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Introduction

Tre men dous re sources of un con ven tional gas ex ist in 
Brit ish Co lum bia, par tic u larly in rocks gen er ally re -
ferred to as gas shales (Bustin, 2008). Even though
com mer cial pro duc tion from shale is cur rently mi -
nor, in dus try in vest ment into un con ven tional gas re -
sources al ready greatly ex ceeds two bil lion dol lars in 
BC through land sale bo nuses alone. How ever, the
rapid growth of the un con ven tional gas in dus try in
gen eral, and in BC in par tic u lar, has not been ac com -
pa nied by in creased un der stand ing of ei ther the geo -
log i cal pro cesses that de ter mine gas-in-place, the
meth ods for quan ti fy ing gas-in-place or the flow
char ac ter is tics of the rocks, the con sid er ation of
which is crit i cal to eco nomic de vel op ment. In Feb ru -
ary 2010, in re sponse to a fund ing ap pli ca tion sub -
mit ted in 2008, Geoscience BC awarded the au thors
a two-year grant to in ves ti gate those fac tors that de -
ter mine the gas-in-place and flow char ac ter is tics of
gas (and oil) pro duc ing shales. The pro posed re -
search pro ject tar gets the De vo nian strata in the Horn 
River Ba sin and Cordova Embayment, Montney and
Doig for ma tions, Gordondale Mem ber (for merly the
in for mal ‘Nordegg Mem ber’), Buckinghorse and
Shaftesbury formations, and Fort St. John Group,
covering a broad area of northeastern BC (Figure 1).

The re search has two in ter re lated com po nents:
· to de velop better meth od ol o gies for de ter min ing

gas-in-place ca pac ity in gas shales and the ma trix
flow char ac ter is tics (per me abil ity and diffusiv -
ity)

·  to quan tify the gas-in-place and flow ca pac i ties
of im por tant gas shales in north east ern BC us ing
es tab lished and novel meth od ol o gies

Results to Date

Dur ing the ini tial six months of the study, re search has fo -
cused on re fin ing meth ods of quan ti fy ing po ros ity and per -
me abil ity of shales, as sem bling a rep re sen ta tive sam ple
suite for anal y ses and ini ti at ing an analysis program.
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Fig ure 1. Ap prox i mate bound aries or lim its of avail able core for the ma jor
po ten tial gas-shale res er voirs in north east ern Brit ish Co lum bia (mod i fied
from Mossop and Shetsen, 1994).
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Quantifying Gas-in-Place and Flow
Characteristics of Gas Shales

The meth od ol o gies cur rently used to char ac ter ize the pore
sys tems, gas-stor age ca pac ity and flow char ac ter is tics of
the shale ma trix are mainly a hy brid mix ture of specialized
meth ods used for coals and con ven tional res er voir rocks,
which have been ap plied to gas shales with lim ited con sid -
er ation of the lat ter’s unique and var ied prop er ties (Amer i -
can Pe tro leum In sti tute, 1998; Bustin et al., 2008). The
tight-rock anal y sis pro grams ap plied to shale by some com -
mer cial lab o ra to ries date from work on Ap pa la chian shale
car ried out by the Gas Re search In sti tute (GRI) in the early
1990s (i.e., Luffel et al., 1993); these pro grams do not take
into con sid er ation the po ten tial prob lems caused by the
unique pore-struc ture char ac ter is tics of gas shales, such as
mo lec u lar siev ing or er rors in anal y sis due to gas sorp tion
dur ing po ros ity, per me abil ity and diffusivity mea sure -
ments. Ad di tion ally, the GRI meth ods for per me abil ity
anal y sis (Luffel et al., 1993) and po ros ity de ter mi na tion are 
car ried out un der un con fined and low hy dro static pres -
sures; hence, they as sume that no pore com press ibil ity ex -
ists and it is like wise as sumed that skel e tal and grain den -
sity are equal. The un crit i cal ap pli ca tion of these
meth od ol o gies to gas shales has re sulted in un cer tainty as
to the amount of orig i nal gas-in-place and flow prop er ties
of the rocks; this in turn cas cades into poorly for mu lated
nu mer i cal sim u la tions and development programs that are
inadequately optimized, require ongoing revisions, and
which therefore have a major impact on project economics.

