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VERTICAL BOREt- E DESIGN AND COMPLETION PRACTICES USED
TO RD10VE MhfHANE GAS FROM MINEABLE COALBEDS

by

~tephen \.,J. Lambert
l

, Micha~l A. Trevits 2 , and Peter F. Steidl l

I NTRODUC'1'1 ON

Coalbed ga3 drainage from t.he surface in advance of m.ning has long
been the goal of resea=chers iG mine safeti. Bureau of Mines efforts to
achieve this goal started about 1965 with the initiation of an applied
research program designed to tist drilling, completion, and production
techniques f0r vertical boreholes. Pnder this program, over lOG
boreholes were completed in 16 differe~t coalbeds. The field methods
derived [rom these tebes, together with a basic understanding of the
coalbeJ reservoir, represent an available technology applicable to
any ga~ drainage rrogram who:·ther designed primarily for mine safety
o~ for gas recovery. or both.

Huch of the subj ec", !'lat ter contained in Lhis report is derived
from past work sponsored by the Bureau of Mines. The most recent work
presented was l!'!tcr completed under the Departmpnt of Energy, which,
after October, 1977, assumed resp,-,nSi.bility for many of the vertical
borehole programs previously initi~ted by the Bu=eau 0f Mines.

1/ Geologist, Carbondale Mining Technology Center, Carbondale, 1111nois

2/ Glologtst, Pittsburgh Mining and Safety Research Center, Bureau
of Mines, Pittsburgh, Pennsylvania
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SUMMARY

Borehole Specif!~ations

1, The minimum casinE size that accommuclates rlCst standard dO~"li-hole

tools is four inches inRtde diamec~r.

2. Degasificatio~ boreholes! after mine-through, can be used for mine
development by providing c.onvf.:ni'~nt avenues to the surface. The
diameter and completion of these wells should be specified during
planning phases to ml~et the int(mded u:3age.

Some P~insiples of. Coa1h~d qas Storage,
~~~nd Migration

1. For practical application, the maximum amount of gas stored in
coalbeds is generally assumed to be the amount at equilibrium with
the measured pressure/temperature conditions of the coalbed. This
i9 best illustrated by an equilibrium sorption isotherm curve for
methane gas.

2. Coa1bed gas travels by diff~sion to natural fractures and then
by Darcy flo'''' to a point ,,)f 1r)west pressure. By lowering coa1bed
water s~turation, the coa1bed's permeability to gas increases, enhancing
flow rate.

Effective Well P1acero~nt

1. Single wells placed alone in very large co~lbed areas do not produce
high sustained gas f1o~s becaus~ they no not effectively lower
coa1bed hydrostatic pressure or water. saturation.

2. An efficient method for reducing pressure and d€·cre.Elsing coalbed water
sA.turati.oa within a p'cactical time inter-val (essE..1tial to high gas
flow rate> is to place wells in closely spaced patterns or position
wells close to mine liork 1ngs.

1. Port~b:e drilling rigs, capable of drilling degasifi~ation boreholes
to depths of 2,500 feet, are available in the water well and petroleum
drilling Lndustries.

- 2 -



2. In general. drilling muds should be avoided since they almost certainly
cause coa1bed permeability damage.

3. Percussion type drill. bits enable boreholes to be drH1ed quickly.
Tr i-cone type bits. however. cause less cIJalbed permf~ability damage.

Logging

Geophysical logs which measu~e rock dens it, provide an excellent
means of identifJing coalbed stratigraphic horlzons in an open­
hole. Caliper logs offer the precise qua.ltitative information re­
qUired to select casing equipment and cementing parameters. Neutron
type logs are T~asonably good ir.dicators of coal after the borehole
is cased.

Completior~.

Coalb~d gas drainage has been most successful when "openhole" type
completions ar~ used for degasification boreholes. froductioa from
perforated wells has been significantly lower. Abrasive-jet slo~ted

completions have been most effective tht'C'''gh casing.

Method of Removing and Measuring Water

I,. A proven method of removing water from degasification 'uoreholes is
by means of a sucker-rod pump. This method is effective when pro­
duction ~s less than 200 bpd but requires routine maintenance.

2. Positi~~-displacementmeters are used to measure water but this
method usually requires an inappropriate amount of routine main­
tenan,:e.

3. The timing mechanisms in:;Lalled within the electric power circuit
to borehole pump m'.Jtors automatically control pumpin~; intervals but
require constant .. ttention in o~ der to maintain a "d'~'y hole"
con.1ition.

Prob!ems of Monitoring Water Production

1. Sol1is and ga~ in waterlines cause significant meter inaccuracies
and/~r. pump malfun~tions.

2. Improper pump intervals allow water to rise in boreholes
above coalheds. reducing gas production; or allow water
to fall below pump horizons, resulting in excessive wear of
equipment.

- 3 -
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Improved Methods for __~nitoring Water Production

1. Gas contained in waterlines can be r~~oved before the water is
metered by incorporating a vented separation tank ill the surface
water flow system.

2. Most large pieces of solid debris carried through waterlines settle
in the separation tank (Item 1, above). The remaining solids, sus­
pended in the flow system, can be removed with a dirt-anJ-rust water
filter installee downstream from the separation tank.

3. Downhole pump stoppage due to lodging of large pieces of coal or
other rock material can sometimes be averted by installation of a
screen at the lower end of the water production tubing.

4. Automatically controlled pump cycles must be checked frequently and
l~set with every significant change in water production. An alter­
naliv~ method to cycled pumping is the use of a ~~ri~ble-speed control
on the pump.

5. To prevent freezing, surface waterlines can be wrapped with heat
tape and then covered with insulation.

Method of Removing and Measurulg Gas

1. Gas is produced through the annular space bet~een the water
produ~tion tubing and borehole casing.

2. Wells should be produced under minimal back-pressure.

3. Diaphram, rotary, and turbine type gas meters are used to moni.tor
degasification borehole gas flows.

Gas Production Monitoring Problems

1. Water build-up in gas line~ decreases meter accuracy and can
permanently damage workin~ conlponents when freezing occurs.

2. Sudden pressure release aiter ~~lls h~'!e been shu~-in, or when un­
loading occurs can damage gas monitoring equipment.

Jmprovecl Methods for Monitoring Gas Production

1. Commercially available filters are designed to remove fine
solid particles from gas lines with very little pressure drop.

- 4 -



2. The moisture content of coalbed gas is rA~oved by cooling. nb­
sorption. and impingement.

3. Meter inaccuracy and possible meter damage caused by su~den pressure
release is avoided by allowing gas pressure to bleed-off gradually
while maintaining flow pressures within the given meter range.

4. Ice formation in gas lines near the wellhead is prevented b~' properly
insulati.ng and heating the meters and other po:~nts favorable to water
accuInulatLm. The number of routi.ne field inspections: should be jn­
crea3ed ouring cold weather periods to assure minimum condensate
b\.1i1j-u~•

Ana.!):2.es O~ Gas Produced From Vertical Boreholes

1. Methane content of gas sampled from 34 vertical boreholea average
approximately 96 percent. Th~ percent of higher hydrocarbons
average O.D~ percent.

2. Hydrogen~ helium, carbon monoxide. sulfur dioxide, and other such
gases prbsent in co~ventional natur~l gas are only rarely found
in coalbeds •

3. The heat of combustion of coalbed gas 1s comparable to that of
natural gas, ranging from 900 to 1,100 BTU/ft3 •

Introduction To Well Stimulation

1. The basic mechailics of the stimulation procedure include:

a. Generat~rn of e hydraulic fluid force at the surface by p~mping.

b. Application of this hydraulic force to a selected roc~ unit
through a borehole which causes a fracture, or wIdening of a pre­
existing fracture.

Co. Extension of this break by continued injection (pumping) of fluid.
d. Addition of propping agent which serves tu hold toe fracture

open after the applied hydraulic force is released.

2. The inteut of sti.mulation is to propagate conductive fractures from the
wellbore to a point up to several hundred feet away within the
coalbed and thus expand the area being drained by the wellbore.

ghysical Rock Properties Affecting Stimulation

1. Natural fracture systems can account for fluid "leak off" during
stimulation treatments. Induced fracture direction(s) also parallel
natural fracture trends and can be predicted within 10
degrees azimuth.

.• 5 -
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2. Mechanical properties of rocks can be used to predict breakdown
parameters for stimulation if the rocks exposed ~o treatment are
"flawl~ss." This is a tenuous viewpoint considerir.g ::he natural
fractured condi~ion of most rock strata.

3. It is relatively eAsy to propagate fractures int~ future mine roof
or floor if the rock 1s already fractured.

Characteristics of Induced Coalbed f'ractures

1. Induced coalbed fractures may be oriented vertically. horizontally.
or inclined.

2. The direction of vertically induced fractures is usually parallel
to existing natural fracture trends.

3. Fracture length ~s usually less than the length predicted in frac
design. One reason fOl" this is excessiv~ fluid "leak-off".
More viscous treating flUids produce short fractures.

4. Given similar ~reatment pressures. fracture width is controlled
mainly by fluid vi.scosity. Highly viscous fluids produced wide
fractures.

5. The size and aJ::-angeme.. t of proppant material within induced frac­
tures controls the ease of fluid flow through these fractures ana
effects the amount of coalbed pressure reduction attainable within
a given time period.

6. Continued accumulation of sand proppant in boreholes suggest closure
stresses are less than originally anticipated.

Stimulation Using Gelled Fluids

1. Twenty-two stimulation treatments llsing gelled fluids have been
conducted since 1970. This type of hydraulic fluid is water based.
and contains natural gum to thicken the mixture allowjng it to
carry ~and proppant and retard fluid leak-off.

2. Six case studies illustrate the Government's past experience using
gelled fluids.

Sti":nulation Using Foam

1. Thirty-nine Government Eponsore~ coalbed stimulation tests have
been conducted using foam. This type of hydraulic fluid is a
mixture of liquid (usually fresh water). gas. and foaming surfactant.

2. Four case studies illustrate the Governmen'~'s past experience using
f08n,.

- 6 -
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Miscellaneous Stiaulation Techniques

1. An ~xplosive type fr~cture treatment yielded no increase in
gas production. The 9~me p~or production ree~lt~ WCL~ ubLtiin~Q

aftet pumping nit ..:ogen gas into a coalbed.

2. One expi'lr.imental coalbed stimulation des:!.gn incorporatE'!s the use
of gellil~g agent!;. water and liquid C02' Several months of pumping
after the treatment produced only small amounts of gas and water.

3. The patented "Kiel Frac" has beeil. applied t .... ic£> to mineable
coalbeds. This type of stimulatiou incorporates the use of sar.d
and water and is applied in pressurization/depressurization cycles
or stages. A p~e1iminary underground study showed this technique
to produce horizontal fracturing.

4. A stimulation design recently tested uses foam and a very low
injection rates but ~oe5 not include a solid propping agent.
The possible benefits of this design include: better fracture
height control, and the elimination of pumping problems resulting
from inflow of frac sand in oparating boreholes. This design NlS

been tested one tim~ in the Mary Lee Ooalbed and the production
rpsults WEre encouraging.

Production Prublems Related to Coalbed Stimulation

1. The presence of gel or gel residue is believed to greatly retard
fluid £lOti to wellbores. especiclly t.."hen this gel material is
used i~ perforat~on type completions.

2. Sand proppant, carried baCK to the wellbore, results 1n mechanical
pump failures or severe losses in pump efficiency.

3. Well unload'ln.~, similar to well "blowouts" in petroleum industry
terminology but much 3maller 1n scale. refer:; to occasions when
much or all of the water contained in a well is carried to the
slll:"face by volumes of expanding gus. During unloading, fluid
velocities are very high and fluids become exceptionally
eff~ctive carriers of solid debris to wc11bores.

Effects of HydrauliC Stimulat.ion on Mining

1. Of 64 Government sponsored stimulation treatments, the results
of 12 have been observed directly underground.

2. The resulcs of stimulation have v~r1ed greatly within the sam~

coalbed and even within the same mine.

- 7 -
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Potentially. th~ worst mine roof condition attributable to hydraulic
stullulation is the extension of horizontally-oriented fractures.
positioned above the cuel unit(s) being mined.

To dht.e, th~re has been 1.0 observed or !,p.ported affects on roof
sta)ility to indicate the Government's degasification program
adversely affected mining operations.

The Effects of Removing Coelbed Fluids Before Mining

If not sufficiently depleted. produ~ing boreholes creates
favorable conditions for gas release and migration into mines.

There are two ';,ra'{S which mining can avoLd potent ia.lly excessive gas
flows: (a) allow the well to deplete. or (b) pump W$\t~r back into
the coalbed through the wdlbore or sim.ply turn off the devdtering
pumps and allow the boreholes drainage area to "flood" iteelf
naturally.

Cost of Vertical Borehole Degasification

~.
~-'

­'.

Current t~tal costs for drilling and completing (includir.g adequate
stimulation) a vertical degasification borehole range h'om $54 to $/)3
per foot of borehole depth.

- 11 -



BOREHOLE SPECIFICATIONS

Farly degasification efforts included attempts to utilize explor­
atio~ core holes placed by coal mi~ing companies for formation testing
in the Pittsb~rgh coalbed. These efforts were unsuccE3sfui because of
the small diameter casing (less tha.n two inches) and thoU limitecl size of
stimulation equipment that could be used (2).2/ Today. the minimum size
diameter borehole drilled is six inches. After casing. tbe inside dia­
meter of the well is uGually four inches which is large enough to ac­
commodate !llost standard downhole oil field tools. pipe tubing. and water
pumps.

The borehole used to drain gas ahead of mining can b~ used for mine
development after the well has been intercepted underground. The diameter
of these wells can thus be specified to meet the intended use in the
mine plan. Such wells provide ventilation. convenien~ power. dust. or water
transport avenues from the surface to mine workings. Vertical wells have also
been used to manifold gas drained from holes drilled horizontally from
within the mine to the surface.

1/ Under.lined number in parentheses refers to ~tem in the list of
references.
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SOME PRINCIPLE~: OF COALBED GAS STORAGE, RELEASE, AND MIGP.ATION

Coalbed gas is adsorbed onto the internal surfaces of coal matrix
material (31). The amount of gas contained in this manner within any
given areaof a coalbed depends prima.l'ily on the coals' inherent storage
capacity and on the physical conditions of the coalbed. Kim (2Q)
indicate'> that the amount of gas thaI: -:oal can contain ::'s liT'lited by
coal rank. Within a given rank, however, the am.;lunt of gas actually
adsorbed on the COal depends on the pressure/temperature ristory of the
coalbed. For practical application, the q~antity of gas is assum~d to
be that which is at equilibrium with the meabured pressure/tempen.tur,~

conditions of the coalbed. This relationship is be3t illustrated by
equilibrium isotherms as shown on Figu~e 1.

Adsorption i otherms demonsrrate how coals capa~ity decreases
when external pressures are redu,ed. Induced pressure reductions,
intentional or otherwise, figure lleavily into the bar;es of all the gas
control or drainage eff0rts presently Jeing tested. Any opening
in a co~lbed from which fluids are removed, lowers pressure and
changes equilibri~m conditions in the area surrounding that opening.
The coal affectad by this pressure reduction releases a po~tion of
its gcst> 111 order to achieve eq.lilibrium with the new reservoir condition.
A working mine, a shaft d4aining water, or a produci~g borehole each
disrupts a coalbed's previous pressure/gas storage equilibrium in
a way which causes gas to be releaseJ (desorbed) from the coal matrix.
This is why degasification efforts are designed, in ef .ence, to
cause coalbed pressure reductions ahead of mining.

Once released from the coal's inner surfee areas, coalbed gas
travels by diffusion to natural tractures in the coalbed referred to
as "(:.1.eat". Once gas enters these fractures, migration is similar
to conventi0nal fluid flow (Darcy flow) to a point of lowest pressure;
i.p.., a borehole, a mine, a shaft, and so forth.

- 10 -
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EFFECTIVE WELL PLACEMENT

The two most important reservoir changes brought about by the re­
moval of coalbed fluids are: (1) pre3sure reduction, and (2) a lowering
of water saturation (25J. The equilibrium sorption isotherm, Figure 2,
demonstrates the critical importance of the c~albed pressure condition.
Tr.e isotherm shows that as pressure is lowered, sufficieht gas will
b~ r~leased to ceestabl~sh equilibrium at the new pressure condition.
In addition, the gas ~hich is relea~ed into the coalbed's fracture system
is made ffi0Te readily available t(r flow to the wellbore as res~rv~ir

watf'r saturat!or. is red:Jced. Thb is because the coalbed' s permeability
to 3as flow increa~es as ctemop.~trat~G on ?igur~ 3 (~).

Production From Single Wells

Experience has shown that !lingle wells in virgin coalbeds do not
produce high sustained gas flow rA~?S. This indicates that they cannot
reduce coalbed pressure and decrease water saturation rapidly enough
and/or to a-great enough degree to maintain high flow rates. Given a
water-saturated condition and an infinitely large reservoir, fluid
drainage can only be effective in an area where permeability to the well
is greater than the coalbed's natural permeabilIty. At stimulated
wells, this effective drainage area is directly related to the length
and cunductivity of the induced fractures. Outside thesu zones of
ir·juced permeability. significant pres&ure and saturation reductions
occur slowly because '.later is supplied by the coalbed at nearly the same
rate It is removed.

Wattr production from a single well is typically high dULing early
phases of pumping since water originates primarily from the area of
induced permeability around the well. Water flow, however. decreases
sharply and drainage expands beyond this highly permeable zone. This
lower level of water prod~~tion then very slowly decreases throughout
the remaining life of the well.

It'lgure 4 shows a gas production curve from a well placed iT. a
coalbed far from other drainage points. Even though coalbed fluid
pressure was reduced several hundred feet away from this well (Figure
5). the reduction was small and only a small percentage oi the total
amount of gas stored in the coal was released (refer to Figure 2).
Since there was relatively little gas aV3ilable for flow, gas production
rates declined quickly. The production curve shown on Figure 6 also
demonstrates the relatively rapid decline and low gas flows measured
from single ~ells isolated from other drainage points.

- 12 -
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FIGURE 2. - EQUILIBRIUM SORPTION ISOTHERM
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VOLUME ADSORBED, em:'
(STP)/g DRY COAL

.----.,.....---.,.--...,-----.---r--...,.

22

2ti

18

16

14

12

10 ~

8 -

6

4

2

MARY LEE COAL
JEFFERSON COUNTY, ALABAMA

--f
% GAS -1

_ ~P.al,,! OESORBED I
A . 0 INITIAL GAS I

I I CONTENT --I
AIOBI10 I 11 I
Aloe 20 33 l

70
o L..----LI-_.....LI__.L.I_._.L__...L-_~I_ __J

o 10 20 30 40 50 60
PRESSURE, aim

- 13 -



FIGURE 3. - GAS PERMEABILITY RELATIVE TO
WATER SATURATION (22).
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FIGURE 4. • PRODUCTION CURVES FROM A
DRAINAGE WELL PLACED MORE THAN
3000 FEET FROM ANOTHER DRAINAGE
POINT IN THE MARY LEE COALBED.
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FIGURE 5. - COALBED WATER P~ESSURE DECL.INE
MEASURED AT OBSER~~IATION WELLS PLACED ALONG A

NORTH-SOUTH LINE AND UP TO 2,945 FEET
FROM PRODUCTION WELL..
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FIGURE 6. - PRODUCTION CURVES FROM A COALBED GAS
DRAINAGE WELL PLACED MORE THAN 3lYOO FEET FROM

ANOTHER DRAINAGE POINT IN THE BECKLEY COALBED.
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Produ~tion From Well Patterns or ~ear Mine Operat~ons

A more efficient method used to reduce pressure and decrease water
saturation is to draw fluids from a JIl.ore "11ruited reservoir area" of a
coalbed. This can be accomplished by completing multiple-well patterns
or by p~sitioning wells close to mine workings. A& coalhed fluids are
removed from two or more well-s, the drainage areas overlap, and alloW'
the wells to remove fluJds from specific reservoir areas.. By doing
this, coal~ed pressure is reduced to a greater dagree within & shorter
p~riod of time, allowing much Llore g"3S to be released. llater saturation
is also lowered to a greater degree increasing gas p~r~eability and
enhancing gas flow tu the wells.

FigurE' 7 demonstrates a square grid or "experimental" arrangement
of wells us~d when little is known about th~ specific flow and/or
structural properties of the coalhed. Another pattern, shown on
Figure 8, is an arrangement which could be used to take ad',antage of
certain directio~al permeability characteristics, I,S would be determined
from geologic ~tudies (28) (2~) (30) (6) or from prior experimental drilling
work in the area (2.l). - - - -

Figure 9 demonstrates one type of well arrangement which can be
used near mine wurkings. Here the mine workings ~nd the surrounding
wells create o"erlapping drainage areas. Production has been encouraging
ftum the few boreholes complet~d successfully near mine workings (26).
Figure 10 shows production measur~d from or.e such well placed abouC-600
feet from a mine opening. Cas production from this well began to increase
about 60 days after pum~ing was initiated because an overlapping drainage
area was established between the well and the mine opening. The same
type of production (shape of curve, Figure 10) is expected from wells
placed in grid :,att~rns sLlce overlapping drainage areas must occur.
Current research on spacing is being condurted so that the distance
and time required for overlapping drainage to occur can be forecasted.

- 18 -
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FIGURE 10. - PRODUCnON CURVES FROM A COALBED
GAS DRAINAGE WELL PLACED NEAR MINE
WORKINGS IN THE MARY LEE COALBED.
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DRILLING

Degasificati.on boreholl~s are normally rotary drilled using portable
drilling rigs similar to that shown on Figure 11. Rigs capable of
drilling with 4-1/2 inch diameter drill pipe to depths up to 2.500 feet
have been used most extensively. These rigs are usually equipped with
an air com9ressor and a water or mud pump.

Drilling operations have utilized air. mist, water. foam. or mud
as a medium to carry rock cuttings to the surface. In ord~r to minimize
the possibility of coalbed permeability damage by infiltratJ.on of
drilling fluid, more recent operations have strictly avoidea the use of
drilling muds except where they were considered absolutely essential.
Air, or light foam. are the most desirable drilling mediums used today
since they guard aga~.•\st permeability damage and increase drilling
speed by reducing l-0re prE:sE'ure at the bit/rock interface (!Z).

The type of bit used to penetrate coal strata is an important
consideration in drilling coalbed drainage holes. Coal. because it
has a lo'W illechanical strength. readily suffers formatioIl damage and
this reduc,~s the permeability at the well periphery.

Tri-c\)ne drilling bits were used almost exclusively during the
early phase~ of experimental work. More recent work using air drilling
techniques ~~s enabled operators to use percussion type bits which
easily penetrate the rock types encountered. Care must be taken.
however, when using such high compression bits when drilling soft
coal horizons because mechanically induced formation dam3ge may occur.
One practice has been to switch from a percussion bit to a tri-cone
bit several feet above the expected coal-bearing hor1?on (~).

- 23 -
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FIGURE 11. - TYPICAL SIZE AND
TYPE OF DRILLING RIG USED TO ROTARY

DRILL COALBED GAS DRAINAGE BOREHOLES.
