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onerMBaeTc. B, 5,63 - 15,120ky6.km, uTo cOOTBETCTBYET 2-4cM ypoBH# Mopsa. Pe-
ANLHOE CONEPIKAHKE IPYHTOBOTO Jhja konebnercs ot 10,800 no 35,460ky6.xM, uro
cooteercTBYeT 2,7-8,8cM ypoBHsS MOp1.

Ha3zemABle u3Meperus yKasEIBaloT, YTO TPYHTH Ha riyGuHe ScM npoMepsa-
10T B Tedenne 2-3 Helelh pH CpeIHEMeCHYHOH TeMIepaType Bo3ayxa parHoit 0°C
uny Grnskoll K Hed. I'pyHTHI Ha ITyOHHEG 5CM HCIBITBIBAIOT LIMKIGI IIpoMep3a-
HUA/OTTaHBaHMsA, JAXKe eClM CpeHeMecIyHas TeMIEpaTypa BO3yXa COCTABIAST
10°C. -PaciipocTpaHeHHMe CEI0OHHO-MEDP3ABIX [PYHTOB ¢  UMKIOM IpoMepsa-
HHUs/OTTauBaHuA Gojlee 2-X Hejelh ONpelelsieTCa cpelHeMecsuHol TeMnepaTypoi
pozzyxa papsoil 0°C. O6nacTs cpefiHeMecAuHOH TeMNepaTyphl BOJAYXa MEWIY
0°C u 10°C ykassipaeT NOTEHUHANBHEIH UK NpPOMep3aHys/oTTAUBAHYS, COCTAB-
NAOWM MeHee, 9eM JBe HenenH. MaKcHMansHOe paclpocTpaHeHHe Ce30HHO-
MEp3IBIX [PYHTOB, OIpefeNendoe Kak u3ortepma 0°C cpenmeit Temmeparyphi BO3-
[yxa B AHBApe, COCTAB/IET OKONO S5MIH.KB.KM uid 55% ot obmeit ToRepXHOCTH
semmi. Boobiie, MPaHHIE TPOMEP3aHNA/OTTaHBAHMS TIPOXOTUT HECKOMRKO OMKHEE,
HEM pacIpOCTpaHeHue cHexnoro roxposa B CesepHolf Amepuxe u Eppome, B 1O
BpeMs Kak pACIpOCTPaHeHHe CHEXHOrO IOKPOBA OTCTYIAST Hadble Ha cemep B
A3¥n u3-3a BO3IEHCTBYS KIMMATHIECKOTO PEXHMA MYCCOHOB.

BpeMs oT BpeMeHy, IPaHMIA TPOMERIana/OTTaHBaHUs CMELLEeTes! 10K Hee
PACIIPOCTPAHEHMS CHEIKHOTO IOKPOBa o%mmzo. Bo Bpems BeceHHero TasHUs CHe-
[OB NPOABMIKEHHE FOKHOM I'DAHMIIEI CHEXCHOTO TIOKPOBA Ha CeBep OTCTAET OT HyJle-
BO# H3oTepMbl, CPEAHErO/IOBEIEC H3IMEHEHHA W M3MEHEHHA, IPOHCXOAILINE KaXK ble
JIECSATE: JIET, B CE30HHO-MEP3JIBIX TPYHTAX W PACIIPOCTPAHEHHH CHEXHOTO TIOKPOBa
PAcCMaTPHBAKYTCH HA YPORHE PETHOHA U YPOBHE IONYILAPHS.

TIpopoKKUTelbHOCTh 110 BPEMEHH X DACHPOCTPAHECHHE IOBEPXHOCTHOTO
NpoMep3alus/OTIAHBAHHA TPYHTA ObLIM MCCIENOBAHB] ¢ NPHMEHEHHEM JAHHBIX
CHEIUMANLIOTO EEHCOPHOrO MHKPOBOTHOBOrO AaTdnka (SSM/I), NaHHBIX Ha3eMHAIX
HaMepeHH ¥ [U(POREIM MOJEIHPOBAHNEM ANS CEBEPHOrO foyapus. I'paHHIa
TIpOMep3aHusA/OTTaMBAHMS O0BIMHO HAXONHICA B COOTBETCTBHMM ¢ M3oTepmol 0°C
TemMnepaTypsl Boziyxa, TIpoMepsatnue NOBEPXHOCTHOIO CIOS IPYHTE HAYMHACTCS B
cenTabpe-oKTAGpe B palfoHax BHICOKHX IMEPOT/OONBINNX BRICOT, 2 B Jekalpe i
Jaxe sHBApe — B palioHaX JOTHH CPeIHUX LKPOT,