As part of this study, the au thors have con tin ued to de velop
in stru men ta tion, the ory and pro to cols to rou tinely mea sure
ef fec tive gas po ros ity and per me abil ity of core plugs un der
es ti mated in situ stress con di tions likely ex pe ri enced by a
res er voir dur ing its pro duc tion life. Test ing of core or core
plugs un der in situ res er voir con di tions can sig nif i cantly re -
duce un cer tain ties or er rors in tro duced by sam ple crush ing
and zero con fin ing stress. Si mul ta neous mea sure ment of
po ros ity and per me abil ity on the same sam ple is also ben e -
fi cial as it re sults in a re duc tion in test ing time and re quire -
ments for good-qual ity core sam ples, which are usu ally
unavail able; it also pro vides in trin si cally con sis tent cor re l a -
tion of po ros ity and per me abil ity.

The in stru ment de sign de vel oped is based on Boyle’s law
and a con cep tual sche matic is shown in Fig ure 2. A triaxial
cell with an in ter nal ure thane rub ber, form ing a pres sur iza -
tion cham ber, is used to hold the cy lin dri cal core plugs. Ra -
dial or con fin ing stress (Sr) is ap plied through the hy drau lic
pres sur iza tion cham ber in side the cell by a pump and ax ial
stress (Sa) is im posed on both ends of the sam ple through
pis tons with a load frame. Ei ther bi axial (Sr ? Sa) or hy dro -
static stress (Sr = Sa) may be ap plied to sam ples be ing
tested. One pis ton has a port con nected so that it en ables gas 
to flow from the ex ter nal gas cyl in der to the sam ple. The in -

ter nal open space of the tubes be tween valve 1 and the sam -
ple end, con sist ing of the sam ple cell void vol ume (Vs) and
the ref er ence cell void vol ume (Vr), is de fined among
valves 1, 2 and 3. A high-pre ci sion pres sure trans ducer is
con nected to the sys tem for mea sur ing gas pres sure and
am bi ent tem per a ture. The small cell vol umes (ap prox i -
mately 5 cm3 in to tal) al low ac cu rate capture of small
pressure changes due to gas flow into or out of the sample.

Test pro ce dures of a typ i cal po ros ity and per me abil ity run
con sist of:
1) pre cise grind ing in a mill ing ma chine of the ends of an

ori en tated core plug cut from rep re sen ta tive core;
2) mount ing of the sam ple in the con fine ment cell and ap -

pli ca tion of de sired con fin ing (Sr) and ax ial stress (Sa);
3) flush ing of the sam ple with ex per i men tal gas;
4) ob tain ment of ini tial equi lib rium pres sure in the sam ple

cell (Ps) with valve 1 closed;
5) es tab lish ment of a higher or lower ref er ence cell pres -

sure (Pr) rel a tive to Ps; and
6) open ing of valve 1 for gas dos ing be tween the sam ple

and ref er ence cells and mon i tor ing of pres sure vari a tion
with time of the mixed sys tem un til fi nal equi lib rium
pres sure (Pm) is obtained.

A typ i cal data set of a test is shown in Fig ure 3. De tailed dis -
cus sion of the an a lyt i cal meth od ol ogy may be found in Cui
et al. (2010).

Porosity Determination

Sam ple pore vol ume (Vp) un der the spec i fied Sr and Sa is
cal cu lated as:

Vp = [(Vs + Vr)rm - (Vsrs + Vrrr)]/(rs - rm)

where r is real gas den sity and its sub scripts s, r and m rep -
re sent the ini tial sam ple and ref er ence cells gas den si ties,
and the fi nal equi lib rium den sity, re spec tively, at pres sures
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Fig ure 2. Connectional di a gram of in stru ment de signed to mea -
sure ef fec tive gas po ros ity of core plugs from study area in north -
east ern Brit ish Co lum bia. Ab bre vi a tions: pres sure trans ducer, P;
ax ial stress, Sa; ref er ence cell void vol ume, Vr; sam ple cell void vol -
ume, Vs.



Ps, Pr and Pm and cor re spond ing tem per a tures. Then the po -
ros ity is de ter mined as:

f = Vp/Vb

where Vb is the sam ple bulk vol ume un der the ap plied stress 
con di tion.

