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IéNIk Sikumi GAs HYDRATE FIELD TRIAL COMPLETED
By the Ignik Sikumi Gas Hydrate Exchange Trial Project Team

On May 5, 2012, ConocoPhillips, in a cooperative effort with the Japan Oil,
Gas, and Metals National Corporation and the U.S. Department of Energy,
completed the first field program designed to investigate the potential for
CO,-CH, exchange in naturally-occurring methane hydrate reservoirs. The
field team, operating from a temporary ice pad constructed in the Prudhoe
Bay Unit on the Alaska North Slope (see Schoderbek and Boswell, FITI,

Vol. 11, Iss. 1), achieved incident- and injury-free operations. The program
met its primary goal of conducting a controlled scientific experimentin a
field setting to further our understanding of the response of gas hydrate
reservoirs to gas injection. For further background and information on the
Ignik Sikumi project, please see the project webpage (www.netl.doe.gov/
technologies/oil-gas/FutureSupply/MethaneHydrates/projects/DOEProjects/
MH_06553HydrateProdTrial.html) as well as prior reports in this newsletter
that detail the experimental background of the project (FITI, Vol. 8, Iss. 4); an
overview of the exchange concept (FITI, Vol. 10, Iss. 3) and a review of the
winter 2011 Ignik Sikumi drilling, logging, and well completion program (FITI,
Vol. 11, Iss. 1).

The 2012 Field Program

Operations for the winter 2012 gas injection and production phase of the
Ignik Sikumi field trial began in December, 2011, with the reconstruction

Figure 1: Ignik Sikumi Field Trial Site, North Slope, Alaska
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of the ice pad around the well head installed the prior winter (Figure 1).
Throughout January and February, ConocoPhillips staged and positioned the
equipment required to conduct the exchange trial, connected the pumps,
tanks, and meters to the well head, and re-circulated fluids to confirm

the well’s mechanical integrity. The well was then filled with a mixture of

CO, (23%) and N, gas (77%) that displaced the well preservation fluids. An
oriented perforating gun was lowered, and a 30-ft interval of casing was
perforated at six-inch spacing with no damage to the downhole pressure-
temperature gauges or the fiber-optic cables. A sand screen designed to
control sand production was then set across the perforated interval.

Between February 15 and February 28, 210,000 standard cubic feet (scf) of
blended CO, and N,, along with small volumes of chemical tracers, were
successfully injected into the formation. Mixed gas was used rather than
pure CO, to enhance opportunities for carbon dioxide to interact with native
methane-hydrate by inhibiting formation of secondary CO,-hydrate -- both
by displacing movable formation water and by changing the reservoir
chemistry near the wellbore. The injection phase proceeded smoothly,

and injectivity increased slowly and steadily during the test, without any
indications of formation fracturing. Once the planned gas volumes were
injected, the well was shut-in and reconfigured for flow back.

On March 4, the well was re-opened and
produced a mixture of gases under its own
energy, for one-and-a-half days, before it
was shut-in for installation of a downhole
jet pump. For the next seven days, the well
was produced by pumping fluids from
the wellbore, thereby lowering pressure
at the level of the perforations to draw
fluids from the formation, while remaining
above the pressure that would destabilize
any native CH,-hydrate. Ignik Sikumi #1
produced water and gas at a wide range of
rates during this phase, accompanied by
intermittent recovery of very fine-grained
Figure 2: After measurement and sand. Operational issues were successfully
compositional analysis, gas is flared  mitigated and included a two-day shut-in
atthe Ignik Sikumi # T well site. for valve repair in the surface separator.

Jet pump-assisted production was re-started March 15, with the goal of
drawdown below methane-hydrate stability pressure. During this phase
of the field test, hydrate dissociation was successfully initiated and gas
production rates peaked. After producing for two and a half days, the
wellbore was shut-in to mitigate an ice plug that formed in the flare line.
During this shut-in period, the downhole jet pump was also replaced with
a model that permitted lower drawdown pressures. Production was re-
initiated on March 23, and the well flowed continuously for the next 19
days, until final shut-in on April 11. During this final period, flowing reservoir
pressures were smoothly lowered and production rates steadily increased.
The recovered gas was progressively dominated by methane. Overall,

the well produced for 30 days during the 38-day flow-back period, with
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cumulative gas production approaching one million standard cubic feet.
The well was plugged and abandoned in accordance with the requlations
of the Alaska Oil and Gas Conservation Commission, including filling the
wellbore to surface with cement, capping the well, cutting the well off
below ground surface, then backfilling it to fit the pre-existing tundra
landscape. The site will continue to be visually monitored as spring thaw
removes all visible signs of the test site.