Tocnenuntl JeAs MOBEPXHOCTHOTO NPOMEP3aHUs TPYHTA OTHOCHTCH K (eB-
PANIO MIIM MapTy B paiioHax cpedHHMX HIHPOT B K Maio-HIOHIO B PafiOHAX BBICOKHUX
MUPOT/GONBILEX BEICOT, 3TH PEsyNbTaThl IIOKA3BIBAIOT, YTO JUTHTEIEHOCTD IIPO-
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MEp3aHMS OBEPXHOCTHOIO CJIOf IPYHTa M3MEHAeTCA OT HECKOJIBKHX HENEeNmb [0
HECKOMBKMX Mecsanes. KonwdecTo mmel, Korjga MOBEPXHOCTEBIH clO# rpyHTa
HIPOXOIUT MHKIB TPOMEP3aHUA/OTTAHBaHUA KOnebneTes OT HECKONbKHX AHel 1o
nsti MecsaueB u Gonee. OGBIUHO [OBEPXHOCTHBIHA CIOH NpoMep3aeT Fo TOro, KaK
CHET [IOKPBIBACT IIOBEPXHOCTD,

OmHaKo, Mepaisii rpyHT MOXeT OBICTPO HCHUESHYTH MOCTE YCTAHOBISHES
NOCTOSHHOTO CHEMKHOTO IOKPOBa, ocofeHHo B 06NacTd cpenHux wupot. B nepuon
¢ 1988 r. mo 1999 r. Gonee 50% MOBEPXHOCTH 3eMIIH B CEBEPHOM TIOIyIIApHH Tu60
OBUIO OKPHITO CHErOM, G0 MPOXOAWIH IUKIR MpoMep3aHus/oTTanBanuA. Jlon-
rospemertoe (1988-1999 r.r.) usyueHMe CHEXKHOrO [OKPOBA M PACIIPOCTPAHEHHS
MEp3/blX [PYHTOB W HX 3aBHCHUMOCTh OT KIHMMATHYECKMX YCIOBMH Takke Oyuer
PACCMOTpEHA B JAHHOM myOIIHKaLpH,

Scott R, Dallimore*, Evgeny M. Chuvilin**, Vladimir 5. Yakushev***
A*Omomommnm_ Survey of Canada, P.O. Box 6000, Sidney, British Columbia ,Canada
*#Department of Geocryology, Moscow State University, ***Gazprom, YNIIGAZ, Russia)
NATURAL GAS IN PERMAFROST OF NORTHERN CANADA AND
RUSSIA: GENESIS AND FORMS OF EXISTENCE
The oceurrence of methane and other hydrocarbon gases in association with
permafiost is of concern from a drilling safety point of view, as a possible natural
source of greenhouse gas to the atmosphere affecting global climate change, and as
a possible small-scale gas supply for remote Arctic communities. Researchers from
the Geological Survey of Canada, Moscow State University and VNIIGAZ have a
long history of field, laboratory and theoretical investigations of permafrost. Re-
cently these institutes have begun a collaboration to investigate the issue of natural
gas within areas of continuous permafrost. This research includes investigations of
anecdotal observations from local inhabitants and documented shallow gas occur-
rences encountered during the course of exploratory hydrocarbon and geotechnical
drilling, Field studies have been done in Mackenzie Delta and northwest Siberia
(Fig.1). Fundamental laboratory research is also being conducted under controlled
temperature and pressure conditions, and dedicated field programs have been car-
ried out to collect gas samples and characterize in situ geothermal and porous me-
dia conditions.
In a permafrost setting, both free gas and gas dissolved in the available pore

water can occur within the sediment pore spaces. Dependent on the formation pres-
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sure and temperature conditions, and also on the history of permafiost development
in the region, solid methane hydrate may also occur as an additional component.
The ?%o&onm of these various phases are controlled by the geochemistry of the
pore waters, the physiochemical properties of the porous media, the in situ tem-
perature and pressure conditions, and the history of changes in these conditions
over time. For the gas phase a key consideration is the source of the gas, be it bio-
mma“m,mmm formed in situ from active microbiological communities, locally derived
biogenic gas transported or concentrated through geoclogic processes, or deeper
generated thermogenic gas. Aspects related to permafrost properties including the
effective permeability (i.e. the permeability to gas and liquid) are especially im-
portant. In general well ice-bonded, cold permafrost with little unfrozen water and
reduced effective permeability to gas/fluid flow can be expected to have a low res-
ervoir capacity for free gas. [n comparison, warm permafrost with saline pore water
may have similar reservoir characteristics to that for unfrozen sediments.