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There are two general methods used to QL.taln recorns or "logs" of
the various rock strata penetrated by coalbed gas drainage boreholes.
The first method is applied during drilling operations and invc:ves the
sampling of rock or fOrThdtion fluid(s) ~nd the measurement of penetration
rates. The second method of logging bo~eholes Is a~plied during any
Ilon-dri:ling phase of well development and includes the use of
wire-line electrical logging equipment.

Depth and thickness of th~ coal units pene~rated in boreholes are
of primary concern to ~uccessful drilling projects. This information is
vital for stratigraphic cor~'~lation purposes. !"Jell completion plans, and
stimulaticn design. Rock cuttings and drilling timelogs, though helpful
to the operator, ale generally a poor substitute for the type of precise
inform~tiQn usually r~quired. Best results have been obtained from
cores but these are quite expensive, especially when obtained from
larger diameter bor~holes. Geophysica:!. logging is much less expensive
and can be used to delineate coal zones less tha~ a foot thick (~).

Geophysical logs which measure rock density are excellent for use
in coal identification and are used most often in drilling projects (!.),
(14), (23). The relatively low bulk densitias of coal cause distinctive
log responses which are easily recognized. Such density logs are
obtained for boreholes before they dre cased.

Logging devices which m~asure levels of natural radioactivity are
also used to record the presence of coal in a horehole. One such log
uses a Gamma-Ray counting device usually run in an openhole along with
a density tool. The Neutron log, a reasonably good indicatol of coal,
is a valuable tool used to locate coal zones after the borehole is cased.
This becomes of major importance if several zones are to be er.posed to
the wellbore for gas drainage.

netermi~ation of hole conditions is necessary to many well com­
pletion procedures including selection of casing equipment (pac~ers,

centralize.s, baskets, etc.), and cementing operations parameters
(slurry vollJm.~. type of cement required. necessary additi"ies). This
is espe,~ii:ll1y true when hole cavings and lost circulation problems are
experienced during previous dr~lling operations. Although most geophysical
logging tools respond to variations in borehole diameter, they do not
give the prt:!cise qu:antitive information normally required. Therefore,
a caliper devic~ is usually run in an c?enhole hole along with the other
logging tools. T~e caliper tool consists of spring loa1ed arms which
ride along the walls of the hole. These springs are compressed, or extended
by the variations in the hole size as t~e tool is raised and recorded
on graphs at the surface.

There are several Qther types of logging aevices a~ailable which,
alt~ough not included in past work. may prove to ~e helpful in future
proje.:ts. Figure 12 zhowR some of these logs clnllg v.'i.th the more
traditional logs and each tool's responRe to coal and associated rock types.
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FIGURE 12. - SEVERAL TYPES OF GEOPHYSICAL LOG
RESPONSES TO COAL AND ASSOCIATED ROCK STRATA.
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COMPLETION

Coalbed gas drainage boreholes are drill~d or cored through one
or several coalb8d horizons. An auditional length of borehole is
drilled below the lowest coalbed to allow water and debris to collect
in a sump below the coalbed.

Boreholes that drain gas from a single horizon are typically
cased and ~2mented from immeJiately above the coalbed to the surface,
as shown on Figure 13. This "openhole" type completion is accompliahed
using a~e of two mpthods. The first method is to drill the entire
~ength of borehole; :oc~te the coalbed using logging toolo; and then
set casing equipped with an 8xpandable packer shoe, to just above the coalbed.
Tr.·~ advantage of this type of ?pe'lhole completion is that it allows
the coal 20ne and the SLm~ interval ~~ be logged as well as the rest
of the hole. A drawba~k to this method is that the pack~r used to
seal-off the coal zone often rails, exposing the coal to cement. The
second method is to drill to the top of the ~oalbedt set casing, and
then cement. rh~ r2maining portion of the hole (the coelbed and sump)
is then cored or drilled out. Since it is not possible to log the
coalbed interval, this method should be used where stratigraphi~ control
is suitable tu locate casing ~ithin a few feet of the top of the coalbed,
as would be the case for a well pattern or wells placed near mining.
This method is simple in that it does no~ rely on a packer; and it
effectively prevents damage caused by cementing. An added benefit
is th.:lt coal s3.mples can be retrieved for "direct method" gas content
t~sting (21) and/or determination of various physical and chemical
propertieS-of the coalbed.

Casin~ l!1ay be set through se"eral coalbeds along the full depth 0;;
the bor~h-.;le. Production is then accomplished through openings which
are either cut or shot througp the casing ~t each coalbe~ horizon
This manner of completion allows any num~er of selected horizons to be
produced simult~neously (Figure 14). One disadvantage cf this method
is that coals are directly exposed to cement and ~equire the use of
light weight, low fluid-loss cementing materials which are r,'lactvely
ex?ensive. Costs alsu increase as extra Well services may be nec~ssary

to remove the cement damage.

Exp~rience has shown that coalbeds drain gas most successfully
when exposed to the wel'bore using an openhole m~thod of completiun. This
typ~ of completion p~ovides the maximum exposure to production of
water and ~as with minimal chz.nce of formation plugging by ilivasion
of well ce"lent. Opeuhole complet ion also provides the least interference
with underground mining operations since there is no steel casing
present in the coalbed to be intercepted. At w911s where more than
one zone is produced, however, several coal horizons may have to be
completed through the casing. The practicality of openhole completion
also becomes limited if the coal ~one to be produced is exceptionally
~hick anJ/or if tt is prone to caving.
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FIGURE 13. SINGLE-HORIZON «()PENHOLE) COMPLETION
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FIGURE 14. MULTIPLE-HORIZON (THROUGH
COMPLETION.
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Government research has tested two completion techniques used to
expose coalbeds through casing: perforating using shaped charges;
and ::uttlag vertical slets using jetting equipment.

The perforating technique has been used to produc.? gas fruID
15 d!iferent coalbeds. At least a dozen of these coal1eds have been
hydraulically stimulated with treatment volumes rangin~ from 5,000 gallons
to over 55,000 gallons. Nevertheless, in all cases tested, production
from perforated wells has beeu significantly lower than the production
measured from wells which were openhole completions.

~artial plugging of per[~rations is thought to be a major cause for
the comparatively low flows measured at wells completnd through casing
in this manner. The materials responsible for such flow restrictions
may be solid rock partic!es contained in most wells (24), or heavily
gelled frac fluids which have failed to "breakdown" aftt!r stimulati"!'!.
(23, 1.2.).

Another reason for poor production from perforated wells is that
even though several openings are created, only a few may have a direct
connection with the fracture induced as a result of well stimulation.
In one partie.ular case studied, a test wellbore's connection with the
induced fracture was limited to the ~xtreme lower portion of the coalbed
(23). Since water drained to lower horizons of the coalbed and desorbed
gas (free gas) accumulated in the upper horizons against overlying
impervious shale rock, the tesl well could only produce gas when gas
pressures temporarily exce~ded water pressures, or when the coalbed
became totally "dewatered". Similarly, a wellb{1re with direct
communication to only the upper portion of the coalbed could not be
expected to provide much gas because the dewatering proc~ss would be hindered.

Jet slotting is thought to be a viable alternative method to gun
perforating wells through casing. This technique incorporates a two to
fo~r jet nozzle slotting tool which is lowered down the well on small
diameter high-pressur1a tubing. Slots are then cut by pu.nping sand-laden
foam or water down the tubing and through the jetting device. As the
abrasive mixture is pumped, the tubing string is moved up and dOlm
cutting a number of vertically oriented openings through the casi.ng.

Si.nce slots are cut vertically to expose the entire coalbed thick­
ness, it is very likely that all the induced vertical fractures will
have a direct and c0ntinuous connection to the wellbore. The coalbed,
therefore, can be drained more efficiently than could be expected using
perforations. In addition, although the possibility of partial plugging
of slots exists, it is mu~h less likely than with perforations, because
slotting creates a much larger opening. The area expose:d by four slots
1/4 inch wide along a five foot interval, for example, is equal to about
300 1/2 inch diameter gun or shot perforations or approximately 60 perforations

- 30 -



I
~.,r •. -~ ..

per foot. An added benefit to slotting is that the technique
removes any cement adjacent to the produt:tion opening ,3.nd leaves a
clean. notched (penetration measured to be 12 to 15 inches) zone thet
is highly suitable for atimulation.
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GENERAL METHOD OF REMOVING AND MEASURING YATER

The removal of WElter from coalbed strata is crucial to allY
successful borehole degasification field operation. yet little has been
accomplished in the area since 1970 when Elder recognized a need for
cont inuous long-term ')umping (13). The pump equipment prescribed at
that time and the stalldard equipment used at the present has not
changed noticeably. This should not suggest that the borehole water
removal sy~tem used in the last 10 years is either recommended or
even adequate, especially (or today's higher rate, multizone completed
wells. The basic downhole plunger pump/surface rocker arm system has,
however, proven to be a relatively effective, inexpensive, and durable
off-the-shelf item that is highly suited fer most shallow, single zene
well completions.

Water drained from exposed formations collects in the borehole
sump ard is removed using a sucker-rod pump. Water is then 'Drought
up through the holes via production tubing, normally l~ to 2-3/8
inches in diameter. On the s·.Jrface, the water is then piped through
a positive-displacement meter and me.:£sured. The mechauical configuration
used to drain water from coa1bed gas drainage boreholes was adapted
from oil field applications and has proven to be effective when water
drainage is less than 200 bpd.

A tim1ng mechanism is sometimes installed within the electric
power circuit to the pump motor which automatically controls pumping
intervals. In th~.s manner, a pump may be preset to operate during
designated intervals of each 24 hour period.
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WATER PRODUCTION MONITORING PROBLEMS

Solids in waterlines have caused significant meter inaccuracies
and pump ~alfunctions. Freezinr, temperatures have resulted in loss
of water production data anJ permanent damage to wellhead equipment,
pipes. and rn2ters. Improper pumping interv,lls have allowed ~~ater to
rise in boreholes to levels above the coalbl~d. and reduce gas production;
or have allowed water to fall to ':Ile pUl.1p horizon. and resulted in
excessive wear of eqUipment. Such water-related problems result in
higher mairtenance costs in terms Qf meter repair, rig time, and number
of manhours prescribed to insure propel well operation.

Solids in Waterlines

Water produced from boreholes. especially during ea~ly stases of
production, nounally contains some coal or other rock fines. Scale
resulting from oxidation of casing and tubing is another common so~ld

in th2 water prodlJced. If formation water contain~ large per~antages

of salts, precipitates may form in surface flow lines and increase the
total solids ill tht:! water.

~xcept for very large particles, most solids pass throu~h the
~::.ter pre-r!uction and monitoring system without difficulty. The solids
rema~~l~ng in the system usually accumulate in the housing chamber of
the ~ater meter, impai~ing and event~ally stopping the measuring
mechanism. At some wells, however. meters repeatedly malfunc.tion within
several days after meter installation.

Rock material sometimes becomes lodged in valve openings in the
downhole pumping mechanism. Usually this material is coal or shale
that has sloughed-off formations exposed in the well'!lore. rump stoppage
due to lodging of this material is most likely to occur during the
first few days of production and ~~reclally after the well has been
s:':imulated.

Well bore water sometimes freezes ins~de surface lines, restricting
flow and causing leakage. Extended freezing weather conditions result
in permanent damage to wellhead equi~ment, pipes, and meters.

Gas-producing coals are normally several hundred feet deep, and the
wa;:er dr..ined ~"s usually we-rm compared with winter surface temperatures.
If pumping is controlled by a timing mechanism, there are periods when
no water moves through surface lines. Pater remaining in the lines dUl" tng
the5~ periods cools rapidly and may freeze •
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Improper Pumping Time Interval

To achieve maximum gas production frow coalbed gas wells, borehole
water levels must be kept below the lowest producing coalbed. This 1s
accomplished by either operating the pumps continuously" or time-cycling
pumps to operate for certain intervals each d8y.

Continuous pump operation over ~{tended p£riods (mont~s) may result
in Excessive wear of moving parts within the motor and the pump j3ck.
Downhole pump components may also be worn quickly, especially when bore­
hole water has bet-n lowered. to the Fump hori::on causing a dry ul: t>ellliuI"y
condition.

Wells equipped with a timing mechanism to control pumping time
.f.ntervals sllould be adjusted af> changes occur in water flow to rhe
wellbore. At many well sites, pumping times are improperly set. In some
cases the time is too long, causing excessive pump wear. Where the
time is to~ short, the fluid level is constantly 8~ove the coalbed, thus
I i!Rit tng produc t 1.on.

Gas in Waterlines

Gas passing through poeitive-displacement water meters is measured
as water and may account for significant errors in production records.
Such ecrors are found to be very common. At some wells, gas accounted
f~r up to 75 percent of the met~red water volume. Gas enters water flow
lines in the dissolved state (r.s minute bubbles of gas coming out of
solution) or as free gas drawn directly into lines by the downhole pump.

The solubility of coalbed gas increases directly as pressure
increases, and diminishes as temperature increases. As much as four
cubic feet of gas can be dissolved in one barrel of water (42 gallons)
at a depth of 1,000 f~et, based on a hydro&tatic pressure of 443 psig and
a fo~mation temperature of 1000 F (40). As the pressure gradient is
reduced around a wellbore t some of the dissolved gas comes out of
solution and is pr0duced through gas flow lines; however, a percentage
of the dissolved gas remains in the water 3S it is pumped. This gao
comes out of solution while being brought to the surface and is measured
through the waLer meter. F~eld tests to determine the degree of meter
error resulting from such JisBolved gases have been conducted at several
wells. At the- start of the tests, borehole water levels were knowr: to
be at a static level well above the downhole pump horizon, preventing
large quantiti~s of undissolved gas from entering waterlines. The
meters were checked for accuracy before and ~fter these tests. Results
indicate th~t dissolved gases account f~r 10 to 23 percent errors in
meal~urements of '""ater production.
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Improper cycle settings or continuous pump operations which lower
water level in a borehole to the downhole pump horizon cause gas to be
drawn directly into waterlines, pumped to the surface and result in
large errors in metered water meaeurements. Tests conducted at wells
~~ere fluid levels were known to be at or near the base of the downhole
pump show reeter readings from 20 to 75 percent greater than the actual
volume of water removed.
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IMl'ROVED METHODS FOR MONITORING WATER PRODUCT10N

Gas contRlned in waterlines can be removed before water is metered
by incorporating a 30 to 50 gallon capacity, vent~d separ~tior. tank
in the surface water flow system. Such tan1,.s have been t~sted at
several producing wells where gas in waterlines r~d severely decreased
meter accuracy. After the tarks were installed, m~ter accuracies
increased to over 98 percent in all ca&es. The suggested position and
installation design suitable for use at coalbed t~S welJs is ShO~1 on
Figure 15.

Most large pieces of so'.id debris carrie~ through waterlines
settle in the separation teak. The remaining solids, suspended in the
flow system can be take~ out of the water with a dirt-and-rust water
filter installed downstl'f~am from the separatiull tank (Figctre 15).
The type of filter used at testwell sites is a small plastic unit with
a 3/4 inch diameter clJ;lr,ection and a replaceable filter cartridg-=.

DO~lhole pump stoppage t~om lodging of large pieces of coal or
other rock material can be avoided by installation of screens at the
lower end of the wa!:er production tubing (Figure 16). Stainless
steel screens identical to those used in th\.. water-well industry have
be~n used successfully in many of the wells comp'eted.

Cycled pumping, if properly maintained, is effective in control:i~g

borehole water levels without causing unnecessary wear of equipment.
rump cycles must, h0\Y~Ver, be checked frequently and reset with every
significant change in water production if optimum benefits are to be
realized.

One system that automatically controls pu.mping incervals to
maintain water level below the coalbed is being tested at ~everal well
sites. Two electrodl. wires are faste,-ed to the water tubing; one
near the bottom of the hole in the sump ~nd the other just helow the
base of the coalbed. When the borehole water level ~jses to the to?
ele~trode, a circuit is completed that activates the pumr- jack motor
(Figure 16). Water continues to be pumped from the well until the
fluid level drops below the lower electrode. This system eliminaces
the frequent need to monitor till-up rates and the possibility of
drawing large volumes of gas through \Jaterlines because the downhole
pump is always submerged in fluid.

An alternative method to cycled pumping involv~s the use of a
variable speed control on ~he pump. After the borehole water has
been lowered to the pump horizon, pump ~'tJeed i.g rCdl)Ced (,0 the fluid
level is held constant. Periodic checks for changes in toe well's
gas productivity would then indicate a need to change the pumping speed.
After shut-in periods or mainlenance, the pump is a<.'justec1 to full
capacity to Gewater the wellbol."e mor~ rapidly.
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FIGURE 15. - SURFACE WATER-PUMPING AND MONITORING
EQUIPMENT.
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FIGURE 16. • SUBSURFACE WATER·PUMPING EQUIPMENT
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To prevent freezing. surface waterlines are wrapped with heat tape
and then covered with insulation. In areas where severe and plolonged
low temperatures are common. waterlines are buried b~low the frostline.
In addition. meters. water. filters. and separator tanks should b~

contained in small. insulated meter houses. Heat l~pa. installed in
these houses. have proven to ue a simple. effecti~e. and inexpensive
preventative against freezing. (All houses shouli be ventilated to
some degree. especially those which use heat lamps.)
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GENERAL METHOD OF REMOVING AND NEASURING GAS

Cas from coalbeds is procuced through the annular space between
the water production tub~ng and borehole casing. Wells are normaily
produced under ~inimum back-pressure in order to optimize coalbed gas
desorption and lJater drainage. Once gas reaches the surface, it is
piped through a positive-displacement meter ,,,here it is measured. Three
types of meters have been used to measure cu~lbed gas productio~. ~epending

on the \iplumes of gas produced. Diaphragm meters are normally used
on nonstimulated wells that produce less than 10,000 cfd at STP.
A common kind of meter used to monitor gas flow from ctimulated wells
is the rotary me~er with a mEa&uring capacity of about 84,000 cfd at
STP. Four inch turbine meters are used to monitor flows of over
84,000 cfd at STP.
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GAS PRODUCTION MONITORING PROBLFMS

Gas produced from coalbeds contains water vapor that condenses
and collects along various points in the gas line, incl~ding the
meter. Field studies indicate that water bu~ld-up dpcrease3 meter
accuracy and, in many cases, permanently darnagp~ working components. The
ei~~~ts of even small quantities of wat~r In gas lines are most pronounced
during peliv~~ of freezing weatheT_ Sudden pressure rel~'lse after wells
have been shut-in resuiLs 1n tempornry, large-volume gas flows usually
greater than can be accurately measured by the gas meter. Rock fines
accumulate within th€ gas meter over time, but solids build-up accel~rates

if excessively high gas volumes are allowed to flow through lines.

Water in Gas LinEs

As We.rm coalbed gas is cooled at the surface, some of its ability
to carry moisture is lost; therefore, condensation occurs. The water
condensate accumulates at low points along the pipeline and in metering
devices. The problem occurs frequently during winter months when
differences betwe~n gas temperature and surface temperature are the
greatest.

Reduction of gas flow ve~ocity also causes water to separate from
gas; this occurs in areas where pipe diameter increases, providing
favorable sites for liqUid accumul~tion.

Finally, water is stripped from ~he gas stream at angled sections
along flow lines and at meter location~ 'lhere there i.8 turbulent flow
resulting from the collision or impingement of gas against pipe wa~~s

or meter chambers, causing moisture to be condensed fran. the gas.

£.reezing

The problem of water in gas lines is greater during periods of low
temperature because conditions for condensntion are inten~ified. The
problem becomes acute when temp~ratures drop below freezing. Even
small ~mounts of ice in gas flow lines cause back-pressure, and result
in apparent low coalbed gas production. Format~cm of ice it' gas mf'ters
has damaged mbny af these instruments since the Government first began
its coa1bed gas-dr31nage program several years ago.

SuJden Pressure Release

Sudden, uncontrolleQ release of gas pressure has been a major cause
of meter inaccuracies and has resulted in severe meter damage on many
occasions.



Gas flows from wells are shut-off routinely for pipe or meter
maintenance, or to test for pressure buildup. During these p~riods, gas
continues to flow from the coalbed, building pressuce in ~he wellbore.
When the pressure is released quickly, a sudden surge of bas, or
pressure wa7e, strikes the meeer. Diaphragm me~ers are especially
vulnerable to this surge and are almost always damaged. Rotary and
turbine meters, although not damaged as easily, ha"c been tendered
inoperable by sudden surges of pressure.

Although damage to the meter may not occur, signifiear terrors
have resulteJ from recording measured gas volumes during a period of
gas pressure release. When gas is moving under pl:essc:re, ltlore vo lume
(at standard temperature and pressure) passes througb the meter than is
actually indicated on the meter index. If the necessary correction
multip.i..iers for gas flow under pressure are not applied, incorrect
volume measurements result.

Sudden pressure release has occurred at 3everal wells simply becaus~

wat~r was allowed to bUildup in the wellhore. Normal pumping operations
may be temporarily interrupted for a number of reasons, such a>: electric
power failu~e, mechanical malfunction, or general mctintenance. As
the liquid level rises, gas production to the surface decreases in proportion
to the incrp.asing hydraulic pressure eyerted on the coalued. Field
studies suggest, however, that gas continues to accumulate close to
the wellbore. building pressures similar to those exerted by the increasing
hydraulic head. Once pumping is resumed and the borehole water level is
lowered, a disequilibrium is created in which gas pressure in the coalbed
exceeds hydraulic head. As a result, sometimes violent erupti.ons of
water and gas occur at the surface as lar~e volumes of cxpanuing gas
travel up the wellbore to reestablish a pressure equilibrium. Sudde~

gas pressure release of this naturE'. is ref erred to as "un] oading."

Solids in Cas l,ines

Particles of rock or other solid material accumulate in ~ost gas
meters over extended periods of time under nonll.D.' flowing conditions.
If left un~hecked, solids cause malfunctions in all types of meters.
Field experience indicates that rotary meters arc the most susceptible
to malfunction caused by solids because of the close tolerance betweell
~nmponents of thA rotating cartridge. Diaphragm meters usually do
not stop functioning with small amounts of solids ~Iildup, but meter
accuracy diminishes as portions of the meter! s measuring resp-yvoir is
filled with solids. Turbine meters will normally allow very small (less
than one millimeter in diame,ter) material to ]"!ass through inner fl",echanisms.

Larger solids are norma] ly carried through gas lines whE:~n wc>ll
pressure is suddenly released, especiall y w'IJrm un] oad ing occurs. Such
solids almost invariably clog and usually damag(>. imwr l:lc-,U,r components.



IMPROVED METHODS FOR MONITORING GAS PRODUCTION

Commercially available filters have been designed to remove fine
solid parti~les with very little pressure drop (0.5 psig or less),
which makes them suitable for use on coalbed gas wells. Fiberglass
is normally the filtering element used. At one test well equipped
with such a filter, the gas meter operated for over one year without
malfunctioning or losing acc;Jracy. Suggested in-line placement of
gas filters is indicated in Figure 17.