Challenges Met

The Ignik Sikumi field trial overcame a number of challenges. First, careful
program planning and management enabled a complex scientific field
experiment to be conducted in the midst of normal operation activities

in the Prudhoe Bay Unit with no interference with the simultaneous
production operations. Second, the field team successfully managed

the oriented perforating of the target zone with no damage to the well’s
extensive downhole monitoring equipment, enabling full collection of
data throughout the duration of the test. Third, careful engineering of the
gas injection phase enabled the precise mixing and control of injectant
components, as well as the management of injection pressure such that
the targeted volume of 210,000 scf of gas was injected within the allotted
time without fracturing the formation, an event that would have made
real-time monitoring and post-test modeling more difficult. Fourth, the
team addressed the potential for rapid loss of injectivity due to direct
CO,-hydrate formation through the use of a N-CO, gas mixture. This
mixture met the program goal of modifying the near-wellbore physical
and chemical environment in such a way that injection could occur
without adversely affecting the hydrate-bearing reservoir. Fifth, the well
was successfully transitioned from injection to production, during which
the downhole pressure was lowered in a controlled manner, enabling the
measurement and management of produced gases, fluids, and solids, at
pressures both above and below the dissociation pressure of native CHs-
hydrate. Ignik Sikumi #1 flowed for approximately 30 days, at rates as high
as 175,000 scf/d. During the final phase of drawdown testing, gas rates
steadily increased from 20,000 scf/day to 45,000 scf/day while significantly
exceeding both the duration and the cumulative gas recovery of prior field
testing programs. Finally, water and fine formation sand were liberated as
by-products of dissociation, and the production of both were efficiently
managed as the test progressed. To complete this test safely and efficiently
under Arctic winter conditions, during which temperatures dropped below
-50° F and wind chills exceeded -80° F, required a dedicated and well-
coordinated Ignik Sikumi project team.

Next Steps

The project team is currently checking and validating the field data, after
which the final quantification of time-series downhole pressures and
temperatures synchronized to gas and fluid flow rates and chemistries
will be available. These data, in conjunction with the various associated
pressure and temperature datasets from sensors installed in the well, will
then be analyzed to interpret the nature of the various processes that
occurred during the test. These data will also be made public via the NETL
website, so that all research groups with an interest in studying the in-situ
behavior of gas hydrate reservoirs may use the data. Please continue to
check the website for further updates.




OceaN WARMING AND METHANE HYDRATES IN THE
ARcTic OCEAN

By Arne Biastoch, Tina Treude, and Lars H. Riipke (Helmholtz Centre for Ocean Research Kiel
[GEOMAR])

The global methane hydrate inventory forms a vulnerable constituent
of the global climate system. Although currently bound in solid form in
sediments below the seafloor there is a risk that changes in the oceanic
conditions could cause the methane to outgas into the open ocean
and potentially reach the atmosphere. Being a potent greenhouse gas,
methane would then further amplify global warming.

Owing to high pressure and cold temperature conditions methane remains
in stable hydrate form below 300 m water depth (Tishchenko et al., 2005);
any changes in sea level and/or deep oceanic warming could cause a
transition from the hydrate into the gas phase, therefore would allow
outgassing into the overlying ocean. Since the current and near-future
evolution of sea level rise remain in the range of few decimeters (Church et
al., 2011), it is mainly the warming of the mid-depth and deep oceans that
has the potential to significantly alter the stable conditions of methane
hydrates.

Evidence for methane outgassing has been reported for the Arctic Ocean
(Westbrook et al., 2009), a region that stands out with highest temperature
changes in global warming (Solomon et al., 2007). The observations of
methane bubbles caused media hype but did not necessarily promote a
serious scientific discussion (Kerr, 2010). Nevertheless, it remains likely that
any impacts from climate-driven gas hydrate instability would occur first in
the sensitive environment of the Arctic Ocean.

In a multi-disciplinary approach (Biastoch et al., 2011), the future evolution
of methane hydrates bound below the Arctic Ocean was estimated using
a combination of numerical models, covering an ocean/sea-ice hindcast of
the past decades (Figure 1a), a coupled ocean/atmosphere climate model
of the next 100 years (Figure 1b), a geophysical model (Figure 1c), and

a geochemical calculation (Figure 1d). Using an ensemble set of global
warming scenarios the evolution of near-bottom oceanic temperatures
was projected for the next 100 years (Figure 1b). The resulting warming
appears spatially inhomogeneous, mainly determined by the inflow from
the Atlantic Ocean due to the intrusion of warmer waters through the Fram
Strait; this warming is strongest in shallow and mid-water depths.

