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A major objective of future experiments should be to decrease underground heat
losses, possibly by increased production rates, simultaneous operation of sev-
eral units located close together, and control of water inflow,

TABLE 5. ~ Gasification with oxygen, operating results with

1 haolec

1
electrolinked FNVI-XVIT

PN 292N
DOUOTTHIUTC O

0perating timMe..ueseeseeeeeeeunsesasasaneasosesansssscecesasanss T, 36
Oxygen input rate.............,.............................C.f.m.l/ 604
rffluent gas rate..............................................dO.l/ 1,335
Propcerties of effluent gas
Analysis, percent:
Carbon dioXide . uiuiieneeerioincosonsansaancnssanannssossessnsans 47.8
I1lUMINANES et e v evaseensssassssssssessasssssanssasssssasasasaanns 0.3
OXYZOTl s svonesocssssasncsnsannssssssrossaaansssssossascsssssnss 0.2
HYdTrOgem, v eueeeesoacsncacossassssasessssassassasassssansssonnsss 24.5
Carbon MONOKIAE ., iuseeeasnessassonsssoasssacsasnansssosasasnasans 21.2
MEthATIE, ¢ 4t seeeereonessacsscssesuacesnsansesasesasoassascsassannns 4.1
N LT OZeN s s eeeoeavnsoannnnsseansenosssscosnosnasnsseansascnssassonas 1.9
HEAt1ng VALUE....ueuueeessnesenseneesnaesnansssBuatu, per cu, f£.17 § 195
SPECLifiC EraVIty.ueeeeeaesaeeeessssenssossosssaasosenassassasanans 1.0
MOLSEUTE CONLENL...veeeecseesasss.mol 0of water per mol of dry gas 0.34
Oxygen:
Cu, ft., per M cu, ft, of make gaS.eseeseaceccecscssscesccssansanns 452
Cu. ft. per Mcu, ft, of €0 + Hp).uiueuirnneeeennassosnsanccaaaanns 990
Cu. ft, per million B.t.u. in the product gas......ceeeeencnccncas 2,320
Rate of coal utilization, basis of moisture- and ash-free coal, tons
per day:2/
a. Completely gasifiedél......................................... 33.1
b, Carbonized ONly...eeeeessscesseessssaseascnsoessasasssssassasss 0

1/ At 60° F,, 30 in, Hg, dry.
9/ Calculated from material balance,

3/ This is fresh coal plus coke from previous gasification with air, all
- calculated as equlvalent coal,

Field-Scale Test of Hydraulic Fracturing to Prepare a
Coal Bed for Gasification

A hydraulic process called "Hydrafrac," developed by the Stanolind 0il
and Gas Company and used successfully for oil wells, was applied to a coal bed
«ith the objective of hydraulically fracturing the bed and thus producing flow
paths suitable for gasification,

The site chosen at Gorgas, Ala., was some 370 feet west of prior gasifica-
tion workings (see fig. 26). A 9-inch hole was drilled to a point 18 inches
yithin the America coal bed, which is 155 feet below the surface at this point.
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A 4-inch steel casing was placed in the well, seated 6 inches above the bottom,
and cement was pumped around the casing. The hole was then extended an addi-
tional 7-1/8 inches into the coal; this exposed for treatment a cylinder 3-7/8
inches by 7-1/8 inches, with the bottom of the cylinder 2 feet below the top
of the coal bed.

TABLE 6., - Water-gas production, from electrolinked boreholes XVI-XVII
(average operating results for 12 consecutive cycles)

Air blow
18.8

Steam run
4,2 (3.85 to 5.08)

Average length of period.....eeceeeeccsesess iy,

Input rate, air....

«ms e e

eererereeeeec fm L 1,250 -
per hr. - 1,200 to 2,100

Gas production... .................C.f.m.l/

585

1,800

Properties of effluent gas
Analysis, percent:
Carbon dioxide....