Permeability Determination

Ef fec tive gas per me abil ity k (mD) un der the ap plied stress
is given as:

k = 0.10327·S·f·c·µ/b2

where c and µ are gas com press ibil ity (1/MPa) and vis cos -
ity (MPa·s) val ues, re spec tively, and b is the first root of the
tran scen den tal equation:

b·cot(b·l) = -h

where l is the length of the sam ple (cm), h is given by:

h = A·f/(Vr+Vs)

and A is the sam ple cross-sec tional area. As shown in Fig -
ures 2 and 3 (left), S (1/sec ond) is the slope of the straight-
line part of the semi-log plot of the dimensionless den sity

(rD) ver sus time t, af ter gas mix ing, and rD is cal cu lated as:

rD = [(r-rs) (1+h·l)-(re-rs)]/[(1+h·l)·(re-rs)]

where

re = (rsVs+rrVr)/(Vs+Vr)

Test ing of the in stru men ta tion and anal y sis pro to cols are
on go ing.

Reservoir Characteristics of Northeastern
BC Shales

Doig and Montney Formations

Dur ing the ini tial stage of this study, the res er voir char ac -
ter is tics of the Doig and Montney for ma tions were tar geted
due to in dus try in ter est, ready avail abil ity of sam ples (core) 
and com plex ity of the res er voir fa cies, which pro vides an
op por tu nity to study the im pact of res er voir li thol ogy and
fab ric on gas-storage me chan ics and flow prop er ties. The
spe cific objectives of the study are to

· un der stand the in flu ence sedimentology has on the to -
tal-or ganic-car bon–con tent dis tri bu tion, min er al ogy,
po ros ity and the pore-size distribution;

· un der stand the in flu ence of min er al ogy on the po ros ity
and the pore-size dis tri bu tion; and

· iden tify the con trols on the ma trix per me abil ity.

The Tri as sic Doig and Montney for ma tions in the Fort St.
John graben and Groundbirch field of north east ern BC are

be ing stud ied in a se ries of wells (Fig ure 4). A sche matic
strati graphic cross-sec tion show ing the gen eral stra tig ra -
phy and fa cies changes is pre sented in Fig ure 5; Fig ure 6
shows the de tailed stratigraphy.

Pre lim i nary re sults for well 16-2-78-22 (Fig ure 6) are sum -
ma rized be low.

Mineralogy

Quartz con tent in well 16-2-78-22 av er ages 23% and
ranges be tween 10 and 38%. Quartz con tent shows no sig -
nif i cant downhole trends, but does show abrupt vari a tions
be tween 15–25%. There is a sub tle de crease in quartz con -
tent from the top of the Montney For ma tion into the lower
and mid dle mem bers of the Doig phos phate zone (Fig ure
6). The car bon ate con tent var ies be tween 5 and 47%, with
an av er age con tent of 20%; it also shows an in creas ing
trend to wards the top of the phos phate zone and sev eral
large peaks at 3118 m and 3075 m within the F mem ber of
the Montney For ma tion. Feld spar con tent shows a sub tle
de creas ing trend to wards the top of the Doig phos phate
zone, sim i lar to the quartz con tent and con trary to the car -
bon ate con tent. Do lo mite con tent peaks where quartz and
feld spar con tent de creases. The highly ra dio ac tive phos -
phate zone ap pears to have lower quartz and feld spar and
higher car bon ate and do lo mite con tents com pared to the
Montney For ma tion. Illite con tent re mains low through out
the pro file. The av er age ap a tite con tent is 2.9% and var ies
be tween zero and 17%. Ap a tite con tent is the great est
within this well, com pared to the other wells, and peaks just
be low the phos phate zone. Feld spar con tent av er ages 26%
and ranges between 15 and 42%.The average pyrite content 
is 1.6% and varies between 0.1 and 3.5%.

