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Abstract 
 
The moisture content is an important component within the gas shale reservoir system as the amount and distribution of water can 
have adverse effects on the volume of sorbed and free gas, relative permeability/diffusivity and solution gas may be a 
measurable contributor to total gas in place. The variation in the effects of moisture content depends on the mineralogy, 
maturity, kerogen type, and pore size distribution. To understand these variations a suite of organic-rich shales from northeastern 
British Columbia have been analysed. Analysis includes organic geochemistry, mineralogy, methane sorption capacity, water 
adsorption isotherms and surface area analysis. 
 
Devonian, Jurassic and Cretaceous shales from northeastern British Columbia have moisture contents ranging from 0.5 to 15% 
and methane capacities between 0.1 to 3.5 cc/g at 6 MPa. Maturity ranges from immature to overmature and TOC contents range 
from 0.5 to 17 wt%. When moisture content of a shale is varied, a trend of decreasing methane capacity with increasing moisture 
content is observed. However, when comparing a suite of moisture-equilibrated shales, there is no correlation between moisture 
content and the methane sorption capacity. Shales can have both high and low sorption capacities with high moisture content. 
Some general trends are observed; the Cretaceous and Devonian shales show methane capacity increases with moisture content 
while the opposite trend is found for the Jurassic shale. These differences are due to the variation of the amount and distribution of 
the water within the different shales. Water isotherms identify the range of pore sizes that contain hydrophilic sorption sites. 
Hydrophilic sorption sites are concentrated within the micro- and mesoporosity as a positive trend occurs between the moisture 
content and micro- and mesoporous surface area. The pore size distribution, in turn, is controlled by mineralogy, maturity, 
kerogen type and mineralogy. For example, the mineralogy affects the moisture content with clay-rich shale sorbing more 
water than quartz-rich shales. 
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Identifying the controls and distribution of inherent moisture in gas shale reservoir systems provides an understanding of water 
sensitivity and aids the overall evaluation of the reservoir with respect to one of the controlling factors of sorbed methane 
capacities. 
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Discussion and Summary 
Methane sorption capacities of organic rich shales are not controlled by their moisture contents but the proportion of hydrophobic to hydrophilic sorption sites. Shales that 
contain a high proportion of hydrophobic sorption sites will be able to sorb a greater volume of methane compared to shales that have lower proportion of hydrophobic 
sorption sites. Shales that have high methane sorption capacities can have either high or low moisture contents. The 10 samples that have been investigated are shown in 
the summary figure (Figure 16). The percentages shown in Figure 16 are the increases in methane capacity from moisture equilibrated ("wet") to dry conditions. The greatest 
increases in the methane capacity from wet to dry conditions are from the clay rich shales as the hydrophilic sorption sites (negatively charged surfaces) become available 
for methane sorption when dried. 

Hydrophilic sorption sites are located within pore structures that are composed of either: a) clays or b) organic matter that contains oxygen functional (aliphatic) groups 
(Figures 17 A-C). Maturity would have an effect on the distribution of hydrophilic and hydrophobic sorption sites (Figures 17 A & B). Higher maturity sample would have a 
greater proportion of hydrophobic to hydrophilic sorption sites and this would decrease the moisture content and increase the methane capacity. The lower maturity 
Cretaceous shale may contain greater amount of oxygen functional groups and increase the amount of sorption sites available water but to methane when dried. More 
research is needed to determine the significance of aliphatic rich TOC to methane capacity of organic rich shales. 

The distribution of hydrophobic and hydrophilic sorption sites throughout the pore network would playa major role in the effect moisture would have on the methane capacity 
with regard to blocking pore throats. In the two scenarios in Figures 17B & C, the methane capacity would be significantly reduced if the pore throat is hydrophilic and narrow 
enough that adsorption of water molecules would block access to the potential methane sorption (hydrophobic) sites. Methane that is produced within the pore body will not 
be able to move through the pore system as liquid water is harder to remove from pores as pressure decreases (shown by the water isotherms in Figure 11). If the pore 
throat is hydrophobic then water will not condense in the throat and both water and methane molecules can move though the pore network. 