Mackenzie

Figure 1. Locations of field studics of intrapermafrost gas accumulations in Canada (Mackenzie
Delta) and in Russia (Yamal peninsula, North of West Siberia).

Documented accounts of free gas associated with permafrost in the
Mackenzie Delta are mainly related to talik zones. Observations of surface gas dis-
charges are typically associated with taliks beneath water bodies where both peren-
nial and episodic gas seeps have been described as open water boils, gas spouts and
holes or thin ice conditions during the winter (kushkas). Case histories from the Ni-

glingtik and Taglu gas fields; as well as several offshore fields, document free gas-
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associated with laterally continuous intrapermafrost taliks (Todd and Dallimore,
1999). In these cases local geopressure anomalies have been observed with some
overpressured zones. Similar shallow gas occurrences associated with taliks have
also been documented in the Yamal Peninsula area of northwest Siberia (Yakushev
and Chuvilin 2000, Chuvilin et al, 2001). Iowever, in some areas gas flows have
heen observed within ice-bonded sections. Monitoring drilling and coring of per-
mafrost and sub-permafrost interval in the south part of Bovanenkovo gas field car-
ried out by Krios Company Ltd. In 1994-1997, was accompanied by a series of gas
blowouts from the permafrost interval. Most of the gas releases were documented
at depth 60-80 m. In the Bovenenkovo area Quaternary ice-bonded silty marine
sediments with thin sand layers are found at these depths. Sediments typically have
high ice contents inferring low effective permeabilities and reduced reservoir ca-
pacity. Nevertheless some of gas lowouts flow rates reached 14 000 m’/d (Fig. 2).
The magnitude and duration of these gas discharges can only be attributed to a
large free gas occurrences existing within permafrost, where gas was accumulated
and stored during permafrost development. Local geopressure anomalies caused by
#shallow intrapermafrost gas hydrates may also be a factor. Laboratory investiga-
tions of permafrost drill cores recovered from intervals close to gas-releasing zones
have shown the probable existence of part of the gas in pore space in the form of
relic hydrates — a metastable state which is caused by gas hydrate self-preservation
phenomenon (Ershov et al., 1991). According to (Yakushev 1989) these hydrates
could be formed during the course of frontal epigenetic freezing and gas concentra-
tion in relatively permeable, but geometrically closed lithological pockets. Visible
intrapermafrost gas hydrates within ice bonded permafrost have been described by
Dallimore and Collett (1995) at depths of 330-350m in the Mackenzie Deita, They
also postulate the presence of self preserved gas hydrate at 119m (outside the nor-
mal methane hydrate pressure-temperature stability field) on the basis of high core
headspace gas concentrations.

Geochemical analyses of gas from blowouts, and from gas inclusions in
permafrost cores, suggest that gas occurring in ice bonded permafrost in the
Mackenzie Delta and Yamal Peninsula is primarily from microbial sources (see ta-
ble 1, 2, 3). Collett and Dallimore (1999) have suggested that in part, this may be
because of the low effective permeability of ive bonded permafrost greatly reducing
upward flux of deeper thermogenic gas. This seems to be the case at the Bo-

venenkovo field where geochemical data indicate that a shallow gas-bearing reser-
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voir m::&&_o:_u\ 400 m below the base of permafrost has a different oripin (pei

sis) from the permafrost gas. Methane in sub-permafrost gas-bearing rescrvolr i

90%o0) and Ci/C;-Cs ratio (unlimited). Given the volume of gas flows rclc
within the permafrost interval at the Bovenenkovo field it is seems that biopenie
gas can accumulate more efficiently than thermogenic gas in this environment.
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Figure 2. Distribution of gas blowouts and their intensities with
petmafiost depth at Bovanenkovo gas field .
£ Table 1.
Gas composition in gas from 92GSCTAGLU corehole samples (Mackenzie Delta)