The increased temperature would act to potentially shift methane hydrates
around 500 m depth into the gas phase (Figure 2). However, since heat
only slowly progresses from the ocean into the sediment, a corresponding
simulation of the gas hydrate stability zone (GHSZ, Figure 1c) simulation
shows that the reduction of the solid phase is limited within the next 100
years. Within that time span the amount of released methane (if allowed to
reach the atmosphere through the water column) is small. On longer time
scales, though, due to the inertia of the ocean and the delayed intrusion




Figure 1: Maps of the Arctic Ocean for
(a) time-mean (1985-2004) bottom
water temperatures (in °C) in the ocean
model, (b) temperature trend (in °C

per 100 years) in the climate model
simulation under CO, increase, (c)
resulting changes in thickness of the
GHSZ (in m) caused by the temperature
increase, and (d) changes in pH due to
the release of 50% of the methane from
hydrates within the first 100 years and
distributed over the first 100 m above
the bottom. (Adapted from Biastoch et
al., 2011)

Figure 2: Phase diagram of methane
hydrate as a function of pressure and
temperature (constant salinity of S = 35
p.s.u.). Open symbols mark the bottom
water temperatures along the European
Nordic Sea (cycles) and Russian
(squares) slopes in the present climate
run, closed symbols the shift due to the
greenhouse warming experiments with
the coupled climate model. (Adapted
from Biastoch et al., 2011)
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of heat into the sediments, the process of methane release is irreversible
and will continue, even long after the global warming has stopped. On
millennial time scales, such persistent methane release has real potential to
significantly alter the climate system.

Despite the limited amount of released methane within the next century,
it is large enough to cause ocean acidification and oxygen depletion of
the near-bottom ocean. An exact quantification remains difficult, e.g.

due to the unknown amount of methane consumed by microbes in the
sediment. The liberated amount of methane entering the water column

is then utilized by microbial aerobic oxidation, converting methane with
oxygen into CO, impacting oceanic pH. Due to the assumed limited
horizontal mixing with ambient water masses, the resulting acidification
pattern (Figure 1d) is similar to the GHSZ reduction (Figure 1c) and remains
regionally focused, with increased pH values up to 0.25. Since the source is
located in the sediment, this acidification pattern is clearly separated from
the atmospheric-related input of CO, and acts on top of the acidification
entering the ocean through the surface.

An important finding of the study is that warming and resulting methane
release are strongly inhomogeneous and concentrated along the shelves.
In particular, the circulation in the warming Atlantic Ocean and the
exchange with the Arctic Ocean will play a major role in the fate of Arctic
gas hydrates.




MEeTHANE DYNAMICS ASSOCIATED WITH LONG-TERM
CLIMATE CHANGE ON THE ALASKAN BEAUFORT SEA

INNER SHELF

By C. Ruppel’, L. Brothers', P. Hart', C. Maue?, J. Pohlman’, J. Kessler?, K.J. Sparrow?,
and C. Worley'

'U.S. Geological Survey, Woods Hole, Massachusetts, USA

2Stanford University, Stanford, California, USA

3Texas A&M University, College Station, Texas, USA

It is estimated that less than 1% of the global gas hydrate inventory
occurs within or beneath permafrost. The top of the gas hydrate stability
zone in areas of thick permafrost typically lies at greater than 200 m
depth, and studies have shown that these permafrost-associated gas
hydrates are stable for millennia under various realistic climate warming
scenarios. The subset of permafrost-associated gas hydrates that occurs
on shallow, unglaciated, circum-Arctic Ocean shelves lies at the same
depths, but prevailing conditions render these gas hydrates far more
susceptible to warming-driven dissociation. In these areas, sea level rise
since Late Pleistocene time has led to inundation and sustained warming
of thick permafrost that was formerly at the ocean’s edge. The result has
been thawing and landward retreat of the subsea permafrost, increased
microbial methane production in newly thawed sediments, dissociation
of the gas hydrate within and beneath the former permafrost zone, and
dramatic thinning of the remaining permafrost on the most recently
inundated areas on the inner shelf. The most advanced studies of these
issues have been conducted on the East Siberian Arctic Shelf (ESAS)

The Alaskan Beaufort Sea shelf is an analogous setting to ESAS, but has

a different morphology and inundation history. With support from DOE,
the USGS Gas Hydrates Project has adopted a two-pronged approach

to studying the interaction of climate change, relict permafrost, and gas
hydrates in this area. One component focuses on compiling a regional
map of subsea permafrost based on the analysis of 1970s-era seismic data
supplemented by legacy borehole logs. DOE-NETL's Methane Hydrates
R&D Program currently supports L. Brothers as a NRC/DOE postdoctoral
fellow to work at the USGS Woods Hole Science Center on this activity.
The new map provides clues about the probable distribution of intact and
possibly dissociating gas hydrates offshore. The second component of the
research focuses on verifying the subsea permafrost map and acquiring
new geophysical and geochemical data during research cruises in August
2010 and 2011. When combined with the long tradition of research on
Alaskan North Slope gas hydrates and permafrost, these new activities
form a foundation for possible scientific drilling across the Beaufort shelf
and upper continental slope in the future.