The moisture content of coalbed gas Las to be sufficiently low
to assure accurate measurement of gas flow. In addition, coalbed gas
sold cOIl1..lllercially must meet requireme:,lts specifically noted in purchase
agreement'3 which normally limit t.he \olater content to approxj nately
seven ~ounds of water per million cubic feet of gas measured at
st~ndard temperature and pressure. During cold weather periods, test
wells (ranging from 1,053 to 1,076 feet deep) have been found to contain
from 31 to 103 pounds of water per million cubic feet of gas produced. ~I

Althou~h g~s line water condensate buildup has been a chronic
problem at many vertical test wells, experimentation with water-gau
separation dev~ces has been limited because the gas produce~ has not
been sold.

The ba,sic li;.e:'llS used to remove moisture from coalbed gas lines
are cooling, absorption, and impingement (33). Devices used to .remove
liquid impurities are drips and separators-.-

The basic function of a drip ig to remove liquid from the gas
stream or liquid that has accumulated within the pipeline. A drip
catches liquid in a gas stream by r(>,;"',:ing the velocity of the gas
stream which caUbes the liquid to drop out. Liquid that has accumulated
at low points within the pipeline is removed by use of a drip equipped
with a drai.n whic'1 operates automi'ltically or manually.

The primary function of a separator is to remove entrained fluids
from the gas stream. Baffles, deflectors, tubes, rare elements, and
gravity sepiJration chambers are some of the mechanisms used within a
separator device to remove moisture. There are several commercially
designed separators that ~eet requirements for a single well for
several wells in the same pipeline system.

Meter inaccuracy and possible meter damage caused by sudden pressure
release can be avoid8d by allowing gas pressure to bleed off gradually
while maintaining flow pressures within the given meter range. To do
this, a pressure gage is in~talled in the gas flow line near the meter.
Flow pressures are periodically recorded and are then put into a standard
equation to calculate actual ilow.

4/ Based on volumF~S of condl'nsate 3..:'curnulated in a flare stack simi'_er
Ln thal shown on Fi~ur~ 17.
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FIGURE 17. - GAS PRODucnON AND MONITORING EQUIPMENT
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If Sudden pressure rt:.leases that result in unloading can be avoided

if a few precautionary st,=~s are taken. These include restricting gas
flow in order to build up pres~ure in the w£llbore and then operating
the pump under back-pressure conditions. This causes the borehole
water level to fall leaving less wahlr' available to be unloaded. This
also reduce~ the pressure differential bt:f:ween the coalb~d ,1nd the wellhead
thereby cushioning the effects of unloading. These methods have been
field tested on several occasions and have proveq to be very effective.

lee formation in gas lines near the wellhead is prevented by
properly insulating and heating meters and other points favorabie to
water accumulations (Figure 17). The number of routine field inspections
of wells should be increased during especially cold periods to assure
minimum condensate buildup. At the test wells examined, gas lines that
had been wrapped with electric heat tape and covered with fiberglass
insulation were rarely found to contain sufficient amounts of ice to
cause significant back-pressure. In addition, well sites equipped
with insulated meter ho'\ses containing heat lamps yielded accurate,
uninterrupted production information, even during prolonged freezing
weather.
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1HE CCMPOSInON OF GAS AND WATER PRODUCED
FR.OM VERTICAL BOREHOLES

Gas sam~les collected from 34 vertical boreholes were analyzed
using gas ch~omatography. Table 1 presents the reaults of these analyseo
and identifi(!. the coalbed. and well atte location. where .a. was sampled.
Kethane averaged approximately 96 percent while higher hydt'ocarbons,
such as ethane and above. averaged 0.08 percent of the gas sampled.
Hydrogen, helium, carbon monOXide. sulfur dioxide and other gases
normally prescnt in conventional natural gas are only rarely
found in coalbeds and, therefore. not reported on Table 1. The peTcentage
of nitrogen included in coalbed gas is cons1deted to be aenerally lower
than the amounts presented on Table 1 and any value over 2 percent is
probably remnant gas from foam stimulation. nle percentage of carbon
dioxide contained in coal aas appear. to vary considerably beb~en different
coalbeds and even within the saae coalbed. Pittsburgh eoalbed .a.
in Greene County, PA, for example, has ~ carbon dioxide content ranling
Era. 3 to over 6 percent. On the other hand, MIry Lee co.lbed .a.
in Jefferson County, AL. almost always contains less than 0.05 percent
carbon di,')xide.

The heat of combustion of coalbed gas similar in compoaition to
these reported on Table I is comparable to the heat of combustion of
natural gas, displaying gros. heat value. of 900 to 1,100 BTU/tt 3•

Water samples from boreholes located in several area. w..re also
analyzed and the r~sults of these tests are given in Table ~I. 2. As is
illustrated. relative amounts of specific components vary considerably
between the coalbeds tested.
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Co"lbed Location \Je11 I>c[lth [0 Date Dlltl! I rrac % % Z Z %
10 r;",. Name County. State l:llme Coal:'ed ft. Stimulated Si1n."led Type" CO

2 02 + Ar N CII
4 C

2
11

62

12 Bec.k1cy Fayette. 203-A 985 6/2"174 12/14i16 G 0.01 0.17 0.88 98.95 0.003
W. Va.

29 d" do 1.1l.-6 656 9/14/76 12/ 14176 do 0.0] 0.06 2.56 97.2 0.15

11 Castlecate Carbon. 3SW l,Ol? 4/28/74 do 0.0 0.0 0.41 99.0 0.4
r-;o. ) \It. ----

----
9 Hartshorne Le Flore. 5C 553 3116/74 3/13/74 d,J 0.13 C.11 0.38 99.3 0.024

Ok. -
&l Jllwbone lJickcnson, DC-1A 425 7/29/78 11/1/78 F 1.26 0.06 4.44 94.1 0.13

Va. --
23 ~lanun0th Scbuy1kill, Parker 2,042 7/14/76 ----- do t'D 0.29 2.1 97.0 C.02

Pa. 02

2 ~Iary Lee Jefferson 33W 1,076 2/28/73 12/ 12/75 do 0.032 lJ.22 3.1 96.5 0.038
Aill.

.
---- --

19 do do Tl,-l 1,113 11/23/75 9/13/77 do 0.03 o.o~ 1.9 98.05 0.Otl7

1218/16
- -----1---

33 ,10 do 1'\J-2 1,093 10/24/16 do O.OZ 0.13 O.::n '.I9.US 0.007
,---- -- --HI. do do 9 1,08:: 7/2&/77 9/13/77 CO,/C 3.05 0.05 2.9 94.0 ' 0.004--f---

£, dt) do TIJ-4 ),065 7/18/71 do F 0.02 0.05 1.0 99.0 0.007
~-- - 1------

43 do do 22 1,096 7/19/77 10/16/77 do 0.06 0.08 4.41 95.4:> 0.005
f-----

36 do do 11-1-3 1.064 7/31/77 7/18/77 do 0.03 0.06 1.6 98.3 iL004

47 do do 6 ) ,124 10/11/17 9/2.7 /18 do 0.01 0.04 2.4 97.5 O.OOS

48 do do 4 1,015 10/i3/77 9/22/78 do 0.10 4.2 1.7 94.0 -----
49 do do 8 1,071 10/14/77 9/27/78 do 0.01 0.06 . 2.1 97.8 O.OOl

*1),,11 10 Nos. corres;,ond to wells I':entified In 'fables 2 and 3.
··G-Cel Frac, F - NZ Foam Frac, CO2/C-C02 ~el Frac. W-Water Frac
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TAnLE NO.1 - ANALYSES OF CAS PRODUCED FRO~ VERTICAL BOREHOLE~ (Cont'd)

I
Coa1hl!d Location 1/1'11 Derth to DatI! (btl! Fr~~ 7- .. .. % %

10 ~0.1
.. ..

Nam!! County, S~ate )';am!! Coa1bed ft. Stimulated Sampled Typ!!** W2 O2 + Ar N2 CH, C2H6

50 Illary Lee Jcffl!rson, 5 1,010 10118/77 9127/78 F 0.03 0.04 2.5 9'.' 0.003
i 1\1a.

~H do
do 13 1,06; 10{2(1/77 do do 0.03 0.07 2.6 97.3 0.00f>------ -----~----

52 I do
do H 1,072 10121177 9127/78 do O.Cl 0.05 1.9 98.0 0.002----- - --

5" do uo 17 1,053 10/27/77 1/23/7') do (l.03 0.72 5.43 93.71 0.004
f----

55 i do dc 25 1.054 1111/77 do do 0.01 0.22 3.14 c)6.!i~ 0.005

'~ '"
do 15 1,086 1113177 do do 0.02 0.45 f..52 95.01 do

-
57 do do 2) l,1I97 11/3177 i1/30/78 d., O.Ol, 0.2) 3.94 95.79 0.004

- f--
46 do do 7 1,072 8/10/77 9/27/73 II 0.007 0.0':' 2.2 97.7 0.003

16 II~dJl('. Allegheny, 2 808 t/21175 4/21/i5 C 1.16 0.48 I 2.19 94.7 -----
Kltt.J.nnln b r" ,---- !C., I,.., 0.0'

I ] Pittsburgh ~la5hington, lNE 429 11/2/73 do 0.6 0.2
Pa.

f------- ----- -----
7 do do )SW 3~1 2/28/; " 11/5/73 I do 0.5 C.2 0.8 9g.4 0.07

21 "ltt5~urgl. Greene, Pa. fJHi 5f.2 4/15/76 );2",1/7 f 6:~':-'1 0.06 C.6~5 to.))
22 do do m-l 635 6/1/76 do do 5.9 1 0.55 I0,(,7 I 92~;-O-:-]8_._-- -
24 do do [:-1-3 902 8/18/76 10/23/76 do 3.23 0.05 ~dO 0.0')

27 do do W-5 764 9/1/76 t1'J do 5.01 0.63 1.20 92.86 0.)0

28 do do E~!-7 728 9/8/76 do do 5.23 0.04 0.29 9".1 iJ.~5

)0 do do Ell-II 6/,6 9/15/76 do do 4.::; O.O~ 0.:9 95.32 0.16

39 do Jo CNG- 753 5/5/77 do 0.6 ---- -,--- 94.8 ----
c-~ lQ~4

-

"ID Nos. correspo::d to wells ide!1tified in Tables 2 and 3,
*'r':-Ce1 Frac, F - N:z Foam Fuc, COiC-COz Gel Frac. W-Water Frac

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



Th9LE NO. 2 - ANALYS~S OF WATER ~r.ODUCED FROM V~RTICAL nOlDlOLES

·.,.",~"P;~~

to'......... '

J:­
\0

L I C"~Il),,d
~r\..:i,Jl~ I ne,-,th Alkalinity IUI5~O]UCd Calc1ul'l IL'r.nc~luJl Sulfate ~()dlum Chlnrlo.le I

Lor,1tlon IDc~i&na- I to CO:ll- n.,tc as CaC03 Solids as CaC'l3 as C:lCO
J

Iror. a<; 504 Pot,,~siul'l as r~a as r;"Cl I
':;0. • Nar.-e County, State tion bed, ft. Saml'l"d I'll PplIi 1'1'''' ppm ppm PI'''' PI'''' :IS K PI'''' ppm PI':1II I

--j
12 Beckley Fay('tte. 203-A 9E5 5/4/76 7 1,20 1,241 3~ 1.25 <1 l5 1.5 --- 429

\.,'. v.,. --
17 do do Lr.-4 1,217 5/4/76 7 /)50 l,lO) 20 1. 34 <I IS z.s --- 59)

"~'" '"
tR-3 1,193 5/4/76 7 590 1,0/.0 1l D.Sf] <I 20 2.0 '70

f-- ----- ----r- -~-- ----
II Castlcgate Corbon, J5\J 1,017 4/28/74 9.21 423 3,646 32 4 4 I 406 --- 2,796 2,636

:;". ) I Ut.

~z~- Hartshorne 1T;:_flore, 5C 55) ----- 8.3 962 NO 6 7 I l';O -- =1 97O
1,325

I II

IDick""son,
,

DG-IA 425 8/23178 7 27 ,490 2,223 1,029 I 108 I --- ~~~H JalObone --- :;0t\'". I -------,
2J ~Iar.'...,o t h . ~chuy Ik ~ll, Parker 2,042 ----- 7.3 344 ' 1,923 41 12 I 33 I --

~-=--
HI,

,-~"c.. I~:;(m"".
PI
~- I --'-

3SW 1,076 10/13/73 8.35 355 1,428 112 . 5 6 NJ ND
1 --l~~~

iOO
.\la.

-i , -----
I

1115/76 7.9 52 3. )4! 9 do do nl-l I,ll ) I --- --- 1.0 -- -+ -- j l.IlO
f---- ----- - -- -----
~~ do do 9 1,082 10/16/77 7.4 I, ~)) 1,972 92 222 0.4 ~O '1.0 770 2~6---- ---- -~---- - ----- --
02 do do Hi-. 1,065 10/17/77 9.0 ocr. l,l1R 15 2 0.3 :->0 1 i 4';0 IllS

1 ! 460
- ----

I.) do do ~2 1,096 10/16/77 8.6 700 1.136 15 4 0.) XlJ _6~~-~--~~ ---- ---- ------ --- I--- --
-2---1-4)0)r, do do TW-) I,G7!. 1/12177 8.6 810 1,0(,4 11 ) ::D :;0 257-- -- --~~-f----

49 do do 8 1,071 7/4/7U 8.4 &67 1,003 12 3 0.9 :;r,
0.7 r:~~ 275

f---- f-._--
51 do do 5 1,010 7/4/78 8.4 660 1,121 12 4 0.4 , :\0 0.6 423 .80---- --~-

51 do do 13 1,065 7/4/78 8.6 719 1,029 12 3.3 0.3 ~o 0.6 373 116-,
Irlo. 2

>------
16 ' Iii dd Ie IIlleghl'ny, 608 ----- 6 .n 62,700 2,300 9,200 30 115 ND ZO,'JOO 36,000

KHt,mnlng P:I.
-

7 Pittsburgh Washington, 3SW

I
388 ----- 8.05 376 3,106 162 39 0.05 0 -- 600 2,200

Pa.

15 do :i.1rion. 4NIl 'Ill ----- 1.45 1,825 4,825 159 132 0.5 63 -- --- 2,356

I IIcst Va.
-

6::eU 10 Io:os. corre9pond to wells Identified in Table9 1 lind 3.

.E-" ..._<~
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I TABLE NO. 2 - ANALYSES OF WATER PRODUCED FROM VERTICAL BOI:.£HOL[S (Cont'd)

t, '---"---r
1

I
f

I
i

l

VI
o

IBorehole Depth Alkalinity Dissolved Calcium Macnesium Sulfate Sodium ChloridCi
10 Coal ted Location Designa- ta Coal- ilate as CaCOJ SoUds as (;aCO) as CaCO) Iron as 504 Potassium as Na a. NaCI
No.* Name County, State- I tion bed, fL. Sampled_ pH ppa ppll ppm ppm ppm pjlm as K ppm ppa ppm

21 do Greene, Pat E!'I-6 582 2/16/18 7.42 --- 7,222 544 1111 7.5 NO --- --- ),842

do do EII-4 843 3/29/77 ---- -- 15,200 78 '4 37 NO --- -- 2,310

do do EH-8 ~46 3/30/77 ---- --- 17,7(10 III 108 64 ND --- --- 2,210

1 Pocahontalt Buchanan, Fed. 1.524 ------ 4.8 --- 186,986 34,375 917 164 !ID --- --- 138,000
No. 3 Va.

I
,.lo. 1 ,

*ID Nos. correfpond to vella identified In Tables 1 and 3.

I
I
l-.
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INTRODUCTION TO WELL STIMULATION
; .

•
Introduced in 1948 (19). hydraulic stimulation has become a

cummon technique used to increase well produl:tivity when natural
flow from the well is unsatisfactory. Based on methods developed by
the oil and gas inoustry. Government researct began design:.ng stimulation
treatments for coal gas dr~inage about 1969. Since then. uver 60
treatments have been applied to coalbeds in several areas of troe
United States. especially to the deep mineabln coals in the East.

The basic mechanics of stimulation are q~lte simple. HydrauJic
pressure is generated at the surface by pumpin~ fluid. This pressure
is transmitted to a selected rock strata (coalbed) to cause a fI'aeture
or a widening of an existing fracture within t~\t strata. After this
initial fracturing occurs. it is ~xtended into the coal strata by
continued injection of fluid. At S01'1e pre-established time during the
trp~tment. sized particles, 8uch as si~ved snnd. gce normally addeG
to the ~luid. These particles serve as a propping agent to hold the
fracture o~en after the hydraulic pressure is released. The intent
of stimulation is to create highly conductive pathways from the wellbore
to seve~8l hundred feet within the coalbed. The area of drainage
to the wellbore is thus expan~ed and gas and water flow rates increase
accordingly.

Government researchers have generally categorized sti~~lation

treatmp.~ts according to the type of fluid used to transmit the hydraulic
press~re from the !1urfa·,=o to the coal zone. Water. gelled water. and
foam are the major types of treatments tested thus far. each type
having demonstrated distinct advantages as well as specific limitations.
Table 3 summarizes the Government's research experience with stimulation
and. in many instances. t;hows the gas drainage rates achieved from this
experimental work.
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Table 3 - Summary of Government-sponsored Coalbed Stimulation Treatments
Conducted from July, 1970 to December, 1979
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, TABLE 3 - Summary of Government-sponsored Coalbed SHmll1ation Tr.eatments

Conducted from July, 1970 to December. 1979 (cont'd)
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TABLE 3 - Summary of Government-~ponsoredCoal bed Stimulation Treatments
Conducted from July 1970 to December, 1979 (cont'd)
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ROCK PROPERTIES AFFECTING STIMULATION

Natural Fracture System

Fractures, naturally present in coalbeds snc associated rock
strata, have an important affect on the stimulation process. The most
prominent natural fractures in coalbeds are oriented perpendicul~r

to coalbed bedding planes and are referred as " c l eat ll (28). Other
fractures present. ir., coal are inclined to bedding planeS-and are
called "shear" fracture&, implying some movement has taken place.
During stimulation, treatment fluids typically propagate partings
along one or two directions, cutting across many of these preexistin6
fractures. As these fractures are crossed, portions of the liquid
contained in the main propagating treatment 't:"Jdy "leak off" lnto
the~e minute openings, leaving less liquid to ~a~ry the soli~ propping
agent.

There is substantial ~vidence to indicate Lhat tile vertical partings
created during stimulation propagate in directions nearly parallel
to dominant preexisting coslbed cleat and roof rock joint directions (11)
(26). Trevits and Lambert, (39), combined and presented results from
und~rground examinations of stimulated boreholes (Table 4) and concluded
that induced, vercically oriented partin~s will parallel natural
fracture trends and can be predicted within 10 degree~ azimuth. This
correlation does nc~ necessarily imply that induced fracture directions
are controlled by natural fracture sy~tems because the Girection of
stimulated partings must always be perpendicular to the least principle
stress present in the area of a well (19). The relationship between
induced and natuL'ai fractures does, however, indicate that the controlling
~tress conditions are reflected by the natural .oal cleat and rock
joint directions.

Mechaniral PLoperties

The density, compressive. and tensile btrengths of coal are very
low compax'ed with m:'ne roof rock materie.l which is usually shale or
sandstone. If increasing hydraulic pressures I-'ece applied to all
these materials simultaneously, coal, the least c0mpetent material,
would "break" or fracture fi.rst. Fu,:,ther, if the coal is bounded by
shale or sandstone, the fracture would be contained completely in the
coal as l0ng as hydraulic pressures did not exceed the mechanical
"breakdown" prop'2rties of the surrounding strollger rock type(s).

Borehole Rock Conditions- '

Unfortunately, the abuve concept of rock breakage does not
nec~ssarily apply to actual borehole rock conditions. Before hydraulic
pressur~ is appli~d to any given section of a wellhore, there already
exist many vertical fractures in the form of coal eleat or rock joints.
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Where these fractures are present, the rock's tensile strength is
effectively zero, regsLdless of the type of rock exposed (coal. shale.
sandstone, limet-tone, granite. etc.). Therefore. the pressure required
to induce a parting iuto these ro.:ks is only that r~quired to overcome
the least principle stress within the reser~oir. In other words. it
may be very easy to initiate p~rtings (fractures) into areas of future
mine roof or floor because the rock is already "broken".

One underground well site study showed t~at induced fractures do
li'.deed enter into very hard roof rock even when low surface injection rates
(10 bpm) and pressures (1,400 psig) are used (26). rne fact that this
rock was fractured prior to stimulation was clearly indicated by the
presence of casing cement j found in roof fractures up to 80 feet from
the wel1bore. It is possible that hydraulic fractures in the roof
rock developed during the cementing operation.

Another natural rock condition which seems to have an effect
on the upward growth of hydraulically induced fractures. is the
condition of the interface between the coalbed and the overlying roof
rock (usually shale). Undergrou~d examinations at stimulated boreholes
indicate that induced fractures aLe more likely to remain in the
coalbed when the overlying shale/coal interface is very abrupt end weak1y­
bonded. Such weakly-bonded il~~erf~.:es have been recognized in mine areas
where the contact between coal and shale is highly polished and
striated (slickensides). Where this type of boundary condition occurs.
fracture partings have frequently spread-out horizontally within the
interface area rather than grow veltical1y in~o the overlying shale roof.
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CHARACTERISTICS OF INDUCED COAJ..BED FRACTURES

Orientation

Nearly all vf the induced fractures observed underground in coa~

mines are vertically orie~ted. Vertical fract~res are expected to
develop as a result of stimulation because mont ~oalbeds are located in
tectonically relaxed areas where the greatest principle rock stress
~irection is contained within a vertical plane (l) (li) (.~). Hor­
izontal fractures have resulted. bowever. where injection pressures
exceed the calculated overburden pressures in wells as deep as 1,100 feet
(Q).

Direction (Azimuth)

Rock joint, and especially ~oal cleat directions tend to remain
parallel throughout v~ry thick vert~cal sequences (£!). This rela­
tionship and the close correlation between natural fracture and induced
fracture directions snown on Table 4, indicate that the direction of
inc1uced fracturE:s can be predi.cted using rock joint and coal cleat
direction measurements obtained at some horizon above the coalbed
and near as po~sible to the well(s) to be stjmulated. OUtcrops
road cuts. open strip pits, or nearby underground workings are a few
locations where such information can be easily obtained.

Length

The loss of f1u~d to the coalbed along an induced fracture as it 1.
being pr~pagated by pumping is a major factor governing the fracture's
linear extent. As mentioned earlier in this report, such loss of fluid
(called "leak-off") leaves a constantly diminishing amount of fluid
to create fracture penetration and to carry the solid proppant as
th'~ fncture' s ] ength increases. When leak-off to the coalbed
is t.'O high, the carrying ability of the treatment fluids decreases
CaUb_.lg proppants to accumulate and can eventually block any further
injection of fluids. This occurrence, commonly referred to as a "sand­
out," or "screen-out" may cause propped fracture distance to be much
shorter than the designed lengths. Sand-outs have occurred frequently
(about 28% of the time) in past coalbed stimulations (refer to Table 3).

Underground ~xaminations of stimulated boreholes indicate that
treatments which incorporate the use of very heavy gels produce short
fractules (~) (23). Even though such highly viscous fluids reduce
reduce fluid leak-off into coalbeds, they produce very wide fractures
(18). (32). This reduced the overall frac ture length the treatment
volume can create.
