removed, the fluld lsvel {n the casing had receded sboub 5
eet and by the next morning had receded 120 fset, At thet time fluid remaining in
he wall bore was removed by an alr Wift. Thiz was repested 48 hours later, and =

otal of upproximately 25 gallons wes removed in this manner. The rest of the fluid
smained underground.

Evalustion of Hydrafrac Trectment

Results of the Hydrafrac trestment have not yet besn Tully determined or evalu-
ted, but some information 1s availsble, After the Injfection well was complsted and
efore the Fydrafrac treetment was epplied, permeability tests were mede on Americe-
ed coal in the well with compresssd sir, Using Darcy's law, as applicd to izothermal
Ineer flow of ideel gas through a porous medium in = channel of consteant cross sec-
lon, & function was derived that is & messure of the permeablility of the coal bed.
is permesbility functicn was svalusted by the air-flow test and hed a numerical
alue of 0,031, A geries of erbltrary asgumptions can be made and this function
Toughly exoreseed as & permeabllity coefficlent. In this cass the eg®imated value
L the cosfficient wes 46 millidarcys, The air-injection test showed that sapproxi-
tely 6 c.f.um. of eir, measured at 60° F., 30 inches Hg, =nd setursted with water
Bl he Porced through the coal bed at an applied pressure of €5 p.s.i.g.

After the Oydrafrac test, permesbility tests agein wers applied at the injec-
tion well, and 1t was found that the permeability functicn had incressed to =
Mmeri eal value of 2.63. This, in turn, cen be roughly estimated as & permesbility
Cefficient of 3,900 millidercys. The air-injectilon rate &t 65 pounda in this case
N g 520 std. c.f.m. The permesbility tests show am 85-fold Incrsase for the coal

3

Before the Jydrafrac application, 1t was not known whether n fracture could be
Yert within the cosl bed or whether it would emter adlacent strata elther sbove or
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below, Anchher uminown was the ares of coal that could te fractured. To determing
+the horizon followsd and extent of the fracture, 1% wes proposed to drill fest hq}_e"é
st verious dlgtances from the injection well and to apply air pressure at the injgel
tion well, Also, the neercst outcrops end old opsnings to the America-bed coal werpg
+0 Do examined for traces of Iracture ¢ffecis. :

The nearest outcrop is S50 feet south, uo® wegt, of the injectior well., When
air was injected under pressure eif the well, no trace of fracture was found at thig
outcrop. The old electrolinking worklIngs 1lie 370 feet east, 20° north, of the in-
Jjection well, When alr was applied at the well, & large percentage of the flow,
together with & definite odor of kerosine, was detected at openings from lhese work.
ings, indicating that the fracture extends Lo this point. At an 0ld core-drill ;
nole to the America bed, 200 fset north, 1h° gast, of the injection well, a definite
?low of air, oll, and kerosine was evolved, Inby workings of an sbandoned mine in -
the Americe bed are 670 fest morth, 229-39° wegt. At the portal of thls mine, an
odor of kercsine vapor wes noted when pressure Was meintained at the injection well
The fracture may heve intersscted these old workings, tut mors definite evidence ig

needed.

Test Loles were drilled at polnts 150 fest north, L4° emst, and 200 feet south
1° wegt, of the injection well, Thsse holes are om ths line of the face cleats of
the America-bed cosl. When the injsction well was maintained wnder air Pressure,
dafinits evidence of Fracture was indicaled at botk by the evolution of oil and
kerosine and by en uir flow. At these two test holes, 1t was definitely egtablished:
that the fracture was cntirely within the horizon of the America-bed coal,

These tepts indicate that a large area of coal bed was affected by the hydraull
fracture process. The shape and extent of the ares must be determined by further -
drilling end permsability studies. Indications are that the fracturing effects werg
much mors extensive than expoeted.

After the sxtent snd nature of the fracture have besn cvaluated more completaly;
1t ig planned to ignite and gaslfy at lsast a section of the coal affected. Probab
the injection well or e point beyond 1t will be used as an inlet o the system, end
the existing openings in the old electrolinking project will be manifolded together
and used as an cutlet. -

The hydraulic fracturing of & coal bed may have uses other then for undergroun
gasification, As the srea of cosl saffected apparently is guite large, the process
may lend 1tself to romoving gas from coal beds shead of mining operetioms. This
application could improve safety im coal mining.
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