Porosity

To tal po ros ity to he lium (He), based on mea sure ment of
bulk den sity by mer cury (Hg) im mer sion and skel e tal den -
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Fig ure 3. Typ i cal pres sure and tem per a ture data of po ros ity and
per me abil ity anal y ses car ried out on core from the study area in
north east ern Brit ish Co lum bia (af ter Cui et al., 2010). Ab bre vi a -
tions: ini tial equi lib rium pres sure in sam ple cell, Ps; ref er ence cell
pres sure, Pr; fi nal equi lib rium pres sure, Pm.



sity us ing a Boyle’s Law ap pa ra tus and Hg porosimetry, are
sum ma rized for well 16-2-78-22 in Fig ure 7. Av er age pyc -
nometry de rived po ros ity for well 16-2-78-22 is 5.5%, with
po ros ity rang ing be tween 3 and 8.5%. Av er age poros im -
etry-de rived po ros ity is 4.4% and ranges be tween 3 and
5.8%. Above av er age porosimetry-de rived po ros ity is
more com mon within the Montney For ma tion than in the
lower and mid dle mem bers of the Doig phos phate zone,
while the pycnometry-de rived po ros ity val ues al ter nate
above and be low av er age through out both the Doig and
Montney for ma tions. The sep a ra tion be tween the
porosimetry- and pycnometry-de rived po ros ity, par tic u -
larly in the up per Montney (F mem ber) and the Doig phos -
phate zone, may be an in di ca tion that there is an in crease in

the fine meso- and microporosity (0.26 to 3 nm) within the
shale.

A pos i tive trend ex ists be tween porosimetry-de rived po ros -
ity and quartz con tent (r = 0.61; Fig ure 8), whereas a neg a -
tive re la tion ship ex ists be tween the car bon ate con tent and
porosimetry-de rived po ros ity (r = -0.61). No other min er als 
show a cor re la tion or re la tion ship with pycnometry- or por -
osimetry-de rived porosity.

Future Work

This re search pro ject is in its early stages: in stru men ta tion
de vel op ment and test ing are in prog ress and sam ple col lec -
tion and anal y sis are on go ing. Stud ies to date have fo cused
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Fig ure 4. In dex map show ing the lo ca tion of the Doig and Montney for ma tions, and the lo -
ca tion of cross-sec tion A–A` in north east ern Brit ish Co lum bia (Fig ure 5). Red squares
rep re sent wells that are sam pled for this pro ject and green tri an gles, the lo ca tions of cit ies 
and towns. The struc tural el e ments for the area are mod i fied from Berger et al. (2008),
with both the darker and lighter grey ar eas rep re sent ing the Fort St. John and
Groundbirch graben sys tem. Black cir cles rep re sent the lo ca tions of wells used in this
study to date.
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Fig ure 5: Cross-sec tion A–A` show ing the stra tal ge om e tries of the Tri as sic sed i ments sam pled from wells lo cated along the depositional dip in the study area, in north east ern Brit ish Co lum -
bia. Geo phys i cal logs in clude gamma ray (red curve), bulk den sity (black curve), sonic den sity (blue curve) and gas con tent (ma genta curve).
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Fig ure 6. Min er al og i cal and gamma ray (left) pro files for well 16-2-78-22 in north east ern Brit ish Co lum bia, with sam ples cov er ing only the
Montney For ma tion and lower mem ber of the Doig phos phate zone. Black ar rows in di cate sam pling lo ca tions.

Fig ure 7. Gamma-ray curve (left) and pycnometry- and porosimetry-de rived po ros ity pro file (po ros ity
vari a tion with depth) for well 16-2-78-22 in north east ern Brit ish Co lum bia. Dashed line rep re sents the
porosimetry (Hg)-de rived po ros ity and the dot ted line, the pycnometry (He)-de rived po ros ity. Black ar -
rows in di cate sam pling lo ca tions. Ab bre vi a tions: he lium, He; mer cury, Hg.



on the Doig phos phate zone and Montney For ma tion in a
stra te gic area lo cated in the Fort St. John graben and
Groundbirch field, where sam ple avail abil ity is ex cel lent.
Sam pling will be ex panded through the sec ond year of the
pro ject, which will in clude sam pling in the last quar ter of
2010 of well sam ples from the Core Facility located at
Charlie Lake.
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Fig ure 8. Plot show ing pos i tive trend be tween quartz con tent and porosimetry-de rived po ros ity for well 16 2-78-
22 in north east ern Brit ish Co lum bia.
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