Depth Methane Ethane Propane Ci/(CatCs)
(m) (ppm) (ppu1) (ppm)

2.3 2287 6 2 286

38 128 6 2 T

6.1 1935 6 2 241
29.9 466 <] <l 233
56.9 44042 1 1 22021
88.4 15719 3 <1 3929
1194 30086 4 1 6017
136.2 5229 2 <1 1743
167.5 18401 3 <1 4600
195.8 18912 6 3 2101
225.7 9201 5 2 1314
262.4 11187 3 1 2796
296.7 17710 5 1 2950
326.9 34602 4 2 5766
354.3 *95000 24 1 >3800
386.3 59445 10 1 5404
413.8 14853 4 <1 2971

292

Table 2.
L cmposition (%vol.) in gas releases from permafiost interval in Bovanenkovo
gas field (data from ‘Krios'Ltd.)

ol s, Interval of | CHy N2 CO, 0} 2Cy- Co H2 Cyf
I nber | gas release Cs Z(C-Cs)
(m)
[l 28-33 99,82 | 0,09 | 0,02 |- - - 0,07 | w
L1 59-64 98,17 | 0,75 | 0,15 |- - 0,88 {015 |
142 1844 . | 87,66 | 6,36 | 0,34 - 0,08} 406 |15 11095
fnftald ) 150-151 97,19 (0,09 |2,72 |- - - - o0
paft- 4 119-123 98,02 | 1,90 | 0,08 |- - - - o0
S 89-96 99,79 10,21 |- - - - - )
Table 3.
_ ¢ content of methane gas released from permafrost interval
o, well number | Age of deposits Gas re- 37°C value (%0)
lease
depth (m)
Neogenene 57 -89.9
119.4 -78.8
167.5 -79.9
326 -78.0
354 -79.8
) peninsula (data G.I.Teplinski,
It enkovo; VNIIGAZ)
V1 P-] Omy 28-33 739
I Qmy 50.64 74,6
2 Qm, 38-44 20
-3 Qm; 62-69 -72,3
1 Qmy 63-70 -71,0
P2 Qi 114-120 | -70,4

In the future, joint Canada-Russia investigations of shallow gas occurrences
within permafrost are expected to include controlled laboratory investigations to
quantify self preserved gas hydrate and free gas-gas hydrate relationships. Initial
results of this joint study and comparison of data received in different areas of per-
mafrost occurrence have shown following:

1. Free gas accumulations in association with ice-bonded permafrost and
talik zones occur frequently, in some cases in unexpectedly large volumes and at
relatively shallow depths (20 — 200m). Given the shallow depth and the important
contrals of ice-bonding, it can be expected that permafrost degradation (or even
warming) during periods of global climate change may release significant amounts

of methane and other potent greenhouse gases to the atmosphere. These shallow
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gas occurrences clearly represent a considerable hazard to drilling and hydrocarbon
development activities in permafrost areas and should be carefully considered dur-
ing project planning for field work. Precautions such as use of cold circulating flu-
ids and reduction of ignition sources during drilling should be mandatory. Shallow
permafrost casing should be considered in problematic areas.

2. Gas hydrates can exist within hydrate-stability zone within the perma-
frost interval (usually below 250 m depth) and in the form of relic hydrates which
were likely formed in the past and now exist due to self-preservation phenomenon
at depths 20-200 m. These relic gas hydrates may be uniquely associated with free
gas occurrences in ice boded permafrost although their physical and chemical asso-
ciations are not well constrained. Because of their shallow depth and there metasta-
ble condition self preserved gas hydrates are very susceptible to dissociation as a
consequence of global cfimate warming.