[
N

S 86 TP s e R E T AL B EESEEBSEENNe

T1lUumMinGNtS . v v veeeesosvasacessesansesassasssna

Oxygen........ o;...-oo-o-o-.co.a...-ooo
HydrOogen.ueeeeeesensssssscsassasssessssssns

ot e
-

Carbon monoXide,.ie.veesecsesssncsesssensase
Methane . . .o eesoeavecssnasassasssecsssasscs

NitrOgeN, iiveeeeacssnosssssasesncasassosssasns
Heating value..,..........B.t,u, per cu, ft 1/
Specific Gravify.seceeeceaseesacscasssonnssnas
Moisture content,,..mol water per mol dry gas

1/ At 60° F,, 30 in, Hg, dry.
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The "Hydrafrac" treatment was applied by the Halliburton Oil Well Cement-
ing Company. The injection well first was treated with 500 gallons of kero-
sine (containing 5 gallons of an antiemulsification additive) at 250 gallons
per minute with a pump pressure of 250 p.s.i. Next, 9,550 gallons of viscoug
residual fuel oil, containing 10 gallons of additive and 15,000 pounds of
Ottawa-flint shot sand, was injected in 22-1/2 minutes at a pressure of 700
to 900 p.s.i. Finally, 4,040 gallons of kerosine was injected in 22 minutes,

After the injection well was completed and before the "Hydrafrac" treat-
ment, compressed-air permeability tests had been made, Approximately 6 std,
c.f.m, of air could be forced through the coal bed at an applied pressure of
65 p.s.i.g. After the treatment, 520 std. c.f.m. could be forced through the

coal bed at 65 pounds pressure, approximately an 85-fold increase in
permeability.

The extent of the fracture was determined by drilling holes to a point
immediately above the coal bed, testing for airflow, completing the hole
through the bed, and again testing for flow (see fig. 26). No evidence of
fracture was found above the coal bed, In the coal bed definite airflows
were noted at holes 150 to 650 feet from the injection well along the face
cleats and 200 to 580 feet along the butt cleats,
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FIGURE 26. - Site of Hydraulic Fracturing Experiments.
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A new hole was drilled 190 feet southwest of the injection hole along the
face cleat line (see fig. 26), and the coal was ignited from a propane burner
installed at the base of this hole, A path developed between this hole and
one 10 feet to the southwest, Gasification was initiated admitting air at
these two points and withdrawing the products at the injection well,

Although combustible gases were produced continuously throughout the test,
the results indicated that it was impractical to establish a satisfactory re-
action zone in a fractured coal bed by forward burning, with air being admitted
behind the combustion zone and products withdrawn through the fresh coal ahead
of the flame. Apparently the hot gases carried decomposition products such as
tar downstrcam and deposited them in the fractures in the fresh coal, and the
heat transferred induced swelling of the fresh coal., These two effects com-
bined to plug the fractures, The increased resistance to flow necessitated
higher air-input pressures, which in turn caused excessive leakage and poor
recovery of products,

Backward burning (with the ignition front traveling against the direction
of the airflow) has been used more recently to prepare gasification paths
through the fractured coal bed. These tests have been satisfactory and indi-
cate that hydraulic fracturing of a coal bed, followed by reaction-zone de-
velopment by backward burning and gasification, holds promise of developing a
successful process of underground gasification.

Some Problems in Underground Gasification

Underground gasification of coal is still in the early stages of explora-
tion, and its practical usefulness in the United States has yet to be estab-
lished. Further research would be necessary to determine which general proc-

ess might be used for particular conditions and to develop details of
operation,

The research so far has indicated some specific needs, such as for meth-
ods for passing air or other gasmaking fluids through the coal bed under con-
ditions insuring close contact, so that excess oxygen would not be left to
convert the CO produced to CO,. Other variables affecting the quality and
quantity of the gas produced, such as the proportion, rate, and duration of
gasmaking fluids supplied, would require study,

Experimentation would need to extend beyond the high-volatile A bituminoyg
coals so far tested in the United States, to find the adaptability of lower
rank coals. For each site, prevention of leakage of gasmaking fluids and of
the combustible products might present specific problems, and studies might be
necessary on efficient design and simultaneous operation of series of under-
ground gasification units,




75

Literature Cited

BAKULEV, G. D. (Economic Analysis of Underground Gasification of Coals.)

Institute of Economics, U,S.S.R. Acad, of Sciences, Moscow, 1957,
134 pp.