The moisture content can playa significant role in the methane capacity of an organic rich shale as well as, depending on the hydrophobic and hydrophilic sorption site 
distribution within the pore network, effect the flow of gas from the matrix to the wellbore. 
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Figure 16: Summary diagram for all samples investigated. These graphs shows 
each sample's equilibrium moisture content (EQ Moisture), moisture equilibrated 
methane capacity (Ch4 Wet) , clay content, hydrophilic surface area, total 
porosity, methane capacity of a dried basis (Ch4 dried), total organic carbon 
content (TOC) and , mesopore and micropore surface area (all S.A). Percentage 
values represent the increase in methane capacity from wet to dry conditions. 
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Figure 17: Schematic pore model for the hydrophilic and hydrophobic sorption sites 
within an organic rich gas shale. Although methane is generated in local pores, if 
pore throats are hydrophilic, water may block pore networks that allow gas to flow 
through the matrix of the reservoir. As shown in Figure 11 there is a lag between the 
removal of water from a meniscus and the decrease in pressure (hysteresis effect). 
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The effects and distrib ution of moist • ure In gas shale reservoir systems 

IAbstract 
The moisture content is an important component within the gas shale reservoir system as the amount and distribu tion of water can have adverse 
effects on the volume of sorbed and free gas, relat ive perrneabilily/diffusivity and solution gas may be a measurable contributo r to total gas in 
place. The va riation in the effects of moisture content depends on the mineralogy, maturity, kerogen type, and pore size distribution. To 
understand these variations a suite of organic· rich shales from northeastern British Columbia have been analysed. Analysis includes organic 
geochemistry, mineralogy, methane sorption capacity, water adsorption isotherms and surface area analysis . 
Devonian, Jurassic and Cretaceous shales from northeastern British Columbia have mois ture contents ranging from 0.5 to 15% and methane 
capacit ies between 0.1 to 3.5 cc/g at 6 MPa. M aturity ranges f rom immature 10 overmalure and T Oe contents ra nge f rom 0.5 to 17 wt%. When 

mois ture content of a s hale is varied, a trend of decreasing methane capacity with increasing moisture content is observed . However, w hen 
compa ring a suite o f moisture~equi li brated shales, there is no correlation between moisture content and the methane sorption capacity. Shales 

can have both high and low sorption capacities with high mois ture content. Some general trends are observed ; the Cretaceous and Devonian 
s hales s how methane capacity increases with moisture content while the opposite trend is found for the Jurassic shale. These differences are 
due to the variatio n of t he amount and distribution o f the water w ithin the different sha les. Water isotherm s identify th e range o f pore sizes tha t 

conta in hydrophilic sorption sites. Hydrophilic sorption si tes are concentrated within the microw and mesoporosi ty as a pos iti ve trend occurs 

b et<Neen the moisture content and micro- and mesoporou s surface area . The pore size distribution, in tum, is controlled by mineralogy, matu rity, 
kerogen type and mineralogy. For example, the m ineralogy affects the moisture content with clay-rich shale sorbing more water than quartz-rich 
shales . 
Identifying the controls and d ist ribut ion of inherent moisture in gas shale reservoir systems provides an understanding of water sensitivity and 

aids the overa ll e v aluation of the reservoir with respect to one o f the controlling factors o f sorbed methane capacities. 

I Statement of the Problem & hypotheses I 
T he intern a l surface a rea of a s hale controls both the methane capacity and the mois ture content. Although moisture content has a negative 
impact on the methane capacity in samples when the moisture content is varied (Figure 1), the correlation between moisture content and 

methane capacity for a suite of samples can be poor and in fact , a positive trend can be seen between mO!sture content and methane capacity 
fo r the Lower Cretaceous Buckinghorse shale (Figure 2), a negative trend for the J urassic Gordondale s hale (Figure 3) and no correlation for 

the Devonian shales (Figure 4 ). The observat ions above indicate surface area within a shale is a comb ination of hyd rophilic and hydrophobic 
sorption sites where methane is adsorbing onto hydrophobic sites in moisture equilibrated samples and sorbing onto bath hydrophobic and 

hydrophi lic sorption sites in dried samples (Figure 1). Shales that contain a greater proportion of hydrophobic sorption sites will sorb more 
methane regardless of the moisture content (i.e . Figure 2). 
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Figure 2: No correlation exist between moisture content and methane capacity for 
Cretaceous Buckillghorse shales, however there is a subtle positive trelld . High methane 
capac ities are found with both high and low moisture-equil ibrated samples. 
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I Devonian, Jurassic and Cretaceous Shale Reservoir Characteristics I 
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plot of the 
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samples analysed. 
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samples are 
calcareous shales. 
The domillant clay 
in these samples is 
illite. 
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Figures 6-8: The pore size distribution for the Jurassic, Devonian and Cretaceous shales using mercury porosimetry. 