3. Gas geochemistry studies suggest ice-bonded permafrost contains
mainly biogenic gas and is an effective barrier to deeper migrating thermogenic gas
even when conventional gas reservoirs are only a few hundred meters cosnm%..ﬂra
base of permafrost. In contrast because taliks have higher effective permeabilities
they may be efficient conduits for migration of deeper thermogenic gas. The mi-
crobiology of ice-bonded permafrost and its capacity to generate biogenic gas in
situ or during permafrost aggradation requires more study.
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NPUPO/HDBIN I'A3 B BEUHOM MEP3JIOTE CEBEPHOW KAHA/JIBI
POCCHM: TEHE3VC ¥ @OPMEI CYIIECTBOBAHWA
3anerasuc MeTaHa W IPYTHX ra3000pasHEIK YIIeBOI0p0OJOB B BEYHOH Mep3-
note obpataer Ha ce6s BHEMaHUE ¢ TOTKY 3peH#s OesomacHocTn GypoBsIx pabor,
KaK RO3MOXKHBIE NpPHPOIHBIHA HCTOYHEK SMHCCHE TEIUIMIHOTO rasa B atMochepy,
BIMMOINMH Ha rmofansuoe H3MEHeHHe KIHMATa, 8 TalOKe KaK NOTCHUMAIbHEIH Ma-
nomaciuTabuslil pesepmyap MpUpORHOTO Taza I YJATEHHEIX apKTHYECKHX Hoce-
nenuit. Uccnenosarenu u3 leomormueckoit cny:x6r Kananst, MockoBCKOro rocy-
napcreeHHOro yHuBepenTeTa 1 BHUWIA3 mmeror GoraThlf B HOATOBpeMeHublH
OIBIT TOJERRIX, NABOPATOPHEIX M TEOPETHHECKHX HCCNEAOBAHMH M3yHdeHNs BEYHON
MepaoTsL. B HocieHes BpeMs 3TH HAYMHBIE YIPEKACHUS HAYATH COTRYIHHHEECT-
EO TIO HCCAEHOBAHKIO MPoGIeMBl TPHUPOHOTO I'asa B paHoHaX HeNpepsIBHOIO pac-
HPOCTPaHEHHA BeYHOH Mep3/IoTH, JTH HCCTeN0BalUd BKIIOYAIOT IIPOBEPKY HeBe-
POSTHBIX HAOMFOZeHWHA MECTHBIX XKHUTCICH H H3yUeHHe HOKYMEHTALHK 110 3aNeXaM
IPHPOIHOTO rasa Ha HeBombIIMX TyOHHAX, OTKPBITEIM BO BpeMs OypeHus 1o pas-
BeJIKe YI/IeBOI0POIOB M reoTexHuyeckoro Gypenns. [Tonessie uccnenosanus Gsuin
NPOBE/IeHL B AENBTE p. Makkensu u B cesepo-3aranuoi Cubnpu (Puc. 1). Hapsmy
C 3THM HpoBoaTcH QyHIaMeHTATRHEE Ta00PATOPHEIE HCCIISAOBAHUS B YCIOBUAX
KOHTPOJISL TEMIISPATYPSI i HaBIeHHUS ¥ OCYIECTRIAIOTCS ClIeIHAIBHEIE IPOTPAMMEL
1o orbopy Mpod rasa U XAPAKTEPHCTHKE TEOTEPMUYECKUX YCIOBHA H MMTOPHCTHIX
cpen in sifi,

B Mep3JIOTHOM OKPyXKEeHMH, KaK CBOGONHBIH Ta3, TaK U ras, paCTBOPEHHbIA B
uMetomeiies MOpOBOH BOJE, MOTYT HAXOLMTRCH BHYTPH MOPOBOrO HPOCTPAHCTBA
ocafKoB. B 3aBHCHMOCTH OT (OPMUPOBAHUA TeMIIEPATyPHLIX YCIIOBHE ¥ [aBenys,
a4 TRKKE WCTOPHH PA3BUTHA BEUHOH MEp3NOTl B OTHX PErHOHax, TBEp/EIH MeTaH
FHIpAT MOKEeT TaKKe IPHCYTCTBOBATE B KAUECTBE AOTIOJHHTEIEHOTO KOMIIOHEHTA.
CoOTHOLIEHNE TAKMX pasBbix (a3 ompeRemsieTes reoXiMuel mopossix Bog, dusn-
KO-XMMAYECKIMHA CBOHCTBAMH TIOPUCTBIX CPel, YCAOBHAMM TEMIIEPATY DB H JaBJie-
HESI i $itu, & TAKOKE HCTOPHEH H3MeHeHuH STHX ycnosul Bo Bpemeny. [ razoBok
(haskl KIOUEHHIM MOMEHTOM SBIETCA MPHPOJa MCTOUHMKA rasa: OuoreHHwl ras,

06pazoBaHHEI i1 $ify AKTHBHBIMYH MUKPOGHBIMU coOBIIECTBAMH; JOKAIBHO Ipo-
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