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TABLE HO. 4 - RaATIOHSHIP BEtWEDI VERTICALLY INDUCED COALBED FlACTUU DIRECTIOll AND
NATURAL lOCI: :-RACI'URE TRENDS

10 110.- S 10 19 33 36 42 27 21 28

Well Name USBI1 I tolE USBM'No. 4 TW-I 111-2 TW-3 TW-4 EK-5 EH-6 EH-7

D3te of June 12, June 16, February 15, October 6, November 16, July 21, Hovrmber 9, December I,
Interception !'lay 1974 1q~:. 1976 1977 1977 1977 1978 1978 1978

Coalb~d Illinois No. 6 Pittsburgh Mary Lee Hary Lee Mary Lee Mary Lee Pittsburgh Pittsburgh Pittaburlh

County Jefferson Washiogton Jefferson Jeffersoa Jefferson Jefferson Greene Greene Creene
-

State IL PA AL At AL AL PA PA PA

Type of I
Stimulation
Treatment Gel Gel Gel Gel Foam Foam Foam Foa.. 10a.

Type ,)f
Complecion Openhole Openhole Openhole" Perforstions Openhole Openh"le Openhole Openhole Oper.hole

Average Face
Cleat
Direction N30·W N62·W N55"E N55"E N55"E N55"E H68"w N68"W N68"W

Average Butt
Cleat NIB"W lU8"W N18"W N18"W
Direction tl55"E N28·E N40·w N40·W N40·W N40·W N21°E N21°E N21°E

Average Roof
Joint tl77"W N77°W N77°W N77"W
Direction LIE LIE NSB·E N58"E N58"E N58"E LIE LIE LIE

Induce

IFracture N62·W N60"E
Direction N76"E N28"E N60"E N18"W H68"E** N66<E** N67"W N68"W N68°w

LIE Limited exposures prevented determination of a dominate direction.
"Casing set one-halfway through coalbed.
**P~opagated in roof rock as well as in coalbed.

r
t
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The longest measured length of a sand-packed hydraulically
in~uced coalbed fracture was 416 feat from the borehole, uaing • light
gel fluid in the Illinois No.6 coalbed (~). Sttmulation treatments
using foam as a sand-carrying agent have recently shown evidence to
indicate fracture extensions can be much longer. Such evidence includes
recor1ed observations and measurements where there was direct or
indirect ~I communication of treatment fluid from one well to another
spaced from 500 to over 1,000 feet apart. Two such accounts have been
publi~h~d as recent government reports of investigation (26) (]I).

Width

The difference in pr~88wre between the stUDulation treatment fluid
and the adjacent coalbed essentially controls fracture width during
stimulation (32). Very large differences in these pressures prod~ce

wide fractures while small differances produce very narrow fractures.
Operating conditions whi~h cause wide iractures in coalbeds are high
injection rates combined with the use of viscous fluids. Elder (16) re­
ported fracture widths of 2-1/2 inches using ''heavy gel" !/ and ala bplll
injection rate; and 1/8 to 3/8 1. h wid.e fractures using a "light
gel" J.J and the same injection rate. A recent test using a highly viscous
mixture of gelled water and fluid 10s8 additives produced 5-inch wide
fractures using an average injection of only 8 bpm (23). One may
conclude from these examples that "high injection rate" is a relative
term, meaning "high for the particular fluid properties incorporated in
the treatment".

Proppant Distribution and Closure

A solid propping agent was normally included in a coalbed stim­
ulation design in order to "hold open" the fracture once fluid pressures,
created by pumping, were relieved. Sand, sorted from 10-to 40-mesh
sizes, has been the standard material used as proppant.

The distribution of proppant material witl:in induced fractures be··
Comes an important consideration where there is effective closure stress
because only these propped areas would then allow a sufficient amount of
formation fluid to flow.

2./ "Direct communication" refers to occasions when stimulation fluid
is injected into one '.,ell and thp. same type fluid is observed flowing
into one or more nearby wells. "Indirect communication" refers to
occasiuns when injection of stimulation fluid at one well causes
formation fluids (water or gas) to move at one or more nearby wells.

!I 75 pounds guar gum per 1,000 gallons water.

II 50 pounds guar gum per 1,000 gallons water.
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There Is recent evidence which suggests that very little closure
stress exists in some coalbeda. At several boreholes draining from the
Mary Lee coalbed in Alabama, for example, continued accumulations of
propptna sand in wellbores have caused chronic pumping problems (ll). Even
though these wells are fairly deep (1.000 to 1,100 feet), and they are
situated in an area where there 1s likely some lateral rock stresses.
actual fra~tule closure must be very low to allow these rather large
amounts of proppant to return to the wellbore. In areas like this,
unifo~mly packed fractures may not be the type of proppant d1str1but~on

most desirable. Instead, only partial packing, or even no packing at
all may be more suitable for higher drainage rates.

Flow Capaci!.I.

The relative ability of fluids to flow throu8h induced fractures to
the wellbore is an important conuideration for stimulation design. One
measure of this ability is cot'lDonly known 8S "Fracture Flow Capacity."
Flow capaclty at any given location along an jndueed fracture depends on
the fracture's height and width and on the permeability of the proppant
material filling the fracture. Very low fracture flow capacities
cause steep pressure gradients to occur within the induced fracture(s)
because resistence to flow is higli. In such a cas., reduction of
r •••rvoir pressures over significantly large areas of the coalbed
may not occur rapidly enough to supply an economic flow of gas to
the wellbore. Thus, even though a low flow capacity fracture extends
several hundred feet from the wellbore, only a small portion of that
length would define the "productive" length of the fracture.
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STIMULATION USING GELLED FLUIDS

Government research has conducted 21 sttmulation treatments
using gelled fluids since 1970 (see Table 3). This type of fluid
is water-based, and contains a natural-guar gum mixture allowing
it to carry sand proppant and retard fluid leak-off. After treatm~nt

is completed the'se gelled fll;.ids are designed to "revert" Or "breakdown"
to the viscosity of water. This allows the drainage of stimulation
fluid from the induced parting(~) to the wellbore, leaving the sand
proppant for support.

There are sevEral ~ublished and unpublished report~ containing
specific accounts of borehole stimulation test3 using gelled fluids (7)
(14) (~) (38). The following descriptions serve to demonstrate the
Government's experience using this type of coalbed treatment. Among
the studies presented are all those where the results of gelled
fluid treatments were observed directly underground after mining had
progressed through the b?reholes and effected areas.

Pocahontas No.3 Coalbed, Buchanan County, VA (3) {l3)

A test hole was drilled into a projected barrier pillar in an area
not to be mined for several years. The test site was in central Buchanan
County, VA. The hole penetrated a series of Pennsylvanian sandstones,
shales, and coals to test the gassy Pochanatas No. 3 coalbed. The 1,530
foot deep hole was logged with a gamma ray - density logging tool to
obtain geophysical data on formation density, porosity, and lithology.
The 8-inch-diameter hole was cased with 4.5-inch diameter steel casing
from the surface to the top of the coalbed, and the c~sing was pressure­
cemented.

Monitoring equipment, including a flow meter and pressure gauges,
were installed. Water flow was measured at 07 bpd. The inflowing water
inhibited the flow of gas and required frequent swabbing to matntain a
gas flow. Th~ borehole flowed at 600 cfd with continued swabbing to
clear the hole of water.

In July 1970, a hydraulic stimulation procedure designed by the
Bureau of Mines was attempted. The coalbed was treated with a gell~d

fluir\ containing 10- to 20-meoh sand as a propping agent. The initial
fracture occurred at 3,'WO psig. The fractures were propagated with
2,.~00 to 3,450 psig prr,ssure at an average injection rate of 10 bpm
of gelled-water fracturing fluid. The treatment utilized 14,800
gallons of fracturing fluid and 4,000 pounds lb of 10- to 20-mesh
propping sand. Figure 18 shows wellhead pressure and injection rate
charts for this treatment. This well is designated "No.1" on Table 3.
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FIGURE 18. • WELL HEAD PRESSURE AND INJECTION RATE
CHARTS OF HYDRAULIC SnMULAnON TREATMENT OF

POCAHONTAS NO. 3 COALBED (16).
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After stimulation, the hole was swabbed to remove water and monitor
gas flow. On the first day, water flow decreased. Gas flow increased
from 2,500 to 3,500 cfd as water was drained from the coalbed. During
the second day, water flow averaged 9 bpd, but flowed in surges; the
gas flow increased from 3,500 to 9,000 cfd. The fourth day, gas flow
rates lncre~sed to l2,oon cfd, while water flow decreaecd, flowing an
average of b bpd du~iltg tlow periods, but with a longer flow-nonflow cycle.
On the fifth day, gas flo~ stabilized, averaging 12,000 cfd, while the
water flow race declined to 2 bpd flowing in 12 hour cycles (Figure 19).

The twentyfold increase in gas flow was, indeed, encouraging. It
was evident, however, that a pumping or swahbing service must be provided
to remove the water inflow to maintain stable gas production.

Nary V'!e Coalbed, Jefferson. County AL (5) (7) (14)

A test area was located in Stction 23, T l8S, R 6 W Jefferson
County, AL, for experimental degasification of the Mary Lee coalbed in
advance of mining at U.S. Steel's Oak Grove Mine. A five-spot pattern
of holes (1,081 to 1,093 feet total depth) was drilled on the flank of a
structural anticline. The holes penetrated Pennsylvanian sandstones, shales,
and coalbeds. Drilling was completed in July 1971. Hole No. 3 SW
in this five-spot pattern was drilled to the top of the coalbed at a
1,075 foot depth and cased with seven inch diameter steel casing.
After casing the hole, five feet of coalbed was cored and the
borehole wa~ put on prOduction. Gas production was low at tte start but
increased as the coalbed was dewatered. The maximum production was from
borehole No. 3 SW. After 16 months, production from this hole ha~

reached an average of 5,000 cfd gas with 6 bpd water. A stimulation
treatment was then planned to increase the degaslfieation rate.

Design number two hum a computer calculation (Tables 5 and 6) was
selected for the treo.tmer~ plan. This provided for 10,000 gallons
of gelled water, with a 2,500 gallon water pad to be injected into the coal
at 10 bpm to propagate a fracture or parting. Six thousand pounds
of 10-to 20-mesh sand were mixed with the fracture fluid at a cOl'l,:en.tration
of 3/4 ppg (pounds per gallon) to serve as a propping agent in t~le

induced fracture after treatment.
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FIGURE 19. - GAS AND WATER PRODUCTION RATES

FOLLOWING HYDRAULIC STIMULATION TREATMENT OF
POCAHONTAS NO. 3 COALBED (18).
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TABLE 5 - Hydraulic Fracture Stimulation Plan.
Hole No. 3 SW, Jefferson County, Alabama (7)

I Length Height

105 5.2 I 6 .207
255 5.5 7 .242
377 5.6 I 7 .266
437 5.7 7 l-.::34 I

Design
No.

1 ....
2
3
4

Production
increase

7.5
11. 7
15.6
19.4

Volume,
1,0001gas
Total Pad

:; 2.5
10 2.5
15 2.5
20 2.5

Propped
fracture

feet

lIJiscosity
cp

Fracture
width
inch

prol

I
Created

san fracture
sacks length

feet

19 233
56 758
94 1.040

131 1.007

}-

~
f
l
!
!
I
i

0'.....

TABLE 6 - Criteria used in computation of hydraulic fracture
stimulation plan. Hole 3 SW, Jefferson County, Alabama (7)

Injection Rate bbl/mll1 ..
Assumed fracture height .•.•••.••••..••..•.•.•••.••.•.•••.•••.••••.••••••••.••..• ft ..
Net formation thickness ..••.•...•..•••..••••••••••••..•..••••.••••••••••••.•••.• f~ •.
Plastic modulus ••..•••.•.•.•••..••...•...••••••••••••.•••.•••..•••.•••.••••.•1b/in •.
Formation permeability ..................•.....•.•••• _•••.•••••••••••••••••.•••••md •.
Formation porosity pet ..
Bottom hole treatment pressure .••........•..•.•.••...•••......••••••••••..•• lb/ in~ ..
Reservoir pressure .....••.••....••.••...••• •.•.••••••••••••• • •••••••••••.• lb/ in •.
Reservo~r fluid viscosity ......••.......••.•.•..••••.•••.••.•...•....•..••.•.•. i1~"
Q.l'--F1u~d loss coef •..•••.•••..••..•••..•....••.••••••••.••••••••.•••...• ft/min •.
Spurt loss gal!ft2 ..
Type of gel (Halliburton) ...............••.......•....••.•••••••••••••••••.•••..•••.
Gel concentration ....•.•••...•....•......•.•..••.••••.•••.••••.•••.•••• lb/l ,000 gal •.
n '-Prime ..••.•••......•••.••...•...••...•....••..••..••...•.•.•.•.•..•..••.•...••.•.
k'-Prime (slot) .•...••..••..•...•••.•••..•••.•••.•.•••••••••••.•••.••• lbf -secn/ft2 •.
Well spacing aCre•..
Drainage radius .........•.......•..•....•••.•••..•••••••••..•.••••••••.•••.•••.. ft •.
\o1el1bore radius •..••.•.•.•........•.•..•••.•••••••..••••••••••••••.••.•••.•..•. ft •.
Damage ratio ..................................•...••.•••.••......•••••.•••.•••..•••.
Type and cone prep sand (8-12 mesh) •••..•••.••••.•••.••••.•••••••••••••• lb/ga1 avg •.

10.0
7.0
5.g

0.30 x 10
5.0
4.0

2.050.0
390.0

0.02
0.00310

0.21
WG-6
20.0
0.738

0.000698
30.0

536.0
0.25
3.0
0.75

----- --------'!"""-



The treatment was conducted through 2-7/8 inch high-pressure tubing
'iith a tension packer in the string set at 988 feet in the seve" inch
l:a8ing. The bottom of the tubing was at the midpoint of the coalbe~.

The initial fracture occurred at 800 psig. The fracture was
~xtended at 1.100 t~ 1.200 psig pressure and a steady 10 bpm injectiou
rate. A total of 10.000 gallons of gelled wat~r and 6.000 pounds of
10- to 20-mesh size propping sand were pumped during the treatment
(Figure 20). After treatment. the borehole was swabbed free of waLer.
and 30 feet of sand fillup was cleared from the borehole. After the
water pump was installed. the borehole was returned to production. All
fracturir.g fluid was recovered.

The gas flow increased after tteatment from 5,000 cfd to a maximum
rate ~f 90.000 cfd in 11 days (Figure 21). During the next seven
months. the flow rate stabilized at 50,000 cfd. 8/ This well is
designated "No.2" on Table 3. -

Pittsburgh Coalbed. Washington County. PA (12) (14)

A test area was located near Lone Pine. Washington County. PAt
for degasification of the Pittsburgh coalbed in advance of mining.
Four holes 405 to 552 feet in depth were drilled in a pattern on the
flank of the Amity anticline. The nine inch-diameter holes were drilled
near the top of the coalbed and cased with seven inch diameter steel
casing. After the hole.s were cased. the seven foot coalbed was cored
and the boreholes put on production. Initial gas production began
in June. 1972, and was low then increased as the coalbed was dewatered.
After 18 months. gas production from Borehole No. 1 NE stabilized at
an average of 7.000 cfd with 4-1/4 bpd of water. This borehole was
fracture-treated to improve degasification rate and test the affectiveness
of s~imu1at1on of th~ Pittsburgh coalbed.

A hydraulic stimulation treatment program was prepared utilizing
design No. 2 from the computer output treatment plan (Tables 7 anu 8).
This provided 10.000 gallons of water pad to be injected into the coal
at 10 bpm. Six thousand pounds of 10- to 20-mesh sand were mixed with
the fracture fluid at a concentration of 1/2 to 3/4 ppg to serve as
a propping agent in the induced fracture.

The treatment was conducted through 2-7/8 inch high-pressure tubing
with a tension pac~er in the string set at 412 feet in the seven
inch casing.

~/ The accuracy of the production nata for the 3 SW borehole at
Oak Grove Mine has been stringently contested by U.S. Steel.

- 68 -

~I

I



, .... '........

FIGURE 20. - WELLHEAD PRESSURE AND INJECTION
RATE CHARTS OF HYDRAULIC STIMULATION

OF THE MARY LEE COALBED (7).
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FIGURE 21. - GAS AND WATER PRODUCTION RATES
BEFORE AND AFTER HYDRAULIC STiMULAnON
TREATMENT OF THE MARY LEE COALBED (7).
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TABLE 7 - Hydraulic fracture stimulation plan.
Hole 1 NE, Washington County, PA (14)

I
I ,

Volume, P:,-ofped Fracture Prop Created
Design Production 1,000/ga1 I fracture Viscosity width sand fracture

No. increase? Total Pad feet cp inch sacks length,
Length Height feet

1 .... 9.2 5 1.0 165 4.9 4 .221 30 397
2...• 13.2 10 1 309 5.2 4 .253 68 862
3 .... 15.2 15 1 433 5.3 5 .273 105 907
4 •••• 19.4 20 1 547 5.4 5 .289 143 1,133

TABL£ 8 - Criteria usP.d in computation of hydraulic fracture stimulation
plan, Hole No. 1 NE, Washington County. PA (14)

-'I' ....­j"~

iI
.,

J

':;I-

!
.<

................................ - - .

Injection rate •.••••..••.•••••••••••••.•••••••••••••••...•.•.•.•.•.•..••. bb1/minl.
Assumed fracture hei:;-ht •.•••..•..••••••.••••••••••••••••••••.••••••••.••..•••• ft.. I
Net fO-rJna.tion thickness ft ..

'JElastic modulus ....•.....•...••....••.••.•••••.•••••••..•••••••.•••••••••. 1b/ io- ••
Formation permeability ..••••....•.••.•.•••••.••••••.•••.•••••••.•••••••••.•.••1I',d ••
Form..1t~on porosity ••.•••.•••..••..•...•••.••..•.•••.•.•.•••..•••••.••••••.•••p~~ ..
Bottom hole treatment pressure •••••••••••••••••••••••••.••••••.••••••••••. 1b/jn ••
Reservoi, pressure _ lb/-l.n2 ..
Rec;ervoir fluid viscosity .••••••••••••••••••••••••••.•••.•••••••••••••••••••• '1~~' .
CW--Fluid loss coef ft/m1n 2 ..
Spurt loss •••••. . ••.•••.•••••••.•••.••••••••••••••.•••.•••.••••••••••••• g06l/ft •.
Type of ~el (Ha111burt .:1n) •••••••••••.
Gel concentration •••••••.•••••••••••••••••••••••••••••••••••••••••••1b/I, 000 gal ••

, p .n - rIJDe •••••••••••••••••••••••••••••••••• _ •••••••••••••••••••••••••••••• - ...... 2-.
k'-Priae (slot) c •••••••••••••••••••••••••••••••••••••••••••• lbf-gecn/ft ..
Well spacfng olIO. ~ ~ ••acres ..
Dra111age radius ft ..
Wellbore radius ..........................................•.............•...... ft ..
Dama.ge rat10 ~ •..••.....•••.•..••• _..
Type and conc prop sand (~-12-meQh) ••••••••••••••••••••••••••••••••••• lb/ga1 avg••

10.0
7.0
6.n

0.30 x 106

5.0
I•• 0

7';"'. .0
166.0

0.02
0.00310

0.21
WG-6
20.0
0.728

0.000898
30.0

563.0
0.25
l.O
0."5



FIGURE 22. - WELL HEAD PRESSURE AND INJECnON RATE
CHARTS OF HYDRAUUC SnMULAnON TREATMENT OF

PITTSBURGH COAL. £D (14).
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FIGURE 23. - GAS AND WATER PRODUCTION RATES BEfORE
AND AFTER HYDRAULIC STIMULAnON TREATMENT

OF PITSBUAGH COALBED (14).

rl
/ \

I """. """" "/ v

,../

STIMULAflON TREATMENT

4 r __ ~WATER

01 I I I I I
~~>ozm~~>w>~Q.~~>ozm~~
Q.oowcwcQ.CZ~~ UOWC~CQ.
~OZQ~~2C2~~c=OZQ~ 2 C

\ 1\...... _

36* i j i j j , iii iii' , iii» iii iii i

32:

28

"tJ 24-i
z20

116 ~
:c
tl. 12
(/)
<C
<.:J 8

'""w

1972

I
L



~'· a·,'_" .~ "-.,,,,_.,.__ ,,,,,,,.",~_._~ . ...,";... , . ,>,,_, _"".... ..:o,._.';!._.~---...-........_.. ..

The initial fracture of the coal was achieved at 600 psig. The
fracture was extended at 1,200 to 1,400 psig pressure and a steady
11.4 bpm injection rate. A total Clf 10,200 gallons of gelled water and
6,000 pounds of 10- to 20-mc8h propping sand were pumped during fracture
propagation (Figure 22). Mid\lay through the pumping, a "sand-out"
occurred.

The system was allowed to backflow to clear the blockage pnr the
treatment was completed. After treat~ent, the borehole was swabbei free
of water, and a few feet of sand accumulation was cleaned from the
borehole. With reinatallation of the water pump, the bor~hole was
returned to production and the fracturing fluid was recovered.

The gas flow increased after treatment from an average of 7,000 cfd
to a rate of 35,750 cfd in 2-1/2 months (Figure 23). On Table 3, this
well is designated at "No.3".

Mary Lee Coa~bed, Jefferson County, Alabama, Case II. (23)

A vertical degasification borehole drilled to the Mary Lee coalbed
and completed 600 feet ahead of active mining, was interce~ted by mining
on February 15, 1977. The borehole, referred to as Test Well t:o. 2
(TW2), was located in Section 35, T 18 S, R 6 W, near Oak Grove, Alabama.
The purpose of completing TW2 wa~ to test specific hydrauli~ gel
stimulation procedures in coal by monitoring well production, and later,
inspecting the results direc tly u:1derground in the mine.

TW2 was rotary drilled using a 6-1/4 inch diameter air-?ercussion
bit and foam to apprnximately 235 feet above the five foot thick
coal interval. To reduce the possibility of formation dc.mage due to
drilling, a 6-l/B inch diameter roller bit and foam were used to drill
the remaining distance to 50 feet below the coalbed. TW2 was cased
to total depth with 4-1/2 inch diameter pipe equipped with a float
shoe. The lower 500 feet of casing was set in place using 13.5 ppg
weight cement.

A jet slotting tool was positioned using a g20physical logging
device. The design called for a water and sand slurry to cut [our
vertical slots, 90 jegrees apart, from the base of the coalbed to
within one foot of the top. The coalbed was stimuJ.ated using 3,500
gallons of a highly viscous fluid containing 4,000 pounds of 10- to 30
and 20- to 40 mesh .,ize sand (Table 9).
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Table ~ - TW2 Hydraulic Stimu1aticn Data (23)

Date ~ ,' ..
Propping sand ...........•...........•.
Propping sand .........•......•.••.•.•.
TrE'3.tment fluie1 •••••••••••••••••••••••

Surfactant con-:entration ..••••••••.•••
Fluid loss additive concentration ...•.
GeJ ling agent concentration ..•........