The table above summarises the reservoir characteristics of the three shale reservoirs from northeastern British Columbia . The ternary diag ram (Figure 5) illustrates the minera logy and the 
pore size distribution (PSD) is shown for the ten samples analysed (figures 6-8). Majority of samples are rich in clay (illi te) and quartz with IYIO Jurassic samples (N49-2 and N230-1) havillg 
near equal portions of quartz. clay and carbonate. The pore size d istribution Illustrates that a high proportion of pores are found In either the finer mesopore size fraction or In the 10-1001Jm 
macropore size fraction . Results from mercury poroslmetry has a detection Umlt of 3 nm and a significant amount of pores are within the mlcropore size fraction which Is not measured by 
this allalysis. Milleralogy (and diagenesis) has a large impact on the PSD which is illustrated by the quartz rich Devonian BRS 325-5 sample lacks mesopores (Figures 5 & 7) compared to 
the illite rich BRS-325-5 and MU1 4 16-1 sam les. 
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Figure 8: D ifferential therm ogravimetric analyses of a selection o f analysed samples. 

Differential lhermo91a .... imetric analYEi::; measures Ihe rate of weight loss 
from a sample over a programmed temperature ino::rease. In the 
analyses shown in Figures BA-D, Ihe temperature was illcreased at 
5·Cfmin up to 12Q·C.The samples was kept at 120°C for one hour and 
Ihen the temperature was increased al5·C/min up to 900·C. Weight 
loss was recorded for an additional hour aIBOO·C. 

Both quartz-rich (Figure SA) and bitumen-rich (Figure Be) samples 
snow 10 ..... volume of free or loosely bound water as weight loss was 
millimal below 200·C compared to the illite rich sample (Figures as & 
C) . Interla\:er water is released from cia" minerals between the 
temperiltures of 200 ilnd 400' C (gre::n circles in Figures BB & D). Wilter 
that ponds to the cat ion within the cia" structure is stronger than 
inlerlilyer Wilter ilS is nol released until -550·C rrnd is revdi ly SCCIl as 
an increase in the weight loss in Figure 6B and D. ThiS occurs at the 
same time the keroflen in these shales are decomposinQ into 
hydrocarbons (similar to the S2 peak of a rock-eval hydrocarbon trace) . 

The lack of ill ite or clays being oil-w~1 due to the presellce ot bitumen 
reduces the weight loss for Ihe Jurassic N49-2 and Devonian BRS-32S-
5 samples at temperatures up to 200"C.As N49-2 has a low moisture 
collient (2.3%) the majority of weight loss is allributaple 10 the 
devolatilization of bilumen and 1119 decomposi tion of U"Ie by-producl 
coke and hydrocarbons. 

FT-IR Spectroscopy of Selected Shale Samples 
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Location of Yl9ter by FT-IR spectroscop)' has peen shown in coal studies 
to be centred aroulld the aliphatic functional groups, particu larly the 
oxygen functional groups within the organic matter (Mahajan and Walker 
(1 971). Aliphatic groups are hydrophilic sorption sites and aromatic 
carbon rings are hydrophobic. Examples of oxygen functional groups 
incluse carboxyl. hydroxyl , carbonyl , phenol. ester and ether. As al iphatic 
cha ins are lost during maturallon of coal and organic rich shale there is 
concomitant decrease in the moisture conlent as hydrophilic sorpllon 
sites are removed. McCutcheon and Barton (1999) found that mineral 
matter increases the moisture content of coal - up to 3x more. Silicates 
play iJ Iilrge roltl in IIltllTlui:;lure umtent. p<lrlit.;ul<J riy d;;ryt; (i llile). 

Al l samples contain strong ab:;orbance in the sil iC'.A te region of 1200-
900en'-'. All samples show an increase in the absorbance when moisture 
Is added , Indicating water Is absorbing onto or Into minerai grains. The 
Gortklndal€ N49-2 sample is the eXG€pt ion (Figure 98), shuw;ng no 
increase In the apsorbance. pemaps due to minera ls being coated Py 
bitumen Tho v;:uy ing dogreo of 'linter fJd~rptjon onto silic. ... le3 b 
go .. erned by the mineral composition of each shale . Moisture 
preferentially sorbs onto smectlte>lII lte.>kaollnlte.>calclte.>quartz . 
Carbonate peaks are preStint in lwo of the GordOildale shale samples 
(i.e. N49-2; Figure 98) and Ihese two samples ha .. e the lowest increases 
in water adsorpti on in IIle silicale legion (Figure I [)J. This peak ooupled 
with the peak at 070cm ' can also be attributable to bitumen as shown by 
Borrego et al . (1996) which indicates the presence of bitumen in the 
N49-2 (and N2JO-1, not shown) sample. 