CHEKIN, P. A., SEMENOV, A, I., AND GALINKER, I. S. Underground Gasifica-
tion of Coals. Trans. Chem., Eng, Congress of World Power Conference,
vol, 3, 1936, pp. 158~173; Colliery Guardian, vol., 152, 1936, pp. 1193~

1196; Gluckauf, vol, 72, 1936, pp. 1035-1037; Fuel Economist, vol, 11,
1936, pp. 331-335.

CHUKHANOV, Z. F. (The Regulation of the Temperature for Subterranean

Gasification,) Compt. rend. Acad. sci. U.R.S.S., vol. 27, 1940, pp.
203-208.

CHUKHANOV, Z, F., AND SAGAIDAK, M., Ya. (The Gasification of Moscow Coals

and Fuel Shales Underground.) Bull, Acad, sci. U,R.S5.S,, Classe sci,.
tech,, No. 8, 1939, pp. 3-18,

pOWD, J. J., ELDER, J. L., CAPP, J. P., AND COHEN, PAUL. Experiment in
Underground Gasification of Coal, Gorgas, Ala. Bureau of Mines Rept.
of Investigations 4164, 1947, 62 pp.

EFREMENKO, I. V., AND TALYZIN, N. N. (Underground Gasification of Coal.)
Soviet Science, No. 5, 1939, pp. 169-187,

ELDER, J. L., FIES, M, H., GRAHAM, H, G., MONTGOMERY, R. C., SCHMIDT,
L. D., AND WILKINS, E. T. The Second Underground Gasification Experi-

ment at Gorgas, Ala., Bureau of Mines Rept, of Investigations 4808,
1951, 72 pp.

FORRESTER, J. D., AND SARAPUU, ERICH, The Process of Underground Electro-

carbonization, Univ, of Missouri Sch, Mines and Metallurgy, Bull., 78,
January 1952, 84 pp.

GUMZ, W. (Underground Gasification of Coal by the Filtration Method.)

Gluckauf, vol, 76, 1940, pp. 670-672; Feuerungstech,, vol, 28, 1940,
pPP. 56-59. '

INSTITUT NATIONAL DE L'INDUSTRIE CHARBONNIERE (INICHAR). (Underground

Gasification.) Belgian Experiments at Bois-la-Dame (Lidge) 1952,
81 pp.

JOLLEY, L. J., AND BOOTH, N. The Underground Gasification of Coal,
Survey of the Literature, Fuel in Science and Practice, vol. 24,
No, 2, Mar.-Apr, 1945, pp. 31-37; No. 3, May-June 1945, pp. 73-79.

KIRICHENKO, I. P. (Water Gas at Lisichansk Coal Mine. Preliminary
Report.) Podzemnaya Gazifikatziya Uglei, No., 89, 1935, pp. 34-35,



76

13. KIRICHENKO, I. P., AND TON, V. 5. (Underground Gasification at the
Lisichansk Mine.) Gornyi Zhur., vol, 111, No. 7, 1935, pp. 10-19;
No. 8, pp. 10-21; No, 9, pp. 5-14,

14. KOROBCHANSKII, I. E., SKAFA, J. A., METVEEV, D. I., AND OTHERS. (Under-
———————ground—Gasification of Solid Fuels;) —Russian Patent 53992; Oct 1938, —

15, TLAVROV, N. V., FARBEROV, I. L., AND PITIN, R, N. {(Underground Gasifica-

tion of Coal in the Moscow Region.) Vest, Inzh. i Tekh., No. 10, 1939,
Pp. 423-424,

16, LOISON, R. Exploration du chantier de Djerada, apres l'essai de gazéifi-
cation souterraine. Charbonnages de France, Note Technique 14/53,
October 1953, 14 pp.

17. MINISTRY OF FUEL AND POWER. British Trials in Underground Gasification,
1949-1955, London, 1956, 90 pp.

18, SAZONOV, N, I. (Subterranean Gasification of Coal.) Khim, Tverdogo
Topliva, vol, 6, 1935, pp. 861-869.

19, TELESHEVSKIY, B. E., "~(Methods of Control and Management of the Process of

Underground Gasification of Coal,) Avtomatika i Telemekhanika, No, 4
1939, pp. 17-32, :

J