Breaker concentration ...•....•.•••....
Complexcr concentration ......•.•.....•
HaxiTl'.um preSSU1"e ...........•.•.•..•.•.
Average lJressure •............•.•....••
Trea tmen t rate, average .•.•......•..••
Hydraulic horsepower .

October 2i.. 1976
20-40 mesl-sized sand. 1000 lb.
10-20 mesh··sl?ed sand. 3,000 lb.
Celled water. 3.500 gal
3 ga1/1.000 g'11.
50 lb/1.000 gal
f6.7 lbs/l.OOO gal
2 lb/l,OOO gal
0.4 ga1/1,OOO gal
2.500 psig
2,400 psig
8 bpm
1,000 Hp

The hydrauliC stimulation pressure averaged 2,400 psig with n~

apparent formation "breakdown"; the fluid injection rate averaged 3 bpm;
'lnd the iIlstantaneous shut-in pressure was 2,200 psig (FigurE: 24),
After stimulation. water was cil'culated in the well removing approx­
imately 200 Ibs of propping sand. The well was later equipped with a
pump to remove water and meter~ to monitor production.

TW2 was put on production November 13. 1976. During successful
pumping periods, daily gas pr.oduction averaged about 15,000 cubic feet. Sand
and other foreign mater~al entering the downhole pump mechanism caused
chronic malfunction and resulted in overall poor gas product1on (Figure
25).

Temporary gas flow rates in excess of 80,000 cfd were measured on
aeveral occasions, immediately after servicing the downhole pump and
after removal of usually less than five barrels of water. Such tem­
porarily high gas flows appear to have brought significant amounts of
propping sand into the we1lbore.

The well, and induced fractures froIT. the well, were exposed approximately
three months later by mi~ing. Coal lIas removed to approximately four feet
beyond the borehole location during which time very wide. short vertical
fractures and longer, thin horizontal sand-packed fractures were
observed. The sit£: .1as sLudied in detail and measurements were made with
the coal face in the ~osition shown on Figure 26. ThE borehole Jite as it
appeared at that time is diagrammed in Figure ':.7.

The r.asing was expanded outward where pierced by ;'0ur roughly di-
amonc shaped slots about 5.5 inches long and 2 to 2.5 inches wide.
Small holes in the casing (five holes. 0.3-inch maximum diameter) were
observed five to nine ir.ches above the slots. The top ot tl.e slots ",ere about
four inches below the base of the coa1bed denlonstrating that slotting
had not occurred in the coa1bed as intended.
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FIGURE 24. • HYDRAULIC STIMULATION PRESSURE
AND FLUID INJECnON CHART TW2,

MARY LEE COALBED (23).
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FIGURE 25. • DAILY GAS PRODUCnON FROM
TW2, MARY LEE COAl.BED (23).
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FIGURE 28. • PO_lION OF MINE FACE DURING
UNDERGROUND INVESTIGATION OF TW2 (23).
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Three well-defined vertical fractures were observed at the borehole
site. All three were contained in the lower third of the coalbed and
wt":'<:: completely filled with propping sand. Frcicture sides appeared
smooth and unabraided, and followed local vertical natural fracture
pbnl~s in the coal. The widest sand-filled fracture (4.5 inches),
taper·ed upward gradually; a fracture of intermediate thickness
(2.0 inches) tapered sharply to the floor (Figure 27). The remaining
vert. cal fra~ture was the same thickness (0.03 inches) throughout.
All three fractures terminated at the base of the coalbed with no
evid(~nce of fracture continuation into f1<..or rock.

:~o fractures were inclined. They sloped downward to the south and
were contained entirely in a more friable, soft, and highly slickensided
portion of the coalbed. Their sides were smooth and unabraided, but
somewhat irregular. They appeared to follow local natural shear frac­
ture planes in the coal, with minor vertical development along cleat
planes. The shape and downward extension of these induced fractures
indicate direct or inferred continuation with the vertical fractures
described earlier.

Four horizontal sand-filled fractures appeared at the coal face as
extensions of either vertical or inclined fracture development. All
four occurred along bedding planes. Three of the fractures were present
approximately one-third the distance up from the floor near the line of
contact between hard, distinctly cleated coal and soft, friable, sheared
coal. The fourth horizontal fracture ran along a line six inches below
the coal/roof-rock interface. Typically, coal ~ediately surrounding
the horizontal fractures was very soft and appeared crushed.

Four small, separat~, randomly oriented, sand-filled fractures were
observed in the upper portion of the coal face north of the wellbore.
Their locations indicate close association with a system of larger
fractures trending approximately N6SoE. These fractures were observed
along shear, cleat, and bedding planes and thus possessed characteriotics
of all three fracture types described earlier. This Hell is No. 33 on
Table 3.

Pittsburgh Coalbed, Washingto~~~~.,

Pennsylvani..a, Case II (16) (21)

To determine the eff~ct of hydraulic stimulation on the Pittsburgh
coalbed, a test hole was drilled at Vesta No. 5 mine in Washlngt0n
County, FA. The hole was located 500 feet ahead of an active developing
section of the mine.

Drilli.ng bt!gan April 10, 1974, with a rotary drill rig. A 6-1/4­
inch hole was then drilled to a total depth of 597 feet. The Pittsburgh
coalbed was rcac~ed at 3 depth vf 588 feet. Six feet of the coalbed was
drillpd, and tIT;: I'ole terminated lhre~ feet below the coalbed.
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Table 10 shows the estimated results
treatment for volumes of 5,000 and 10,000
sign 1 was chosen in order to contain the
unmined coal.

expected for the stimulation
gallons of gelled water. De­
fracture within the area of

I·
i'

TABLE 10 - Designs for Stimulation of borehole USBM No.4,
Washinston County, FA (l~

Production .••.•..•.•..•••••••.••.•.• fold ini:ease ••
To tal volume I ••••••••••••• I Mgal ..
Pad Va] ume ..•.•..••...••..••..•.•.....•.•.•.. Mgal .•
Propped fracture length ...••...•••.•..•..•.•. feet ••
Propped fracture height •.........•........•..•. do ..
Viscosity ...•......................•.. centlpolses ..
Fracture width .....•....••••...•.•.••.•.•.. inches .•
Propping sand •.•••••••••••••••.••• lOO-pound sacks ••
Created lengthl feet ..

Design 1
10.7
5.0
2.0
219
5.0
4.0
0.22

35
387

Design 2
16.9
10.0
2.0
411
5.2
4.0
0.22

90
662

l~mximum length of induced fracture created with and without sand prop.

On April 17, 1974, the well was treated through 2-3/8 inch diameter,
high-pressure tubing. 1\n open hole packer i.n the tubing string was set
at 585 feet in a hard formation three feet above the coalbed. The
treatmc:IC used 7,300 gallons of water containing 540 pounds of guar gum,
3,000 pounds of 10- to 20-mesh size fluorescent-dye-treated sand followed
by 500 pounds of 10- to 20-mesh size regular sand.

Two thousand gallons of gelled fluid were injectej into the coalbed
to fill all spaces in the ("oa1bed around th~ borehole and initiate the
fracture. The formation "broke" at 500 psig. T1.e pad volume was
followed with successive injections of 1,300 gallons of sand-laden
treating fluid at 1/4 ppg sand concentration, 650 ga1lonb at 1/2 ppg,
1,750 gallons at 3/4 ppg, ~md 1,350 gallons at 1/2 ppg sand concentration.
The tubing was cleared of sand with 250 gallo11s of treating fluid.
An injection rate of 10-1/2 bpm was maintained during the treatment
and the injection pressure averaged 1,';87 psi~. A maximum injection
pr~ssure of 1,700 p~ig was reached.

On June 12, 1974, the induced fractures were intercepted by mining.
Twenty feet of vertical sand-propped fracture was mapped along the face
cleat direction west of the borehole (Figure 28). The sand-filled fracture
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FIGURE 28. - INDUCED FRACTURE ORIENTATION
RELATIVE TO MINE ENTRY DEVELOPMENT (16).
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ranged from 1/8 to 1/2 inch in width, extending from the draw
slate at the top of the coa1berl to the mine floor (Figure 29).
Wide vertical fractures were propagated to the north of the borehole
along the butt cleat dire~tion (Figure 30). These fractures were 1/2
to 2-1/2 inches in widt~ und were packed with the propping sand. They
exter-ded from the base of the draw slate to the floor.

It is estimated that the fractures extended 35 feet or more into
the coa1bed in the butt cleat direction. The fractures were wider than
exp~cted, averaging two inches in width. The greater width of the
fractures was believed caused by the use of the heaVily gelled treating
fluid (75 pounds of guar gum per 1,000 ga110"s). The identification
numb~r of this well on Table 3 is "10".

Illinois No. 6 Coalbed~eff~rson County, IL (16)

A pattern of five degasification borehOLes was drilled into the
No.6 coalbed at the Inland Steel Co. mine, Jefferson County, IL.
The holes were drilled during June, 1972. The nine inch diameter
holes were drilled with a rc.tary drill and casec' with seven inch diameter
steel casing to within a few feet of the top of the coa1bed. The
northeast corner hole, No. I NE of the pattern, was selected for
hydraulic stimulation. It was drilled to a total depth of 743 feet
and penetrated nine feet of the No. 6 coalbed.

A hydraulic stimulation was designed that would induce a fracture
within a 450 foot r8dius from the borehole, and remain totally contained
within the coa1bed. Table 11 shows the ca1.culated l7esults expected
from three stimulation treatment designs for fluid volumes of 5.000,
12,000 and 15,000 gallons. Design 2 was selected for the stimulatLon
treatment. The coalbed was stimulated through a 2-3/8 inch diameter
high-pressure tubing. A pucker in the tubing string was set in the
casir.g at a depth of 720 feet. with a tailpipe extending to the niddle
of the coa1bed to a deptt of 733 feet. Twelve thousand gallons of
water were gelled with 240 pounds of gu~r gum to form a light gel fluid.
The gel fluid and 6.400 pounds of 10- to 20-mesh size pLopping sand
were used in the treatment.

- 83 -



00
~

FIGURE 29. - INDUCED FRACTURE IN FACE CLEAT OF
PITTSBURGH COALBED. NOTE TERMINATION OF FRACTURE

AT DRAW SLATE (16).
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FIGURE 30. - INDUCED SAND-FILLED FRACTURES IN BUTT
CLEAT DIRECTION IN PITTSBURGH COALBED (.6).
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, TABLE 11 .. Designs for stimulation of borehole USBM No. lNE,

Jefferson County, 11. (6).

-::----=_.~-_-------_=__=_::__::~----D:esl~n-...;.1=---...;.D~e::.;s:-:'1~g~n;....::2'--...:D...:e;;;:s-:1~&",::n-....-3_
Production •••••••••••••••• fold increase •• 5.5 7.5 8.0
Total volume •••••••••••••.••••••••.• Mgal •• 5.0 12.0 15.0
Pad vo lume ••••.••••.••••.•••••••••• Hga1 • • 2 •0 2 •0 2 .0
Propped fracture length •••••.•••••• fcct •. 140 305 391
Propped fracture height •.••••••••.••• do •• 6.9 6.9 7.1
Viscos tty •••.•.••••.•..•.••• Centipo ises. . 6 6 7
Fracture width .......•••••••..••. inches •• 0.17 0.2e 0.22
Propping sand •........•• 100-pound sacks.. 26 64 101
Created length .•••••••••.••••..•• ~.~.f~e~e~t~.~.~...:2...:2...:2 4...:3...:l'-- ~50~S'--_

b total of 2,000 gallons of gel fluid was injected into the coalbed
tl L~ all spaces around the borehole and initiate the fracture. The
formation broke at 1,000 psig. The fracture was propagated with an
injection rate of 10 bpm. The following volumes of sand-laden gel fluid
were successively injected into the coalbed: 3,000 gallons at 1/4 ppg
sand concentration; 2,000 gallons at 1/2 ppg; 1,800 gallons at 3/4 ppg;
and the final 3,200 gallons a~ 1 ppg. The average injection pressure
was 900 psiS, but a maximum injection pressure of 1,000 psig was reached
(Figure 31). After treatment. the test hole was put on gas and water
production. Gas f10\" was mev'.lred to be 4,300 cfd.

The induced vertica~ fracture was intercepted by mining in May,
1974. The induced fracture was propagated in a direction of N 760 E
from the borehole. It was mapped across fo~r entries of the No. 11
right entries off the West main entries of the ~ine (Figure 32). Th~

~nduced vertical fracture did not appear to follow the directions of the
face or butt cleat; it followed a path subparallel tc the axis of a
small anticlinal fold on the flank of the co.;l basin. 'I'll!! stimulEition
created a single vertical fracture in the coalbed. The fracture was
mapped for 416 feet from the borehole. The sand-propped fracture
extenden vertica]ly fro~ the roof shale to a hard shale parting approx­
imAtely two feet from the bottom of the coalbcd. The fracture was seven
feet in height.

The fracture could be readily traced across the entries in the roof
coal. It ranged from 1/8 to 3/8 inch in width, averagin~ approximately
1/4 inch (Figures 33-36). Approximately 61 cubic feet of fracture volume
was created which war; filled with sand. Sixty four cubic feet of sand
was used during the treatment. The three cubic feet difference can
he attributed to sane that settled in the borehole. The excess sand
was removed from the borehole immediately after treatment. This well
1s designated "No. 5" on Table 3.
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FIGURE 31. - PRESSURE N'ND INJECnON RATE CHARTS
DURING HYDRAULIC SI'-.MULATION, USBM NO.1 NE,

JEFFERSON COUNTY, ILL.. (16).

4,0(\0iii i I I I I I iii I I I i I I !

c:,a..
Q.

"
J
i'

r
I
I
!,,

()
.....

.
§2.000
en
en
w
f

w
~
II:
Z 10
o
i=
~
~

Z- o 4

Ii:

I I I I I', I I I I I '"""""I

8

TIME. lIIin

!6

-,~~



FIGURE 32. • INDUCED FRACTURE ORIENTATIONS AS
RELATED TO MINE ENTRY DEVELOPMENT AT

USBM NO. 1 NE, JEFFERSON COUNTY, ILL. (18).
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FIGURE 33. - TRACE OF SAND-FILLED INDUCED FRACTURE
IN ROOF COAL OF MINE ENTRY AT POiNT A

ON F'GURE 32 (16).
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FIGURE 34. - DETAIL OF INDUCED FRACTURES IN ROOF
COAL AND TERMINAYlOr. OF FRACTURE IN ROCK

STRATA OVERLYING COALBED AT POINT A
ON FIGURE 32 (16).
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FIGURE 35. - SAND-FILLED INDUCED FRACTURES IN RIB

AND ROOF COAL AT POINT C ON FIGURE 32 (16).
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FIGURE 36. - SAND-FILLED INDUCED FRACTURES IN RIB
AND HOOF COAL AT POINT B ON FIGURE 32 (16).
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STIMULATION USING FOAM

Foam. use~ as a ftacturing fluid. is a mixture of liquid. gas.
foaming surfact.ant. and proppant. The liquid used for coalbed stim­
u13tion is fresh water. Various =ypes of surfactant have been used.
but the type chosen must always be compatible with the water used
so a~ to form a foam when mixed with gas. N1trog~n is currently
the most popular gas used for treating coalbeds because it is generally
available a~d i~ practically non-reactive with coal and coal's associatEd
reservoir fluids. Figure 37 illustrates how these basic ingredients
are combined and then injected into a well during foam stimulatit;:I~.

The first Government-sponscred fOLm stimulation of a coalbed was
conducted in ear~y 1976 (see Table 3). Since that time. 45 coalbed
~as drainage holes have been treated using foam. A few o~ the opecific
advantages c.f using foam rather than gelled fluids :lre:

1. Foaro possesses inherent qualities which appear to decrease
the amount of fluid leak-off to thp cc'a1lJed (2) (36). As a result.
the number of "sand-cuts" occurring during coalbedstimu1ation has
been ~educed by more than 50%.

2. Foam treatments do not rely on heavy gels to carry proppant
d~ring stimulation since the foam itself has sufficient proppant
carrying capacity (.!.) <.~). Problems associated with proper proportioning.
mixing. injection. and breakdown of gels are thus avoided entirely.

3. Foam treatments are very clean in that most stimulation fluids
are removed from the coa1bed in less than one day. This shor.t exposure
time limits the possibility of harmf~l reactions with the coalbed
reservoir system (!). which could reduce fracture-conductivity or cause
formation damage.

4. The logistical advantages of using foam are sIgnificant.
On-sitf water reGuirements. for example, are about 60-80% less using
foam when compared to similar volume size gel treatments. The low
liquid content of foam reduces hydraulic horsepower necessary for
injection and thus. sma1lar pumping units are required for stimulation.
Such reduced on-site storage and equipment size requirements also
r.,~_nimize costs for well site clearing operations.
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FIGURE 37. • SCHEMATIC SHOWING SURFACE
REQUIREMENTS. OF FOAM..TYPE STIMULATION TREATMENTS.
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5. Injection rates for foam can be 10 bpm o~ less i/o Within
a recently completed gIid pattern, for example. 15 wells were each
stim~la(ed successfully with 50,000 gallons of f0am using a single
small pump truck normally used for cementing work (~). This pumping
unit used a 1iqu iel inj ~e t ion rat e of only 2. 5 bprr. to the 1, noo f 00 t deep
coalbed. After adding nitrogen and surfactant, the volume of fOB~

injected was inere~sed to 10 bpm.

The f0llowing case studies summarize some at the mn,e significant
wJrk completed by Government rp.seareh since the time foam was first
introduced inr.o coalb2d stimulation aes1gn. This section is similar
to the proceeding g~lled fluid ~ase studies in that it includes
descriptions of all foam stimulated boreholes exposed thus far by mining.

Pittsburgh Coalbeo, Greene Coun£Y, FA (37)

The first coalbed to be foam-stimulated as a part of a Government
sponsored test was .he Pittsburgh coalbed in early 1976 on the Emerald
Mine property, Greene County, PA. 10/ The success which resulted ~rom

the initial test treatment encouraged mine de.velopers to complete a
small pattern of eight degasification wells (Figure 38), seven of which
were sti~ulatec us~ng foam (see Table 3, well Nos. 21,22,24.25,27,28,30).

The sev~n wells were rotary drilled to about 40 feet below the
Pitt~burgh coalbed to provl~e a sump for water accumulation. The 6-1/4
inch diameter wells were cased with 4-1/2 inch diameter casing that was
cemented to the surface. A drillable formation packE~ shoe was set
in shale above the main coal bench of the Pittsburgh coaloed leaving
the coalbed and t~e underlying sump open to the wellbore.

Each of th,~ seven foam treCltments used an average r-f 8.200 gallons
of water, five gallons of fo~ming agent (surfactant) r~r 1,000 gallons of
water. ll.ln~ pou~ds of 10 to 20 or 20 to 40 mesh sized prop sand, and
300,000 stu cubic feet 01' nitrogen.

9/ MeaFured sand settling velocities in foam are generally much less
than settling veloc~ties in water Gr most gels. In fact, the
abJlity for foa~ to carry proppant increases as flow velocity
(inj ",etion rate) d€!creases <.~). The use of comparatively low
injection rates is therefore reccmmended when pumping foam.

10/ The first reco~ded foall-stimulatjon of the Pittsburgh coalbed took
place March 24, 19Ui, ,1ear the Loveridge Hine (Consolidated Coal
Company), ~~rion County, West Virginia. Information regarding this
experiment is included in a publication entitled: !!ydraulic
~t)ml\lation of tlle Pitts~~h Coal Seam: A CASE STUDY, b)' R. L.
Mazza, Proceedings from t1ethane Recovery from CoaJ.beds Symposium
sponsored b)' the Departm~nt of Energy in Pittsburgh, PA, April 18-20, 1979
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FIGURE 38. • PATTERN OF EIGHT DEGASIFICATION
WELLS LOCATED ON EMERALD MINE PROPERTY,

GREENE CO., PA. (37).
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Each treatment began with about~. ga110n8 uf water (water pad)
followed by 600 gallons of foam. The Lmuunt of sand added to the foam
was increaseQ gradually as a precaution against a "sand-out"; the
injection rate was also gradually increo jd. The treatments were completed
with a flush of foam to push the sand into the coa1bed. Sand "screenouts"
occurred during four of the treatments.

After treatment, the wells were allowed ~~ 'lowback aB soon as
possible. F10wback of the wells, immediately after t~eatment, produced
znough water to account for the trp.atment fluid plus some additional
format LOll of "~ater.

After flowback, the 1IIells were equipped wi.;h sucker rod pumps (84
to 100-bbl/day capac:i.ties). Gas production was measured intermittently
using an orifice meter (Table 12).

TABLL: No. l~ - Gas production measu:ed fr.,m .degas1fication
boreholes at Emerald Mine. (~rl!ene County, PA (37)

1,400
44,400
62.800
86,700
72,300
74.800
66,900
~7,000

20,400
16,500
16,000
8,000
3,000

19,000
3,S10
3,510
3,140
4,700
3,220
3,140
3,140
2,700
2,000

18,200
8,100
8,:J90

29,900
25,200
25,900
25,200
13,000
28,000
14,400

5,800

44,400
44,400

105,000
5&,000

800

24,400

100,000
86,400
69,700
64,100
61,100
61,100
59,000
82,000

79,800
86,400
81,900
69,700
61,100
72,300
74,800

117,000

3,510
3,51)

16,000
7,090
7,470
8,840

18,100
100,000

40,000 100,000

30,000
17,500

1,000
800

41,400
39,800
39,800
44,400
28,200
15,200

625

1,070
1,080
2,430
2,730
2,720
3,060
3,060
1,800

10,400
9,100

nate Tested Cas Production, scfa---
.'e11 1'0. 1 3 4 5 --=-::--::~6~,...--=--=-7~=~=-=-=8~:.--_~11:..* _

09- 24--=i=-=6-. ....:.•.:.::.:;.:;.;.::.-.::'::':=---~---'::'7"":,5=-:0~0:-----:----=-940 20-30, 000 120.000 10,800
10-01-76 •.•.... 14,000 2- 8,000 122,000 10,800
10-29-76 •.•.... 19,500 16,800 14,000 10,000 140,000 21,000
11-10-76 25,200 16,700 100-34,000
12-14-76 23,300
01-08-77 ......• 24,500
01-26-77 ..•...• 42,000
02-08-77
03-28-77
03-29-77
08-31-77
09-07-77
09-14·-77
09-19-77
10-13-77
10-20-77
10-27-77
02-01-78
06-02-78
07-20-78
09-11-78
10-26-78
U-19-78 .-;;..-;;.-:.. .:... .:..• .:....''- _

*Stimu1ated using a pressurization/depressurization water frac technique referred
to as "Kiel Frac".
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1 Induced fractures ~ere later examined underground after mining
operations had passed n~ar or through three of the seven foam ettmulated
borehole test sites. The sand-propped fractures observed were oriented
both vertically and horizontally.

Horizontal fractures were reco~d~d ~o be present at two of the well
sites, EM-5 and EM-6. At EM-5, a well-ddve1oped, 1/8 to 1/4 inch thick
sand-filled horizontal fracture ",-as found. present between the six foot
thick main coal be"ch and an overlying hard draw slate unit. The
fracture extended approximately 50 feet from the EM-5 wellbore location.