Oxygen fum;tiunal group:; ani IO{;at!:ld at t 750-1550cnf' . All Sample:; 
show increase in absorbance as water adsorbs OIl these sites except for 
the Boulder Creek shale. Aliphatic groups are also klC<lted at oond 
regions 830-720 and 3000-2800cm" and all samples show an increase in 
ebsorbance in these reQions except for Boulder Creek and Gordendale 
N49-2 samples. Greatest increases occur within the Cretaceous shales 
which is probably due to their low maturit" and greater amount of 
aliphatic molecules wilhin their organic matter. compared 10 the higher 
maturity Jurassic and Devonian samples 

Al l samples show an increase in the hydroxyl QrouP with in the reQion of 
3618-2800 cm·' . Hydroxyl groups in this region represent both free water 
and water within the interia"ers of clays. Free water is found within 
interpartide spaces and e)ltemal surfaces on crystals and interlayer 
waler is found withm days on the exchangeaple ion at 3600 and 1630 
cm·'. Liquid water H-O-H benclng also occurs In 1630 cm" region . If 
hydrmyl groups arc preslJfll in the reg ion of 36!JO-3620mf' they arc 
interpreled as part of silicate slruc1ures (Xie et aI. , 2(01). The Devoniall 
shale BRS-CIS shows a very large increase in the J6Hl-200ocm ' region 
when water is added to create a slurI)' (Figure 9C). This increase is free 
water within interparticle spaces with in the shale. Large increases also 
m:eur at lhe 0 , fundiunal gruUp5 amJ aliph;llic rocking million regioll. Nil 
water is Iocaled in tI)8 aromatic ,egioo of 2100-1650GIli" as Ihis region is 
hydrophobic and can be considered a location where methane would 
sorb. 

CI3,'& 

F~ure l 0 : Milleralternary diagram with the percentage increase in 
absorbance in the silicate region of the FT-IR spectra (green numoors). 
The increase in absorbflllee is related to the volume of water that is 
absorbed. The carbonate (and bitumen) rich and quartz rich samples 
show the 10Vlest increases with the greetest increases in the illite rich 
samples. 

I Water Vapour Isotherms of Selected Shale Samples I 
water isotherm - Devonian BRS 325-5 water isotherm - Devonian C15 

Waler vapour Isotherms are a 101'1' pressure 
analyses and requires the sample to be 

" '" d es0\ption 
completely evacualed. Incremental dosing with 

SA 0 30 m'lg /I .. 121 m' lg water vapour is done at pressures proportional ., 
\ / / 10 the gilseS .. apour pressure (PIPo) to Ihe point 

~ 
Oi;o near atmospheric pressure. Water vapour 

Ci" - ---- ./ .:mrrlr...cs allo .... s the C<"llr.ul;:Jtion of the nmount of 
u surfilce area thal is availaple to water 

" I-- "£'!Q 

/' ~ (hydrophilic ~orption :;it~) . TIle value ~ ~ , m displayed within Figures 10A-D are the m. E'" 
E· , ~ .............. ~ -equivalent" hydrophilic surface area based on 
~ / / 0'0 the O-R method. The lowest hydrophilic surtace 

~ 
~ 

> ....-~ adsorption B 
area is in the quar17-rich (Finure lOA) and the .. / '" - bitumen-rich (Figure 10D) samples with higher 

. ~ 329% hydrophilic sUJface area Is found In clay rich , - samples (Fi9ures 1 DB 8. C). The 9reatasl .. HysteresIS Increase -283% , 
" " .. 0, , co amount of hydrophilic surface area Is In the , 

P/Po Cretaceous Hasler Shale (Figure lOC) as 
• ·1! .. " " , 

" ~ - degraded illite is present which has a greater ' .. ,. amount of surface area due to the 1051 of cal ions 

water isotherm - Hasler shale 
water isotherm - Jurass ic N49-2 through weathering. 

" " Hysteresis describes the ditterence between the 
179 m'lg 24 m 2/g adsorption and desorption branches of ,. 

/ ' " isotherms (i.e . Figure 10B). All samples 

-
~ 

analysed show hysteresis which is due to 
0>" 

~ 
differing processes occurring betwoon - ./ -. adsorption and desorptiOll of water because of u po 

" thil tilit gl:lulIIl:llry of porl:ls wilhin do.yti. During -.. " m 

~ 
" adsorption water fi lls the pores by multilayer 

E· -. Hd~urpli{)f] prllt:ess amJ the IJesurpliuf] m;[:lmi " ~~ ,2 ,lO 

C 
E 

[Q]-
b)' capillary evaporation. Waler can only be g ~ drawn from a limited surface area at the ,. '0 ' 

'l meniscus that lies at the opening of the slit pore. 

--/ > The r<lte W<ltCf" is remo .... ed is loss ih<ln Iho r<lte 

" 
, Ihe pressure decreases. All hysteresIs loops 

./ 304% ~ 

230% 
rema in open which indicates that a proponiOll of 
the water added has not been removed and has 

. ~ 

• either been retained Py the oxygen functional • " " •.. .. , 
" 'I~ 

il~J"oJ 100, ... , H O[-il, ,.11)[.(0 , ~.rn· . , , 00 [><>:' ' .1':'00 groups or by tile clays. The greatest relention is 
,~ seen within the illite rich shales (Figures 108 & 

Cj. 

Figure 11: Water vapour isotherms for a selecti on of analysed samples, showing the difference betweell quartz. bitumen, alld illite rich 
samples. SA = hydrophilic surface area and hysteresis increase is the percent increase from the initial adsorption volume of water to 
the final desorptioll vo lume . 

I Cross-Plots 
I 

<50 
~,,""a ... n .... rta •• K,.,..P"" """'+ArI« Figure 13: A slrollg positive ~ 1 .$ · ""''''''"' ...... corre lation exists between the R'-o ,~ 

Figure 12: A strong posi tive • "'''''v-.... ~'1' .,-.. difference of dry & moisture ~ 1.6 . • 
correlation exists between 

.~ <OC • """"",.".ltsn.lt equi librated methane <:- 1 ... 
eqllifibrium moisture :'IIld • R'- J.II3 capacities and the moisture !! • 
hydrophi lic surface area. 1 • iJ 1.2 cO lltent. Symbols ore the .' Hydrophilic suriace area is I '" • same as Figure 12. The outlier ~ 1.0 rncasuH.:d by w<ltcr vapour , 

is the Cretaceous Hasler • 
adsorption armlys85 

, . > 
< shale (red ci rcle) where the ' 0.$ 
{ 100 • 8 . 
• higher moisture content does '[0.6 G - not translate into higher 

// 
. 

" 
, methane capacity when dried . J O ~ 

Some hydrophil ic sites may 
, ,- ~ 0.2 

not be available to methane ~ 
• • , , , , , , , , 

" when dried vvtlich maybe due 0 , , , • , , , • , 
~ ~q""YU~"" ""''''''''''''' (''fo) to the illite being in a Moisture Contlm:('\(, ) 

degraded form. ---
AliphatIc -+ 02 Functional Groupa va Percent Absorbance Increase -

[g ~ ,~ 
., Figure 15: A positive -, ,., .... ' .. .... ." -' .• <£) colTelalion exists between ' - ,.. .0...,.. 

g ~ on , the illite coment and the 
~ " c e 1f<l percentage increase in the ~ g'." H • Y " 2.51l29K - 57 .61 absorbance in the silicate ~~ 0) 

S! co. , ... 
R' = 0.701 

~ S ." 
.~ region of the FT-IR spectra 
~Q;: 1:10 This correlation is with the 

}~ - • ~t exclusion of the CretaceolJs • " 0 -• o " ~ Hasler s~ale (red ci rcle) . 
~ ~ »> 

0; .-

~ ~ ~ • The reason for Ihe Hasler 
l! c.. • . < .- . being all outlier could be 

D.. !: m 0 ~.~ ,. • • 0 due to the same reason as 
. 0 '& Vi .. • in Fig ure 12, with the illite , , " .. .. . , . m ,,' .• , . - " • being degraded as ..... ell as 

H,~,",' ",,""""h'I~"') " 
, 

• Iulolinite i:; rl olconsic.Jered 
Figure 14: A positive correlation occurs betw$ell the liimoont of hydrophiliC surfliica area • • ,. which is 12% ill this sample . 
and percentaQe Increase In absorbance tn the aliphatic reQlons . This treM Illustrates • • " • • " " " " " 
lhe conlrol al iphalic sorplion sites has on IIle moislura wnlenl of an Of9anic l ich shale. ... """."'~ 