At EM-6, horizontal fractures were present within two coal/roof slate
bounda~y areas. Or-e was about 1/4 to 1/2 inch thick, and was contained
aloo~ 1.he lower boundary of thin (8 to 10 inches) rider coal unit.
The I :. .'~r horizontal fracture was present along the top of the main
coal' h and was about 1/2 inch thick. Horizontal (and inclined)
fract~ .s extended at least 10 feet, and at most 80 feet, from the underground
locatio~ of EM-6.

Vertical fractures were measured at all three of the wells (~1-5,

EM-6, and EM-7). At EM-5, these partially sand-filled fractures were
traced 150 feet from the well's underground location and ranged in
width from hairline to a~out 1-1/2 inches. Vertical fractures from
EM-6 were up to 2-1/2 inches wide. partially sand-filled, and were
traced a total distance of only 20 feet. The actual distance of
induced sand-propped f~acturcs could not be determined since the fractures
extending from EM-6 entered coal pillars present on both sides of :~he

well. This meant that the max~um linear extension of the~e sand-filled
fractures was less than 170 feet from the well site. At EM-7, vertical
fractures were from 1/4 to 1/2 inches wide and could be observed for
a distance of only 18 feet before the iracture entered a coal pillar.
Maxim\.J.1I1 .:xtension of vertical fractures from EM-7 was calculated to
have been less thar. 120 feet from the we-libore.

All the induced fractures observed undergro1Jnd at Emerald Mine
we~c developp-d along what was determined to be the coal's face cleat
direction.

No evidenl:e was found to indicate that vertically induce.l fractures
had penetrated the roof or floor rock material except at EM-6 where
a 1/4 to 1/2 inch wi.de, part.ially sand-filled fracture was found to
extend into the shale rock roof. As noted earlier, horizontally oriented
fractures we~c also obs~rved in areas of the roof above the main coal
bench. Figures 39 and 40 ~:i lustn.::e the orientation and position of
ehe .induced fract:Jres observed at EM-5 and EM-6.

Marv ~ee Coal1~d, Jefferson CO~lntYJ--AL (26)

Two test wells were completed approximately 950 feet and 1,010
feet away from a mine operating at a depth of about 1.100 feet in the gassy
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FIGURE 38. • POSITION AND ORIENTATION OF
THE INDUCED FRACTURES OBSERVED NEAR

DEGAS WELL NO. EM·5.
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FIGURE 40. • POSinON AND ORIENTATION OF THE
INDUCED FRACTURES OBSERVED NEAR DEGAS WELL

NO. EM-8.
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Mary Lee Coalced. The two wells designated TV3 and TW4 (see Table 3,
Well Nos. 36 and 42) were rotary ori11ed to 30 and 15 feet respectively,
below the five-foot thick lower bench of the Mary Lee Coalbed. Both.
holes were geophysically logged and then cased from the top of the
coalbed to the surface using a ceme~t pa(~£r shoe. Casing centralizers
and c~ment basket~ were used to corr~ctly position the casing and
minimize the weight of th~ cement near the base of the casing.

An abrasive jetting device, fixed to s~all diameter tubing was
used to cut verticaL slots into the exposed coalbed (lower bench) .
.Tetting design called for a nitrogen gas and 20-to 40-mesh size sand-water
slurry to cut the vp.rti~al holes into the coal. Three slots spaced
120 degrees ap~rt, were c~t at TW3 and two slots, spaced leO degrees
apart, were Lut at TW4.

The coalbed was then stimulated using foam (75 pe~cent nit~ogen,

25 percent water) to carry sand proppant. TW3 wa~ treated using 20,600
gallons foam, le,OOO pounds ~O-to 100-mesh size sand (used as a fluid­
loss addiUve), aud 15,000 pounds of 2o-to 4o-mesh size sand proppant.
The original treatment design for TW4 w~s identical to that used at TV3.
Stimulation procedures were stopped early at TW4 when foam containing
sand was observed coming to the surface arou~d the well casing. As
a result, total volunes of materialn used at TW4 were approximately
12,200 gallons foam, 10,000 pounds of aO-to 100-mesh sa~d and 2,500
pounds of 20-to 40-mesh sand.

The initial pressure "break" occurred at both wells about 750 psig
while treating pre~sur~s were approximately 1,400 psig. Injection rates
at TW3 and TW4 averaged 10 bpm. Both w~lls were treated through a 2-3/8
inch diam~cer tubing with a packe.r set in casing n~ar the bottom of the
hole.

The wells were allowed to flow back immediately to110wing stimulation
through e. small diameter choke nipple. In this manner, downhole flow
velocity was restricted, minimizing the possibil ~"ty of carrying large
amount~ ot proppant back to tpe wellbore. TW3 was allowed to
"h1m•.> ":'::"c:k" for approximately! ...!ven days after stJ.mulation. TW4 was
all:)wed 0:0 "blow back" water a\1d gas without the use of a pump
thr\lughout the life of the well. A pump was installed at. TW3 and both
wells were equipped with meters to monitor production.

The Mary Lee coalbed is comprised of two benches in the area of
Oak Grove (~). The lower bench is the thicker of the two and is the
coal unit mined. The upper bench is thin, contains several shale
partings, and occurs about seven feet abcve the lower coal. A plan to
stimulate the upper coal bench was implemented at TW3 approximately
seven months after stimulation of the lower coal unit.
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nile upper bench was ....el.'cated through casing using a Gamma r3Y ­
neutron leg and then perforated with shaped charges. The coal was then
st:ir.lulat'!d through tubing us;~ng 5,000 gallons of foam, J,':'OO pounds of
80 to 100 mesh size sand, nnd 3,600 pounds of 20 to 40 mesh size glass
heads. FOl1'l8ti"n "break" was re(:orded to be 600 psig. Avelage in~ection

rate vas 5 bplll.

Test Well No. 3 was put into production on DecembEr 20, 1976
(Figure 41). An initial period ~f rather unsteady, but generally high
daily gas flows is attributed to several unloadins episodes simtl?r to
those described earlier by Lambert and Trevits (£1). Gas flow from the
well soon became less erratic but generally declined from over 140,000
cfd to 50,000 cfd after 55 days of menitoring. Daily water fIr,w from
1~3 also declined during this period from over 75 bpd to 13 bpd. During
the next 161 days of production, gas rates increased gradually to
85,000 cfd while water flo,,-' dropped only slightly to 10 bpd. After
216 da)s of production, the gas flow was stopped by flooding the well
with water to allow for stimulation of the upper bench cf c~~l. Pumping
operations resumed 25 days later. This time, water production exceeded
75 bpd for seven days and then decreased to 18 hpd during th~ la~t

30 days of production. Gas flows from the well rose to 45,000 cfd
as water flow decreased. The complete production history of TW3 is shown
on Figure 42. Pigure 43 shows gas p~oduction from TWl. Est1mstes of
gas flow from TW4 dl'ring the initihl "Froduction" period indicated
a rat~ of over 180,000 cfd. Twenty-three days after stimulation,
measurements using an orifice and a manometer showed oally gas productiou
to be 183,000 cfd. A meter, installed at TW4 several days later.
indicated that daily gas flows were very high but somewhat erratic.
Flows averaged about 150,000 cfd until a sharp drop occurred ~round

October I, 1977. Gas rates had declined to about 40,000 cfd the day
before the well was plugged.

It is important to remember that TW4 was never equipped with a
pun:p to remove water from the \o:ellbore, which explatns. in part, the
erratic nature of the curve ::;hcwn on Figure 43. Also, portions of
Tes t Well No. 3 gas and wa ter pt'oduc t iOll (shown on Figure 43) ind icate
that eac~ te::;t well affected the oth~I"S production. This again,
acconnts for snme of the erratic production from 'TI14.

The composition of gas produced from TW3 and TW4 is shown on
Table 13. Ana1ysi.s of g:lS samples two days after TW3 was put on pl"~,duction

indicates that only a small percentage of the nitrogen used to stimulate
the well remained in the coal at this time. Similarily, gas produced
from 'rw4 contained less than seven percent nitrogen an almost 93 percent
methane only tvo days after ~he well was stimulated.
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FIGURE 41. - POSITION OF TW3 AND TW4 IN
RELATION TO ACTIVE MINING AT THE TIME WHEN

BOREHOLE PRODUCTION WAS INITIATED (26).
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FIGURE 42. • PRODUCTION CURVES r=OR TW3 (26).
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FIGURE 43. • PRODUCTION CURVES FOR TW4 AND

PORTIONS OF TW3 (26).
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TABLE 13 - Gas Analyses from TW3 ~nd TW4 (26j

&te Gas Ptlrcenr. gases in sample
sampled CO2 O2 NZ CO CHi. HZ CZM O C3He C4HlO Remarks

--TW3--

11/21/76 - well !'timulated
12/20/76 - well put on production
12/22/7& 0.03 0.42 4.5 no 9'1.6 no 0.0010 0.0001 no
C1/14/77 0.02 0.06 2.3 no 97.6 no 0.0083 no no
02/1'1/77 0.02 0.08 2.0 no 97.9 no 0.0058 no O.OCOl
07/18/77 0.03 0.06 L6 no 98.3 LO 0.0043 no no 10:20 a.m.*
07/18/77 0.03 0.06 3.2 no 96.7 no 0.0044 no no 3:22 p.m.*
07/18/77 0,.03 0.10 6.5 no 93.4 no 0.0046 no no 4:54 p.m.*
07/19/77 0.03 0.08 2.5 no 97.4 no l.005Z nl'"' no
09/13/77 (j.03 0.03 1.9 no 9.1.1 no 0.0067 no no

--'l'W4--

07/18/77 .• 'Iell stimulated
07/18/77 - well put on production
07/20/77 0.06 0.50 6.7 no 9i .8 no 0.0049 no no
08/10/77 0.02 0.04 1.1 no 53.8 no 0.0008 0.0002 no
09/13/77 0.02 0.05 0.09 no 'Jg .0 no C.0067 no no
10/16/77 0.02 0.06 1.1 no 98.9 no 0.0061 no no
10/17/77 0.02 0.10 1.Z no 98.7 no 0.0074 no no

_._---
*Test W~11 No.4. 510 feet away fron. Test Well No, 3, was f<.lam stimulated

from 2:14 p.m. to 2:42 p.m. ")n July 18. Note tbe increase in NZ gas produced
from TW3 shortly after.
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After TW3 and TW4 werf~ mined through, an undergrcund study was
conducted to determine jf the foanl-induced fractures had propagated in
directions which correspcnd to the area's coal cleat and rock joint
~l:ends. To do this, an area of the mine nE'ar TW3 and T'w4 was divided
int? 23 3tations as shown on Figure 44. Compass measurem..,ats were
made of all visible ro()f joints and at least 15 coal cleats within
each stat.ion. eirectL)n of all sti7'lulated fractures cont.aining propping
agent, fluid-loss material, or cement were also measured. All measure­
ments were a~justed for magnetic declination and then plotted as rose
diagrams. Figure 45 is a composite rose diagram for the entire area.
~e average direction of the stimulated fr~ctures was =ound to be
~I 67 0 E, while the average roof joint direction in the northeast
quadrant was ;'1 660 E. The coal. dE'at ditecticn (face cleat) a....eraged
N 5So E.

Figure 46 is a plan view of the mine showing the test well locations
and the traceable lengths of the fractures induced by stimulation.
Coalbed features, such as highly slickensided "roll" areas and slight
structural ~isplacements are also noted on Figure 46.

Propagated fractures examined were vertical, typically beginning as
a hairline crac.k about three feet up from the belse of the coal, and gradually
widened to approximately 3/16 inch at the top of the coal. The frac-
tures continued upward at the same thickness for an undetermined distance
into thl:! roof.

Cement used to set casiag was contai'lec\ within the sante vertical
plane as the sand and extended up to 80 feet from the wellbo~es.

Examination of samples of this cement ~ho~ed it ~o c~ntain several coal
particles but no sand.

A large quantity of casing cement W~~ found b£'1oYl the packer shoe
at TW4. Gement covered most of the coalbed except \;here the two
sloes, each five inches wide were cut f~om nine to 12 inches into the caal.
The ori.:mtation of th~se slots was found to be approximately 90 degref'.s
t'1 the stimulated fracture. TW3 had not been int"·:r,:epted directly at
the time of the undergrouad study so it was impossible to make stmilar
inspections of the packtr and jetted slots.
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FIGURE 46. - PLAN VIEW OF lItHE ..OWING TW3 AND TW4
LOCAnONS, TRACEABLE INDUCED FRACTURES AND OTHER

FEATURES ~S OBSERVED UNDERGROUND (26).
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Smaller-sized sand (80 to 100 mesh) was found to make up over
90% of the stimulation matp.rial within the coalbed. Examination of
saI.d taken from the roof showed it was mostly the 20 t.o 40 mesh size.
No evidence of the glass beads used to stimulate the upper bench at
TW3 could be found.

Mary Lee Coalbed, Jefferson County, Alabama - Case II (27)

The largest scale application of foam stimuation was cOMpleted
in the 1,100 foot deep, five foot thick, lower bench of the Mary Lee
Coalbed near Oak Grove, Alabama, July thru November, 1977. Fifteen of
l~ coalbed gas drainage wells, within a closely spaced grid pattern
(Figure 47), were treated u~ing an average of 48,200 gallons of f02m
(25% water). Specifications for each of these treatments are included
on Table 3, Well NaG. 43, and 47 thru 60.

One of the more ni)leworthy facts about the Oak Gro\le well
stimulations is that not ,a single "sand-out" occurred during any of
th~ 15 foam treatments. The absence of sand-outs generally indicates
that little fluid leak-off occurred during these treatments. It
is not clearly understood whether fluid leak-off was extremely
well-controlled due to the inclusion of a particular type of physical
fluid··loss control agent 11/ ":hat was mbed with the first 20,000
gallons of foam pumped :l.nto e.-cll c,f these wells or because the foa[ll
itself possessed highly ef~icient fluid-loss capabiliUes c.?.). The
fact that the last two wells stimulated (Nos. 59 and 60 or. Table ,j)
were treated successfully using utl to 75% less of to"e fl1'.lJ~loss agent
suggests that the foam itself, was not very s~sceptible to leak-off.
It is now th~ught that future foam treatments in this area will require
only very small amounts of, or no additional, additives to control
fluid-loss.

Flowback after stimulation of each of the 15 wells typically
lasted less than 24 hout's. During th1.s time, most of the fluid USEd
to treat the wells was brought to the surface. The wellborc~ ~ere

then cleaned out and equipped with pumps to remove water, and net~l,

to monitor production •

..!.!./ The physical fluid loss agent referred to is a spherical-grained,
80 to 100 mesh sized sand, thought to ~educe fluid leak-off during
stimulation by partially blocking minute secondary fractures as
the main body ~f treatment fluid propagates away from the wellbore.
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SECTION 19
A6W A5W

FIGURE 47. • OAK GROVE DEGASIFICATION GRID PATTERN,
MARY LEE COALBED, JEFFERSON CO~, ALABA'MA

t

r

I

7•

25• 16 15 6./. .
__---fPO ~-------

/'.24 .0/ • 14

~ ~CS
/

/'

SECTION 30
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Figures 48 through 55 show daily gas and water flow from each of
the foam-stimulated boreholes on the grid pattern at Oak Grove. The
production presented occurred ~uring a 1.000 day interval. starting
on August 5, 1977, when the fIrst borehole (N~. 22, Figure 47) was
put on production.

Chronic water-pump problems were experienced at Oak Grove throughout
the time-period indicated. As the boreholes were pumped, sand that
had been used during stimulation was routinely observed in ti.!'! water
~ffluent. At first, this sand did not disrupt the waterflow; h~wever,

as the water levels in the boreholes were lowered, sufficient quantities
of sand accumulated to completely stop the pumps, especially during
or just after well unloading occurred. As a result, it was necessary
to continually remove pumps, repair them, clean the sand from the
~oreholes, and then reequip the boreholes for production. Gas flow
from the coalbed decreased sharply or stopped from each borenole in
response to r:f.sing water levels, as its pump became less effective
or completely inoperative. Thus, both water and gas production
rates fluctuated ~reatly during the period of time presented.

Daily production rat~9, number of boreholes pumping, and the
cumulative amount of gas and water produced from the entire field
is p~esented on Figure 56. It should be noted that data from two
boreholes in the pattern which were not foam-stimulated have been
included nn Figure 56. These two boreholes are numbered 7 and 9
on Figure 47. Production from borebole No. 9 is presented sep~rately

on Figure 58 and production from borehole No. 7 is shown on Figure 60.

- 113 -

•j
-----,---""'"- - p-

I'

t
I



I
t

1
f,
!
I
i

I
!
I
L.~.

-

700

II

800
~

J

I

500

",,-I'" ." ., .... ' ', __ ' .,.0;>,

J

I

T

GAS VB. TIME (DAYS)

I

I

200

I

I

100

I

f~•._".,.." ...,,,-*.....-::.. ~i,
RGURE 48 - DAILY PRODUCTION FROM FOAM-SnMULATED WELLS ;~

NO.3 AND NO.4, MARY LEE COALBED DEGASIACAnON I
PATTERN NEAR OAK GROVE, JEFFERSON COUNTY, ALABAMA I

~~#3 I
I

300. I I f -! I I --, I
i

I,
i

c:-
:1 200-••CJ100

........
J:-

I

0

200

~-.Q..-
~ 100~

l!!c•
0

,.



FIGURE 48A - DAILY PRODUCTION FROM FOAM-STIMULATED \"ELLS
NO.3 AND NO.4, MARY LEE COALBED DEGASIFICATION

PATTERN NEAR OAK GROVE, JEFFERSON COUNTY, ALABAMA
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FIGURE 49 - DAILY PRODUCnoN FROM FOAM-SnMULATED WELLS
NO.5 AND NO.6, MIlRY LEE COALBED DEGASIFICAnON

PATTERN NEAR OAK GROVE, JEFFERSON COUNTY, ALABAMA
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FIGURE 49A· DAILY PRODUCTION FROM FOAM-STiMULATED weLLS
NO.5 AND NO.6, MARY LEE C:OALBED DEGASIFICATION

PATTERN NEAR OAK GROVf~ JE:FFERSON COUNTY, ALABAMA
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FIGURE 50 - DAILY PAODUCne-N FROM FOAM-SnMULATED WELLS
NO.8 AND NO. 13, MARY LEE COALBED DEGASIFICATION
PATTERN NEAR OAK GROVEi JEFFERSON COUNTY,ALABAMA
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FIGURE 50A - DAILY PRODUCTION FROM FOAM· STIMULATED WELLS
NO.8 AND NO. 13, MARY LEE COALBED DEGASIFICATION

PATTERN NEAR OAK GROVE, JEFFERSON COUNTY, ALABAMA
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FDGURE 51 • DAILY PRODUCTION FROM FOAM-5TIMULATED WELLS
NO. 14 AND NO. 15, MARY LEE COAlBED DEGASIRCAnON
PATTERN NEAR OAK GROVE, JEFFERSON COUNTY, ALABAMA
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FIGURE 51 A - DAILY PRODUCTION FROM FOAM-STIMULATED WELLS
NO. 14 AND NO. 15, MARY LEE COA(.BED Df;;GASIFICAT~ON

PATTERN NEAR OAK GROVE, JEFFERSON COUNTY, ALABAMA
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FIGURE 52-DAILY PRODUCnON FROM FOAM-SnMULATED WELLS
NO.18 AND NO.17, MARY LEE COALBED DEGASIFICAnON

PATTERN NEAR OAK GROVE, JEFFERSON COUNTY, ALABAMA
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FIGURE 52A - DAILY PRODUCTION FROM FOAM- ST:MULATED WELLS
NO. 16 AND NO. 17, MARY LEE COALBED DEGASIFICATION
PATTERN NEAR OAK GROVE, JEFFERSON COUNTY, ALABAMA
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FIGURE 53 - DAILY PRODUCTION FROM FOAM-STIMULATED WELLS
NO. 18 AND NO. 22, MARY LEE COALBED DEGASIFICAnON
PATTERN NEAR OAK GROVE, JEFFERSON COUNTY,ALABAMA

WELL # 18

.I\.4f-

300
1 I

czoo
i-•a100

J-- --T- 1
I I I

t-'
:.J
~ 0' J I r I ,~,

GAS vs. TIME (DAYS)

i ZOO 1 I I r -

Iii-

I I :~'-r -J
11:100w
~
C
~

o
100 200 500 600 100

I.,



...
.• ,..,.<".~~

FIGURE 53A· DAILY PRODUCTION FROM FOAM· STIMULATED WELLS
NO. 18 AND NO. 22, MARY LEE COALBED DEGASIFICATION

PATTERN NEAR OAK GROVE, JEFFERSON COUNTY, ALABAMA
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FIGURE 54· DAILY PROOUCnON FROM FOAM·STlMULATED WELLS
NO. 23 AND NO. 24, MARY LEE COALBED DEGASlFlCAnON

PAnERN NEAR OAK GROVE, JEFFERSON COUNTY, ALABAMA
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FIGURE 54A - DAILY PRODUCTION FROM FOAM-STIMULATED WELLS
NO. 23 AND NO. 24, MARY LEE COALBED DEGASIFICATION

PATTERN NEAR OAK GROVE, JEFFERSON COUNTY, ALABAMA
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FIGURE 55 • DAILY PRODUCTION FROM FOAM· STIMULATED WELL
NO. 25, MARY LEE COALBED DEGASIFICATION PAnERN

NEAR OAK GROVE, JEFFERSON COUNTY~ ALABAMA
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FIGURE 58 • DAILY PRODUCnON; NUMBER OF OPERATING
WELLS AND CUMULAnvE TOTAL AMOUNT OF GAS AND

WATEr. PRODUCED FROM THE MARY LEE COAL BED
DEGASIFICAnON PATTERN NEAR OAK GROVE,

JEFFERSON COUNTY, ALABAMA
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Jawbone Coalbed. Dickenson County. Virginia

A fo~m stimulation treatment was conducted in July. 1978. at a w~ll

drilled into the Jawbone coalbed near the first underground development
of the MCClure No.1 mine near Dante. Vir~inla (Table 3. ~ell No. 61).

The well was completed in an open-hole fashion, exposing the fiv~

foot coalbed and about 25 feet of underlying rock strata. Gasing was
set in the borehole approximately two feet above th~ 425 foct deep coal~ed

using a packer shoe. then cemt!'"lted from this packer to the surface.

Stimulation was accomplished directly through the four inch
diameter casing aad began with a 4.200 gall~n water pad to open a
fracture in the coalbed an~ retard fluid leak-off. Initial formation
"break" is believed to have occurred at a pressure of 1.000 psi. This
was much higher than had been anticipated for the relatively shallow
coalbed being treated. Nitrogen and surfactant were then added to create
foam. Treatment injection rate was 12 bpm.

Total treatment volume was 35.300 gallons foam. Approximately
28.000 pounds of 20 to 40 mesh size sand were injecteJ into the borehole.
No physical or chemical fluid-loss additives were used to complete this
foam stimulation treatment. Early production results from this eoalbed
gas drainage well are shown on Figure 57.
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FIGURE 57 - DAILY GAS AND WATER PRODUCnON FROM
WELL NO. DG-1A, DICKENSON COUNTY, VIRGINIA
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~IsrELLANEOUS STIMULATIO~ TECHNIQUES

There have been several other types of stimulation treatments
tested which cannot be categorized unde~' e1.ther type previously
discussed. Although some of the techniques described in this section
are not considered applicable to coalh~d stimulation, some "cilers
may prove to be highly effe~tive and ~ tould be further =e$tc~.

Some early c.)albed sLirnulatic'1 ;'tt~\!;lpts were con·~u~ted by C. R.
Srindler and W. N. Pound&tone (35) d'~:i~[ the late 1950s. Two vertical
boreholes were drilled into thePit';~burbh~oalbed nca't' Morga~town,
W~st Virginia and stimulated.

Total depth of the first hole studil~d was ')15 fee~. Pre-stj(r.ulation
gas producti0n was measured to be 25,000 cfd \;hich diminished to about
10,000 cfd after eight months of water pumping. An attempt wa.s ma'~E:

to induce fractures in the cualbed by detonating a shot of nitroglycerin
at the bottom of the hole. The hole was cleared out after this
stimulation c~eatment but gas production did not exceed 3,000 cfd.
Further work on this hole was then ~~bandoned.

The second hole, 465 feet deep. was cased with 6-5/8 inch diameter
casing to th~ top of the coal. and cemented. This hole nroduced gas
at a rate of GOt 000 dd but also diminished after a sl'cn" period of
production. In an attempt to increase gas produ.~tion. the well was
fractured hydraulically by pumping 10,000 gallons of water into the
hole at rates ranging from three to five bpm at a D~ximum injection
pressure of 600 psig. Gas production was not increasei by this
stimulation treatmerlt and it was concluded that true f'c:~ctures were
not achieved because of "inadequate" rate::> of water injection.

Nitrogen Gas Treatm(:nt

Specifications for drilling, raRing, and testing vertical gas
drainage wells into the Pocahantas Coa1beds in Buchanan County,
Virginia, were prepared by the Bureau of Mine8 in 1967 (1). At the
request of a cooperating coal company, a borehole was drilled into a
projected barrier pillar. Drilling was completed in May, 1967, at
a depth of 1,530 feet. The eight inch diam~ter borehole was cnsed
with 4-~/2 inch diameteI casing to the top of the coa1bed and cel"ented
to surface.

After about one year of low production, an attempt was made to
stimulate the coalbed using nitrogen gas. Approximately 2~7,OOO ft 3
(stp) of nitrogen was pumped into the coalbed at 16.000 ft Imin (Rtp)
under a pressure of 2,700 psig. Significant fracturing was not indicated
as production was not increased.
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Combination C02 - Gel TreatmeI,t

One recent experimental coalbed stimulation design incorporates
the use of gelling agent water. and liquid C02 <lJ). Two gelling
agents and water are used in varying concentratinns iq order to provide
optimal viscosity characteristics at the surface and nell": the bottom of
the hole. The simultaneou3 addition of liquid C02 during treatment
provided flcwback capabi~ities to reduce clean-up time ;;. i~creasing

the rate of treating fluid recovery.

An 1,100 foot deep, 6-1/4 inch diameter borehole was drilled in
Jefferson County, Alabama and cased with four inch diameter pipe.
The five foct thick Mary Lee coalbed was then exposed t~ the wellbore
through 20 0.38 inch diameter perforations.

The coalbed was stimulated in July. 1977. immediately following
casing perforation. Treatment was accomplished through casing using
a total of 56,400 gall0ns of fluid (this includes 7.140 gallons of liquid
C02) and 15.500 pounds of 20 to 40 mesh size sand proppant. No
apparent: "formation breakdown" wss observed and a casing pressure of
approximately 1.700 psig was maintained throughout most of the treatment.
Average injection rate was 110 bpm (excluding one bpm liquid C02).
Sand pr~ppant was udded in one pound per gallon increments after over
44.000 gallons of fluid pad had been injected. Apparently, fluid
leak-off during this treatment was very high because a sand-out
occurred shortly after the amount of sand proppant was increased from
one to two pounds per gallon. Attempts to re-establish the previous
pressure and tnjection rate w~re unsuccessful. so the treatment was
terminated.

After clean-up. the well was eqUipped with a dewatering pump
a;ld Pllt on production. Dewatering operations were stopped after
several months of pumping produced only small arr.ounts of ga~ and
water (Figure 58). This well is designated "No. 44" on Table 3.

~ressurization/DepressurizationTreatment

Another coalbed stimulation design tested recently is referred
to as "Kiel Frac". 8/ This design incorporate!: a pressurization/
depressurization technique which. in theory. create:, effectively
long fractures alung two transverse direction~ then props the fractures
wlth reservoir rock material that slough~-off during the treatment.
l'is patent !~/ hydraulic fracturing proces~ has teen applied twice
l I~ineable coalbeds. The first treatment W&5 conducted at one of
several Pittsburgh coalbed gas drainage wells on the Emerald Mine
property. Greene County. Pennsylvania. The other "Kiel Frac l1 was
applied to the Mary Lee coalbed in Jefferson County. Alabama.

!:J:.../ U.S. Patent N(,. 3933205. awarded to Othar Meade Kid c/o
rntercomp Resource Development aad Engineering. Inc., 20no W. Loop Sl.,
Houston. Texas 77027. January 20, 1976.



.........- ...~~

FIGURE 58 - DAILY PRODUCnON FROM C02-GEL-STIMULATED WELL
NO.9, MARY LEE COALBED DEGASlFlCAnON PATTERN NEAR

OAK GROVE, JEFFERSON COUNTY, ALABAMA
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The materials used in the "Kiel Frac" stlDlulations have been
wat~r and sand. No chemical mixing is required a~d, assuming the
water 1s compatible with the coalbed water, many potentlpl problems of
production loss due to fluid form~ltion dama,~e or incomplete gel br~akdown

are avoided. The sand used 1n this process reportedly acts to filter
pack the natural joint system and/or the vertical downward extent of
rock joints thus limiting fracturing to the upper portion of the
coalbed where, it is assumed, leakage is inhibited by the overburden.
Both 80 to 100 and 20 to 40 mesh size sand have been used in combination
to treat coalbed gas drainage wells.

The Pit tsburgh coalbed was "Kiel Fraced" in ~~:I~', 1977, at a
725 fool.: deep borehole (designated "No. 40" on Tab~.e 3) which had bp..er.
cased and cemented to the top of a six foot thick coal unit. Over 54,600
gallons of wa~er and 10,000 pounds of sand were inj.=cted into the borehole
using a rate of abol't 19 bptn. W.~llhead pressure during injection stages
was approximately 1,210 psig. After treatment, the well was equipped
with a sucker-rod de1N'cltering pump and put on production. Production
results gathered from this well l:lre included on Table 12 under the
w~ll identified as EM-II.

Underground mining progressed to within 100 feet of the
"Kiel Fraced" well in June, 1978. Shortly after, this area of the
mine was examined for evidence of the stimulation treatment. Locations
where sand-propped fractures were observed underground are shown on
Figure 59. Figure 59 also includes a sketch of the exposed coal
rib section showing the position and orientation of the 0.1 inch thick
ho~izontally induced fractures.

Previous studies indicated the possibility of developing
horizontal fractures as a result of hydraulic stimulation but the actual
distance of the Kiel Frac underground survey. however, showed that
horizontal fractures can be propagated much farther.

The largest stimulation treatment to a minable coal to date was a
"Kiel Frac" treatment applied to the Ma.ry Lee coalbed in August, 1977
(Well No. 46, Table 3). The total amount of water used to tr0at the
1,120 foot deep coalbed was 79,900 gallons. Approximately 25,000
pounds of sand weJ:e injected into the coalbed at rates of Up to 1:our
pounds per gallon water. Water was injected at a rate of 20 bpm
and wellhead pressures averaged about 1,100 psig. The treatment was
completed in eight separate pressurization/depressurization fracture
cycles as presented on Table 14. Production res'Jlting from this lest
well i~ shown on Figure 60.
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FIGURE 59. - SKETCH SHOWING POSITION OF THE INDUCED

FRACTURES OBSERVED NEAR DEGAS WELL NO. EM-11
GREENE COUNTY, PAl
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TABLE ~O. 14 - Sl'WiARY OF "K.EL FAAC" PROCEDURES USED TO
STI~ruIATE A GAS DRAINAGE WELL IN THE

MAR'! L<:E COflLBED

The l"we,· bench (!l1ue Creek S"am) '~as fractured on August 9, 1977, using the
Kiel Proc~~s Gf int~rmittent pressurization/dep.essurization. O. M. Kiel, inv~ntor

of the pro~pss, feels that using the l'itPrmittent pressurizD'ion/depre~surization

method of stimulatin~ vertical boreholes results in small fractures being formed
perpendicular to the main fracture, thereby o~ening up more channels for gas flow.
The hole was fir~t flushed and then, to help initiate the fracture, water-j~tted

with 6700 gallons of water and 3360 pounds of sand at a rate of 2.5 bbl/min
(105 gpm). About 20 minutes aft.r·t~e start of the water-jetting, coal was seen
in th" discharge from th.. borehole thereby indicating penetration into the seam.
The hol~ was water-jetted for a total of 64 minutes and two opposing 3-foot-high
slots were c~t into the se~m by raising and lowering the tool during the water­
jetting operation: Af~er w~l~r-jetting, t~e hole was flushed to remove ail
residue in preparation for stimulation.

The design treatment con:;isted of eight s:ages with ten steps with each
stage. Each stage injected 9~50 gallons cf water and 4200 pounds sand ~t a
const~nt rat~ of 20 bbllmin (840 gpm).

The, st".-" within each llf the first !;ix stages are descr1.bed helow.

Steps Used in Stages 1 Through 6

~ ....f:allon~ Barrels

1 ;"260 30
2 420 10
3 420 10
4 420 10
S 420 10
6 420 10
7 5040 120
8 Blow Back
9 1050 25

10 Blow Back

Total 9450 225

Proppant

4 Ib/gal 100 mesh gand

2 Iblgal 20- by.40-mesh sand

4 Ib/sal 20- by 40-mesh sand

1~80 lb 100 mesh sand
.520 1b 20- bl 40-lDesh salld

Follc,:ing the sixth st~ge, ~Ir. Kiel made an adjust nent in the fractuunR. technique
based on his observations and, for the sev~nth and eighth stages, h~ removed
2000 gallons of water from step 8 of each of the stages and injected the water
during step 1. The sequence ot steps within "tages 7 and B are shewn beluw,

Steps Used 1n Stages 7 and &

~ Gallons Ba!.::!h

1 3260 77.6
2 420 10
3 420 10
4 1,20 10
5 420 10
6 420 10
7 3040 72.4
8 Blo;,l Back
9 1050 25

10 Blow Back

Total 945() 225

Pr-OPP,IO t

4 Ib/gal 100 me ' .. sa-:d

2 Iblgal lO- oy 40~mE'3h sand

4 Ib/sal 20- by 40-"i."sh s.:lnd

1680 Ib 100 mesh sand
2520 Ib 20- hy 40-mesh sand

Tool volumes lIsed for this treatment were 81,OoJ gallGns of water, 20,000 pO~I,ds
of 100-mesh sand, and 25,000 pounds of 20- by 40-mestl sand. No gelling or foaa>­
ing agents wer~ used. Wellhead pressures during treatm~nt ranged fro~ 900 to
1270 psig. The treatment op'Halion ran as outlin~d in the Klel design, Th!
instantaneous shut-in pressure follOWing the fracture was 270 psi at the surface;
15 minutes later it had dropped to 210 psi. I\fter treatment was cO"'.t';te~, the
valve at the wellhead was ~losed for about 55 hours until the shut-in pl~~sure
fell to zero on the ~ornin~ of August 12.
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RGURE SO-WATER AND GAS PRODUCTION FROM
KIEL-FRACED MARY LEE COALBED GAS DRAINAGE

WELL, JEFFERSON COUNTY, ALABAMA

J
f:;

i

WELL # 7

300r I I I i I r I

~
...

" J "' I'----.JI III! "

oL.-- I " I GAS VS. TIME (DAYS)

U)
C
CJ 100

-'U200
2-

f-.
l)
co

I
I
I
I

600 700

r------jr- --- j - --,200

-
/' r

JJ
500400

. (1([ III 2~

300 TIME (DAYS)

oL---l..- 100

WATER YS.

.~\. d-'<':J!fl.~ .. -., :"./jI"'II!~



.~

:~
i

po-Proppant Foam Treatment

Another type of hydraulic stimulation tested uses foam to indue'"
coalbed fractures, but does not incorporate a solid proJJpant material
in the design. Sine", there is no proppant to be carried, extremely
low injectio~ rates can be used which, in effect, allow better
control of fracture height. it is theorized that the use of very low
injection rates increase the probability of maintaining fracture
propagation within the coalbed and thus any potential damage to 6urrounding
floor and roof material is minimized. The fact that there is no
sand present within the system also decreases the possibility of
experiencing chronically severe downhole water-pumping problems that
occur Juring early phases of well production (several months). In
addition, the logistic and cost requirements of no-proppant treatm3nts
are less than standard treatments using sand because well surface
sites c~n be smallp.r; there is no cost for proppant; and less on-site
hydraulic llorsepower is required.

The first t~.st of a no-proppant foam stimulatiofl treatment was
conducted in the Mary Lee Coalbed on December 16, 1978. in Jefferson
County, Alabama (Well No 62, Table 3). An eight-inch diameter
borehole, placed approximately 1,600 feet from ar.tive mine workings was
drilled to the 1,150 foot deep coalb~d. The borehole, referred to as
1i~5, ~Jas cased with seven-inch diameter casing set several feet abov~

the five foot thick coalbed. Stimulation was accomplished through
small diameter, high pressure tubing and a 10 foot long inflatable
packer set at the top of the coa1b~d.

l'}le coalbed was treuted ·... ith 53, 000 gallons of 75% quali.ty
foam (25% water, 75% nitrogen) at an average injection rate of 4.7 bpm.
Rrf'akdown pressure was rncorded to be about 1,000 psig and average
treating pressure was 1,600 psig. Fluorescein dye and fluorescent paint
were added to the treatmLnt fluid to aid in recognition of the
propagated fracture(s) upon underground interception.

After clean-up, TW5 was equipped with a sucker-rod dewatering pump
and a surface productton IT.onitoring syst'm. \.Jater pumping operations
began on February 13, 1979, and continued until June 27 when the pump
was remcved ;ro~ the well. Gas continued to flow from the test well
until July LL, 1979. Production from m5 is presented on Figure 61.

It is difficult to assess production characteristics of TW5
because a humber of rnechar,ical adjustments made at the test weJ.l
site during its 147 day production life. Nevertheless, it is
important to draw as much information as possible from this test. no
matter how preliminary, since the potelitial benefits from no-proppant
[yp~ stimulation treatments could be significant to future degasification
of minable coa1beds.
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FIGURE 61. - DAILV PRODUCnON FROM TWS, MARY
LEE COALBED, JEFFERSON COUNTY, ALABAMA.
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Stabilized daily water flow rates from TW5 started at about
7 bpd and ended at 4 bpd. Past experience indicates that initially
low rates and the gradual decrease in water flow over time are
typical of boreholes placed close to mining (26). The few occasions
when water flows showed sharp increases at TW5 car. be attributed to
pump changes or slight alterations of the method used to measure water
at the &urface.

The production of gas ftom TWS (Figure 61) was complicated by
two outside variables. The first is the fact that a back-p~essure

of approximately 15 to 20 psig was left on the well until the end of
April, 1979, and then afterwards completely released. This ~xplalns

the broad double-cycled appearance of TW5's gas flow curve. The most
significant characteristic to note about both "cycles" is that gas
flows declined each time, and at roughl~ the same rate.

The second complicating variable which may have affected ~'5's

gas production performance is the mine's advance toward tbis well.
At the beginning of March, the mine was 1,100 feet away. From that
ttme on, mining closed the gap between itself and the test w~ll al 8

rate of about 280 feet per month. It may be theorized, therefore,
that the approac~ing mine continually shortened the test wells drainage
radius, thereby causing the decline in production measured at TW~.

Mine operations intercepted TW5's wellbore on July 13 and the
physical results of this well's st~ulation procedures were examined
underground periodically until aining had progre.sed 350 feet beyond
the test site. Fluorescent material i~cluded in the stimulation de<ign
at n15 was iden~ifled by U.S. Steel research personnel using an
ultraviolet lamp and thl" :.,:)cations where this material was found were
recorded. The resu ,s or this w~Tk show that injected fluids penetrated
the coalbed and/or roof rock horizontally through distinct bedding
planes, and vertically through natur~l fractur~s. A map view of the
horizontal component of penetration shows the form of an ellipse;
the long axis extending approximately 360 feet and rou~hly coincident
with the coalbed's primary natural fracture (face cleat) dlrectioni the
short axis extending approximately 180 feet and roughly coincident with
the coalbed's secondary natural fracture (butt cleat) direction (Figure
62). The vertically··oriented component of fluid penetration, as shown
on Figure 62, extended outside the ellipse for distances up to 130
feet.

Fluorescent stimulation material was generally limited to the
coalbed (espe~ially upper three feet) nnd the first foot of ove=lying
shale/coal ~ock. Exceptions to this were: one vertically oriented
fracture in the mine's shale roof rock extending upward to the upper
coal bench (5.5 feet) and outward 8 to 10 feet from the wellbore
(Figure 63); and ~ne vertically oriented fracture in shale roof r.ock
located near the southwest extremity of fluid penetration.
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LOCATION OF 1~5 WELLBORE AND THE AERIAL CONFIGURATION OF FLUORESCENT
MATERIA. CONTAINED IN THE STIllliLATION TREATMENT FLUID

Scale: 1 inch to 100 feet
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FIGURE 63. - SKETCH OF TWS WELLBORE SHOWING
POSITION AND ORIENTATION OF INDUCED

FRACTURES AS INDICATED BY THE PRESENCE OF
FLUORESCENT MATERIAL CONTAINED IN THE STIMULATION

TREATMENT FI.UID.
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"Openings" that were observed to contain fluorescent material
were all hairline in width. TIlt: maj ority of vertically-oriented
penetrations ware containeci in coal cleat openings within narrow bands
extending N 61 E and N 29° W from the wellbore's location. The majority
of horizontal penetrations were contained within overlying sha1e/coal/sha
interfacial areas. Bonding between these different rock types was
generally weak to nonexistent as indicated by highly polished and
striated coal and/or shale surfaces at these interface positions
(Figure 64).

There are few conclusions that can be drawn regarding the
effectiveness of no-proppant stimulation based on this one experiment,
especially since the production hist~ry is short and the variables
that could have controlled drainage ratios are complex. Nevertheless,
the average daily rate of gas removal was 44,000 cfd and this migbt be
considered accertable if production were stabilized. This, and the
fact that this type of stimulation had very little physical effect on
mine roof rock, justifies repeating the experiment under more
controlled conditions.

- 144 -



~ HIGHLY POLISHED
~ INTERFACES

~

r'; ,

, .
~

.'

FIGURE 64. - SKETCH SHOWING POSITION AND
ORIENTATION OF INDUCED FRACTURES FROM

TWS (HORIZONTAL PENETRATIONS)

=- ----SHALE ROOF:-=- INDUCED FRACTURES----------Z- - - - - '/
COAL c::::=. SHALE - - - --

STRINGERS SHALE - - - - --
COAL (BLOCKY)

COAL (Bl.OCKY) ::=====- DlsnNCT
IhiTERFACE

COAL (FIRABLE/SHEARED)

~ ~ nmnmn}! ffjnHm1rn1
FIRE CLAY

..
i ","'

(_ I



PRODUCTION PROBLEMS RELATED TO COALBED STIMLLATION

Stimulation designs for all g~l trea~w~nrs provide for some type
of "breaker" ingredient which reduced fluid viscosity within a time
after treatment, depending primarily on the temperature of the coalbed
treated. Stable gel, or visc~us gel residue, however, is often observe~

at well sites several months after stimulation. This gel material is
included with water drained from the coa1bed and is present as thick
layers of a slippery jellylike substance adhering to the inside of
pipes and other surfaces exposed to well water effluent or globular masses
of gel material which often contain sand proppant.

The presence of unbroken gel within induC"ed coalbed fractures
must greatly retard fluid flow to the wellbore. Indeed, gas and water
production has been unusually low where gel has been found. One exam~le

of this was reported by Elder and It"ani in 1977 (15) after a well was
treated through perforations using 30,000 gal10ns·~f extremely vis~ous
gel which resulted in no significant increase in production. EldeL and
Irani hypothesize that because the treatment was done in very cold
weather with cold water and in a low-pressure formation (Kittanning
coalbed, 293 psig formation pressure), gel that ,,"'as squeezed into samll
coal pores did not breakdown, and pressure was too low to move the gel
or gel residue from the 10w-IErmeablc paths. Results of another gel
treatment were r~ported by La·r."~rt and Trevits in 1978 (23). As in the
preceeding test, this well Wf, : ,;titnula ted using a very viscous gel,
and flowed relatively Iowa. c nts of water and gas. Stable gel was
routinely observed coming Ol: the well's waterlines even though the
stimulation included an enzyme-type breaker to reduce the gel viscosity
to that of water within a few days. After the test well was intercepted
by mining, a detailed examlnatio'1 of the stimulated area was conducted.
Contrary to the Elder and Irani report, gel could not be found pres~llt

within the coalbed away from the wellbore. Stable gel was found, however,
to be li.mited to an .. rea .srou':Id, and very close to the test well's casing
which had been slotteL for production. It was concluded that only
the gel near the wel1bore did not breakd0wn sufficiently and that this
prubab1y was due to relatively low wellbore temperature~ or adverse
chemical rea~tion with .:asing ma.terials.

These ard other such field studies (Q) indicate that gel or gel
r~sidue may significantly restrict fluid flo~ into coalbed gas drain~ge

wells especially where production is limited to perforDtions or S.lOtS
in the casing.
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Sand

Rt!cent field '...ork sho,tls tha t sand used to prop open fractures or
minimize fluid leak-off during stimulation is carried back to the
wellbvre (23) (~_). Down-hole pumps expose~ to this material are almost
ah.ays damaged, resulting in mechanical failures or losses in pumpIng
efficiency, depending on the ;.;izc_ and amount 0" sand present. Sud~

sand related dewatering problems c.an be l:hronic during early prcduction
phases, increase well repair costs, and decrease gas production.

Sever~l factols are th0ught to control the influ~ of lreatment sand
carried back to degasification wellbores. One of the primary reasons
sand returns to wellbores over prolonged time periods (years) must be
because compressional forces acting in the coalbed to close induced
fractures are small. With the proppant held only loosely with
fractures, the amount of sand that returns then becomes closely
dependent on another factor: the ability of fluids to carry sand to
wellbores. The ability for fluids to carry sand into wells is enhanced
by gravity when the top of the sand-filled induced fracture is much
higher than the upper most horizon exposed to the wellbore, 13/ it

factor to consider sin.:e previous resea-.:ch concludes that induced
fractures can enter strata overlying coalbeds (~~).

Conditions most favorable for wellbore sand influy. exist during
the early phases of well production and may last 8everal months
depending on the characteristics of the induced fracture a~d on the
original pressure of the coalbed. During these periods, coalbed reservoir
pressures are greatest and the resulting high fluid velocities to
the wellbore are most capable of car>:ying sand and closure pressures
are minimal ~/. Also, the availability of sand to the wellbore is
greatest shortly after stimulation and especi~lly if the sar.d-fille~

frac~ures are much higher than the uppermost horizon exposed to the wellbore.

13/ The uppermost horizon exposed to the wellbore is defined by the
bottom of casing in an "open hole" type compJetion, or by the
top uf the perforated or slotted zona at wells that are cased through
the coalbeds being drained.

14/ ClosurE. pres:,clres can be quantified by subtracting reservoir
pressure from bottom hole treating pressure (18). Vor any
specific locatioll, ~herefore, it is reasonable-to conclune that when
reservoir pressure is greatest. closure pressLre is minimal since
bott(lm hole treating pressure does not chauge. The converse of
this is that clvs~re pressure is greatest at ~ time whEn reservoir
pressures become minimai.
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Research efforts are now focuoing specifically on developih~ lIew
or testing existing equipment for dewatering coalbed gas drainage
wells. In addition to having the ca;Jabilit.\ to maintain a "dry"
hole, this eqUipment ID'lSt be ahle to handle band which returns to the
wellbores. Other efforts are being nade to alter stimulation designs
in hopes of l"ssening the s':',:1'1 problem. Generally, such al terations
include: minimization 0= prop sand voluml'S and complete deletion of the
very fine sand used as i luid 10[;'; agent. s~nce this fine sand is most
easily carried back to the wellbure; chan8ing injection rates during
treatments and t('stillg "uverflush" techniques in order to minimize s3nd
buildup near wellbores; ~aximizing the size of the proppanr to make it
easier tG scr~en from the pUNp.

Sand damage to the standard sucker-rod type pump can be held to a
minimum by positioning the pump above the coalbed. This establishes a
larger sump into which sand may accumulate and provides a section of
wellbore where sand can settle out before reaching th~ pump. This
technique has proven to bE' ",ffective in areas where saud proLIEms are
severe even though pumping efficiency is lost due to the incrcEsed
exposure to gas tra'leling up the well. !J~en employing this technique,
it i~ recommended that pumps be positioned at a point in the well where
the hydrRulic pressur'- "vee tile coalbed b from 10 to 25:( of the
hydrostatic pressure. Experience has shown that high daily gas flows from
coalbeds may be achieved even if there is several hundred feet of water
overlying the coalbed (27). This is supported by laboratory isotherm
data which shows, in mo-;t cases, that largt." percentages of coalbed
gas is rpl~ased with 75 to 90% pressure reductinns (see Figure 2).
The pumps can later be lowered after gas flows stabilize or decline to
unacceptable levels.

T~e term "unloading" rlofel s to occasions when much or all of the
water contained in a well and the well's induced fracture system is
ra~lJly, and usually uncontrollably, carried to thl surface by large
volumes of expanding coalbed gas. Such episodes car. last [rum
minutes to days, depending on the conductivity of thl) rcsldting induced
fractures and the coalbed pressure condition. Gas and water velocities
are very high dur.ng unloading and thus these fluids become exceptionally
effective carriers of solid debris cau~ing almost instant ~ech~nical

br~akdown of downhole pumps, dislocation of sucker-cod '3Lrings from
surface pump jacks, and severe damage Lo monitoring equipment.

UnloaJiIlg occurs when coalbed gas pressures become greater than
the hydraulic pressures holding gelS in the coal. 7his phenomemon is
initiated simply by pumping water from a well. As the borehole water level
is lowered, a dic.'equilibrium condition is created where g3S pressure in
the coalbed exceeds the hydraulic pressure holding gas in the coal.
Unloading th~n continues until water pressure ov~rcomcs coalbed gas
pressures.
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The length and conductivity of induced coalhed fractures are
thought to be major factors controlling the severity and time length of
unloading episou.::s, In order for a well to unload, pressure
differentials, created by borehole water draw-down, must be realized
in a sufficiently large area of a coalbed over a very short period
of time. ShOtt, nonconductive induced fractures affect only small
portions of the coalbed and, therefore, unloadin~ episodes al-e short
li.ved and not ':~ry intense. At the other extreme, long, highly conductive
~ractures connec:u~·i to the w~llt(lre allow decreases in hydraulic pressure
over a greater area of coal very ~Jon after bore~ole water is removed.
Thus, unloadiag e?isodes from the most "successfully" stimulated are
also the most vLolent ~nd l~ng lasting.

The height of the induced fracture in r~lation to the uppermost
horizon exposed co the wellbore might also be an important factor to
consider in well unloading. As watp-r drains into the wellbore, pressure
is reduced and gas is released from the coal. Instead of migrating to
the wellbore, however, enough free gas mi~ht accumulate in upper fractured
horizons to retard coalbed water flow. Unloading could then trigger
as the borehole water level is lowered because pumping maintains a
constan~ r-ate.

The coalbed p~essure condition anrl th~ length of ~irne wells have
produced also effect unloaciing. At new wells where coalbed pressures
are high, the potential for unloading is grea~est. but is lessened as
coalbed pressure l~ lowered.
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EFFECTS OF HYDRAULIC STUIULATION ON COALBEDS
AND ASSOCIATED STRATA

Since 1970. Government and industry research have mutually designed
al~d conducted 71 nydr~ulic stimulation treatments in coal. The results
of 12 of t~ese treatments have been observed directly after mining
operatioL;s ?roceeded through or very n~ar the underground borehole
locations.

Inform4 tion documenting the underground results of cualbed
stimulation first became available in 1977 (16). In this rep0rt. Elder
desr.ribed his findings at twe borehole sites-where gu.Jt' gum gel had been
us£,d to t ..-eat the Illinois No. 6 coalbed (Well No.5. Table 3) and
thE' Pitts'Jurgh coalbed (Well No. 10. Table 3). The fractures propagated
from both sites were vertical. and were contained completely wittin the
respective coalbeds. The widths of these fractures varied according
to the relative viscosity of the fluids used at each borehole. The less
viscous fluid produced fractures ranging from 1/8 to 1/2 inches wide
while the more viscous fluid formed fractures up to 2-1/2 inches in
width. Elder concluded that there was no adverse effect on the stability
of the overlying or un~erlying rock strata. or on mining operations.
Periodic observations over more than two years showed ~hat no deterioration
of mine roof or floor had taken place where the sand-filled fractures
were earlier exposed.

The next two stimulated boreholes uncovered by m~n~ng were located
in the ~.ary Lee coalbed at U.S. Steel's Oak Grove, l-Une, Jefferson County,
AL, only a few hundred feet apart in the same mine (Well Nos. 19 and 33.
Table 3). These two gel-treated wells were documented in 1978 by
lambert and Trevits (Q). Ev.:!n though approximately 5.000 pounds of
sand were included during stimulation of one of the wells. designated
TWl, actual sand-filleu fraccures could not be observed underground.
There was sufficient evidence, however. to indicate partings in the
coal and mine roof rock were open dUl.ing drilling, cementing, and
':he early stages of stimulntion (during injection of the paci volume).
The othAr well examined. deslgnated TW2, was found to have sand-filled
fractures leadiug from the wellbore. Unlike those fractures described
by Elder (lj). TW2 fractures were oriented vertically, horizontally,
and inclineo. All the fractures observed, however. were found to have
remained within the coalbed unit even though the injection pressures
during stimulation were very much in excess to what had been anticipated.
No adverse affects to mining were observed or reported as a result
of either of these two treatments.

Two additional boreholes, designated TW3 and TW4, were later
~tirnulated at the same mine in the ~~ry Lee coalbed. the results of
whi.ch were detailed in 1979 (26). This time, the type of stimulation
treatment applied to the c0albed was foam. These two borehole tests
yieldeJ very different results which showed that stimulated fractures
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are not always limited to the coalbed. Sand·-fil1ed fractures 15/
propagated from these two boreholes (Well Nos. 36 and 47, Tab1e-3)
were vertical, very thin, and began about three feet up from the base
of the five foot thick coalbed and continued for an undetermined
distance into the overlying roof strata. Mir.e management, being somewhat
concern~d about the presence of sand-filled roof fractures, formally
assessed the effects on the mine roof. The mine management's evaluation
was as follows:

"Because the roof of the mine in the general vicinity
of TW4 was of a quality which required installation of
more roof support than used in many other portions of
the mine, it ~as difficult to assess the effect of the
fracture on the mine roof at this 1ccation. However,
no fut'ther increment of c;upp1emental To,:)f support was
required at the base of ~he borehole or along the
fracture wing!>.

The roof in the general area of TW3 was of a quality
typical of most of the mine developed to datej however,
in the immediate area of the bottom of n~3 in which
both the upper Cind lower coal seaUls had been fractured,
it was necessary to install supplementary roof support.
This supplemental roof support was required when mine
management observed roof movement along the west rib
of the entry driven due north of the bottom of the
borehole, additional draw rock separation, roof
becoming excessively drummy, and water seeping out
of cracks in the roof. The supplemental roof
support consiste(~ of boxing the intersection
immediately to the south of the borehole with
six inch H-beams, installing four inch H-beams supported
by timbers for distan:es of 70 feet to the east
and 40 feet to the north of the borehole, and installing
10 foot long expansion-steel anchored roof bolts
between the standard four foot lo~g resin bo1,s to
ensure that the bolts anchored in the solid rock above the
upper coal seam.

Installation of the supplementary supports required
additional time as we1~ as close inspection by mine
management to ensure its adequacy; however, it wa~

possible to mine through this area without
experiencing any roof fall during mining operation:;".

15/ Underground invest :I.gations indicated "fractures" denoting rock
breakage, do not normally occur as a result of stimulation.
The physical evidence indicates that preexisting fracturel;
(rock joint. or coa1bed cleats) or bedding planes are widEmed
during stimulation. The extent of w~i.ch these fractures ure widened
depends primarily on the viscosity of the fluid used duriI1.g
stimulation. Heavily gelled fluids have be~n observed to widen
fractures as much as four inch~s within the coalbed.
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Areas of the mine where these features, called "rolls". were obse"rved
are shown on Figure 46. Because inherent rock weaknesses develop near
such features, these areas generally require some degree of additional
roof support. The "n~cessity for more roof support near TW4 than used
in many other portions of the mine, as reported by mine management, may
be attributed to this geologic phenomenon rather than stimuation of
the test well. The fact that additional roof support was not required
at the base ot ~14 nor was it reqUired along the fracture wings, indicates
borehole stim~lation was not the cause for providing additional roof
support.

The entry nearest TW3 is also shown on Figure 46 to he a location
of natural roof disturbances. Geologists also noted t~e presence of
many wet roof joints in this area. Except for the single sand-filled
crack leading from TW3 (Figurp. 46), no evidence could be found to
indicate that these wet roof joints had been created by stim~lation.

lmusually large amounts of seepage from roof openings near r~3 cuuld,
however, be due t~ ~he borehole's presence, since it is an accumulation
point for water within a coal unit only seven feet above the open
er.try.

Infc~mation regarding the effects of borehole stimulation on r.lining
has also come from the Emerald Mine, in the Pittsburgh coa1bed, Gn!en
Cnunty, PA. A total of eight boreholes were completed and sand-filled
fractures leading from five of these have thus far been identified i~

the mine. Vertical fractures were observed at three of the boreholes
(Well Nos. 21. 27. and 28. Table 3), ranging in width from 1/8 to 2-1/2
inches. Only one of these vertical fractures extended into the roof
rock, and that was for a distance upward of less than two feet.
Horizontal fractures approximately 1/8 to 1/4 inches thick, extended
from three of the boreholes (Well Nos. 21, 27, 30 and 40, :'ab1e 3).
Horizontal fractures were found either at the extreme top of the main
coal bench or were found present between shale/rider coal units a few
feet above the main bench (see Figures 39. 4Q, and 59).

The most recent results of hydraulic stimulation's effects on mine
roof come from work being cond~ctFd in the Mary Lee Coalbed at the Oak
G!'ove Mine, Jefferson County, AL .!§./. Here, induced vertical and
horizontal partings resulted from the no-proppant stimulation of borehole
TWS (Well No. 62, Table 3), ~xamined underground on July 11 and 12. 1979.
These partings we.r8 gener8i.1y so thin that they could not have been
located without the help Jf f1uorE~scent blue paint "marker" (included
in the st:Lmulation fluid~ and an ultraviolet light.

16/ nOE Contract No. ET-75-20-9027, entitled, "Demonstration of
DegoBification of a Portion of the Mary Lee Coalbed"
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One vertical fracture from TW5 extended into the mine's roof along
a direction parallel to the coal face cleat and r.ould be traced
approximately five feet away from the wellbore's location. All the
other vertically oriented fractures mapped as far as 320 feet from
the wellbore, were contained completely in the upper two thirds of
the coalbed.

As discussed in a previo~s section of this report (No-P~oppant

Treatment), stimulation fluid from TW5 was found to have spread
horizontally within an interfaci~l area between the coal~ed and an overlying
shale rock unit. Within the test area, the coelbed's surface at this
interface was highly polished and striated (slickenside surfaces),
indicating that the coalbed and shale had not been tightly joined
together prior to st~ulation. It is concluded, therefore, that the
horizontal penetration of fluid did not ch.lnge the original "weak"
characte~ or strength of the bond between the coalbed and the overlying
roof rock. Even though there was no visible damage or excess water
or gas drainabe, precautionary supplemental roof RUpport (steel
H-beams) was installed for small distances away from the TWS borehole
site.

The development of horizontal fractures above the interval being
mined is, perhaps, potentially the worst possible roof condition that
can be directly attributable to stimulation. Even so, to date, there
has been no observed or reported effects on actual roof stability which
would indicate that any of the stimulation treatm~nts performed as part
of the Government's degasification program ~dverDely affected mining
operations. However, the comparatively small amount of information
presently available, and the significantly different character of the
results, suggests that several additional tests are required before
the effects of hydraulic stimulation can be fully apprpciated.
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THE EFFECTS OF REMOVING COALBED FLUIDS BEFORE MINING

A previous section of this report. entitled. "Effective Well
Placement". described how vperating drainage yells actually create
conditions in coalbeds which allow gas to be released and to migrate
to wellbores. These conditfons are created by removing water to
decrease coalbad pressure and lower water saturation. It is known from
laboratory work of coal isotherms (Figures I and 2). that increasingly
larger amounts of gas are de30rbed (released) from the coal as pressure
is reduced. Once released. the gas then can travel to boreholes via
the natural and/or induced fractures in the coalbed. As wells remove
water from these same fractures. the ability for gas to flow through
ct'albeds :I.s increased <.~). In summary. producing boreholes creates
favorable conditions for gas release and migration within the area
of the coalbed affected by borehole drainage.

If mining intersects an area of a coalbed which has been partially
depressurized and desaturated by an operat~ng borehole, the borehole's
drainage area then becomes an extension of the mine's drainage area.
The mine's ventilation system would then be required to contend with an
add1t"10nal amount of gas originating from a larger area where conditions
are unusually favorable for gas release and migration. This potential
problem can be avoided in two ways.

The first way is to allow degasification uells production to
sufficiencly deplete before mining interception takes place. In
practice, this means that mine operators should not drive entries which
intersect borehole dtainage radii until gas production rates declin~

to very low levels, indicating the area is actually "degassed".
Estimating the areal configuration of a borehole's drainage area would
be very difficult, howev~r, since it would require a rel~able knowledge
of the induced fracture geometry and an accurate quantitative method
of prediccing dynamic changes in coalhed reservoir conditions.
Unfortunately, present degasificetion technology is just now concluding
"demonstrate the feasibility" phases of development:. and thus offers
few reliable methods of predicting such pertinent reservoir events.
Another drawback is that coalbed degasification wells may require five
or ten ye~s before sufficient depletion takes place. The capability
for "short-termed" degasification could, therefore, b(' lost completely.

The problem of mining through boreholes' drai.nage areas can also
be avoided in a ~I/ay that is much more practice~l than waiting for gas
depletion to occur. This method is based on the same principles which
create favorable gas production conditions in coalbeds; that is,
general pressure and wa~ter saturation decreases. Fortunately, these
sam::! conditions which E\nhance gas release and migration are also ideal
for coalbed water resaturation or infusion (l~).
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FIGURE 65. - VIEW OF MINE SHOWING TEST WELL
LOCATIONS AND MINE ENTRIES STUDIED FOR

GAS EMISSIONS.
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FIGURE 66. • GRAPH OF CUMULAnvE METHANE
EMMISSIONS VERSUS LENGTH OF VIRGIN RIB EXPOSED.
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Infusion of the coalb·d (puttUlg water back into the coalbed)
raises the coalbed' s formation pres:~\\re in the area and prf":crli;s further
desorption of gas. In addition, infusion physically prohibits the
movement of any free gas that 1s av.ailable by filling the coalbed , B

fracture system(s) with water.

In practice, there are two WQy8 water "infusion" can be incorporated
into the vertical degasification te,::hnique. 'I11e first way is to flow
water back into the borehole. The :second way 1 to simply turn-off the
borehole's water pump several weeks before mine interception, thereby
allowing the coalbed to "floIJd" itsl~1f naturally.

There are two reported ins ~ ~es where degasification boreholes
were water "infused" before t.hf.:y were intercepted by active mining (26).
These t\o70 boreholes were lOI:at'ad within the same set of mine entries
and we:;e spaced appror-ilbatel.y 510 feec apart (see Figure 41). The
boreholes together drained ~bout 25 million cubic feet of gas within a total
time period of 11 monthY (Fig~re9 42 and 43). After the production
phase, large volumes of wat~r were pumped back into one of the wells;
the other well was allowed to flood it"e:tf nat·..rally. In order to
evaluate the effectiveness of these de6 usification boreholes, min~ gas
emissions were measured and recorded while mining the two sets of entries
shown on Figure 65. The east entries were driven 590 feet during a
70 day period encountered a total 61 million cubic feet of gas without
degasification. Mining operations then turnad west and, within 63
days, reached the first degasification bo~ehole (TW3, Figure 65) also
590 feet from the main north entries. The amount of gas measured
while mining to this "short term" drainage borehole was 37 million
cubic feet, 40 percent less than that encountered while mint~g east.
The difference in gas emissions between the east and west set of entries
is graphically illustrated on Figure 66. This study concluded that a
combination of techniques, degasification and water infusion ~ere

responsible for the comparatively low mine gas emissions that resulted
in the area of the two test boreholes.
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COSTS OF V2RTICAL BOREHOLE DEGASIFICATION

The costs orovided in the followin~ section are a result of two
Government/industrv cost-s~Acin2 de2asification oroiects conducted
in two Reo2raohically different areas. Basic completion design for
both projects are essentially th~ same. The project in Alabama,
however, required drilling deeper wells. larger sti~ulation treatments.
and more sophisticated surface monitoring. production and safety equipment.

Pittsburgh Co~lbed. Greene County. PA

A total of eight boreholes were drilled and completed at the site
of the newly developing Emerald Mine near the town of Waynesburg, PA,
during 1976 and 1977. Gove~nment funrling was provided to foam stimulate
seven of these wells (37). Avera~z s~imulation treatment size was
82.800 gallons of foam-and 11.100 pounds of 20 to 40 mesh size sand.
Production equipment costs were low. pr~arily because the wells
were not equipped with meters or flare stacks.

Waynesburg. PA

Site Preparation

Access and site preparation on company property
Power lines, poles and installation

Drillins

6-1/4 inch diameter hole (765 ft. average depth @11.50/ft)

Logging

Gamma ray and neutron log
Three-D velocity log

Casing

4-1/2 inch d1ameter,well casing. yellowband 10.5 and 10.7
pound/ft, 3000 pound test (735 £'0: averag',~ depth @ 2.48/ft)

Formation packer shoe

Cementing

Cement 15 pounds/gallon with sdt addi',:iv~ (175 sacks @ 3.14/sack)
Other (includes placement of casing ll: well)

- 158 -

------ ,-.

8.500.00
1.100.00

8,800.00

700.00
1,600.00

1.825.00
625.00

550.00
495.00



Stimulation

Service rig to drill l'ut packer shoe and clean well
Foam frac (32,800 gallon average volume, 11,100 pounds

20 to 40 mesh sand)
Nitrogen for Frae
Frac Tank ( 2 @150.00 each)
Water Hauling (20,000 gallons @100.00/15,000 ~allon)

Production Equipment

Walking beam pump jack complete includes downhole pump
Sucker rods recor.ditioned 5/8 inch and casing head
Tubing 2-3/8 inch diarleter (appro~imately 765 ft ~ 0.56/ft)
installation of production equipment

6,000.00

4,400.00
2,650.00

300.00
140.00

:':,000.00
400.00
430.00
600.00

Total Cost per Well

Mary Lee Coalbed, Jeffers~n County, .\L

$41,610.00

A total of 17 wells were drilled and completed in 1977 in a grid
pattern near th~ town of Oak Grove, Alabama. Fifteen of these wells
were foam stimulated with roughly the same size treatment (48,000 gallons
foam, 23,000 pounds of 80 to 100 mesh san~, and 42,100 pounds of 20 to 40
mesh size sand). Some of the costs presented are based on average
cost from lulk purchases of equipment as well as services. Understandably,
without bulk purchases, some costs would be considerably higher.
¥~intenance costs, also a considerably expensive item, are not included
in the following report of costs.

Oak Grove Alabama

Site Preparation

Site survey, preparation and roads on company property
Power, lines, poles and installation

Drilling

12 inch diameter hole for surface casing: (approximately
15 ft ~ 26.50/ft)

6-1/4 ~lch diameter holes: (1,100 ft average depth @10.75/ft)
Coring for desorption testing

Vertic:l1 deviation survey and rig time
Gamma ray, density log and rig time
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4~800.0a

3,700.00

400.00
1l,825.r\~

2.700.00

1.850.00
1.980.00



".
Casing

8-5/8 inch d~ameter surface casing: (approximately 15 ft @ 7.90/ft)
4-112 inch ~iameter well casing. 16-55 9.5 pound/ft (1.100 ft @

3.60/ft) floatshoe and centralizers

Cementin.,ii.

Cement. 15 pound/gAllon with salt additive (1.100 ft @ 3.30 ft)
includes installation of casing

Stimulation

Foam Frd(~ (48,000 gallon average volume. 23,000 pound 80 to 100
me;h sand. 42.000 pounds 20 to 40 mesh sand)

Nitrogen for Frac
Frae tank
Rig time and lebor

Production Equipment

Walking beam pump jack and polish rod
Sucker rodr-. reconditioned 5/8 inch (1.100 ft @0.25/ft)
Tubing. used (1.100 ft @ D.8S/ft)
Wellhead
Downhole pump and installation
Gas and water meter. includes installation
Flare stack and assembly
Lightening protection
Miscellaneous well clean-out and st.andby time
Contingencies for mishaps and wea~her

Total Cost per Well
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120.00

3.96C.OO

3,630.00

10,690.00
3,000.00

500.00
1,250.00

2,080.00
275.00
935.00
110.00

1.540.00
1.725.00
1.410.00
1.100.00
3.500.00
6.000.00

$69.080.00
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