The 2010 and 2011 cruises focused on the central Alaskan Beaufort shelf
between Cape Halkett and Prudhoe Bay (Figure 1), including Harrison
Bay, the submerged part of the Colville River Delta, and the barrier




island chain. Water depths are less than 10 m and barely exceed 1.5 m

in nearshore areas and around the barrier islands. These shallow water
depths, coupled with inferred low sedimentation rates and the absence of
base Holocene strata, imply that the inundation from rising sea levels has
occurred only within the last few thousands of years.

The USGS cruises were carried out on the MMS (now BOEM) launch 1273
in 2010 and the R/V Ukpik in 2011. Both are shallow draft (~1.5 m) small
(14-16 m) ships, with berthing to accommodate several scientists for a
week or more. In 2010, we collected simultaneous Edgetech SB-424 Chirp
imagery (4-24 kHz sweep), SIG 2mille mini-sparker data (800 Hz center
frequency, operated at 200 J), and multi-frequency (83/200/455 kHz)
Humminbird fishfinder imagery of the water column and seafloor along
~185 km of tracklines in Harrison Bay. The sparker (Figure 2) was chosen
in place of seismic guns due to sensitivities about subsistence activities
in this area. The tracklines for the new geophysical data coincide with

the positions of legacy seismic lines analyzed to produce the regional
subsea permafrost map. We also deployed a single sonobuoy in 2010 and
recorded the sparker data at offsets of up to 1 km. In 2011, we collected
an additional ~175 km of data and replaced the Humminbird fishfinder
unit with the SEA Swathplus-M 234 kHz interferometric sonar, which
generates sidescan imagery and precise bathymetric data. The 2011 data
were collected throughout the study area and on both the seaward and
lagoonal sides of the barrier islands. Tracklines were chosen to cross the
subsea permafrost to no permafrost transition numerous times.

Figure 1: The 2010 (blue tracklines) and 2011 (pink tracklines) cruises acquired geophysical imagery in the nearshore area of the Alaskan
Beaufort Sea shelf from Cape Halkett to Prudhoe Bay. Colored symbols partially overlying the pink tracklines denote relative raw methane
concentrations measured by the CRDS in 2011. The star denotes the location of the BPXA-DOE-USGS gas hydrates stratigraphic test well
completed in 2007. The white curve is the minimal extent of subsea permafrost in the offshore as determined from an analysis of legacy pre-
stack seismic data.




The Chirp data constrain the fine details of near-seafloor strata at
nominal 4-8 cm resolution, and the sparker data provide penetration
greater than 100 m and resolution of tens of centimeters. The Chirp data,
which imaged more than 3 m below the seafloor in most areas, reveal
widespread gas charging of near-seafloor strata, as shown in Figure 2a.
Both variations in lithology (e.g., sands vs. silts) and the degree of ice
scouring affect the shallow gas distribution. The source of the shallow
gas remains uncertain, but the seismic data provide no clear evidence
that these gassy zones are supplied by deeper gas, as would be expected
if dissociating methane hydrates were contributing. The sparker data
(Figure 2b) captured seaward-dipping, ice-bonded sediments within the
Sagavanirktok Formation in the southern part of Harrison Bay at depths
consistent with refractions interpreted as subsea ice-bonded sediments
in the legacy seismic data. Seafloor imagery recorded by the Humminbird
fishfinder and the Swathplus system shows widespread ice scouring
throughout the study area. Pockmark-type features were identified in

Figure 2: (a) Chirp line from Harrison Bay showing landward-dipping beds and shallow
gas-charged sediments, with underlying gas interface. (b) Mini-sparker data imaging the
unconformity at the base of the Gubik Formation and seaward-dipping reflectors within the
underlying Sagavanirktok Formation. These reflectors correspond to high velocity refractions
identified as ice-bonded lithologies in the legacy seismic data.
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southern Harrison Bay and seaward of the Colville River Delta, but there
was no evidence for active venting of gas during the time of our surveys.

For the 2011 cruise, the USGS collaborated with J. Kessler from Texas A&M
University (TAMU), who was funded by the National Science Foundation,
to measure real-time seawater methane concentrations along tracklines
where geophysical data had been collected. These measurements relied
on cavity ringdown spectroscopy (CRDS), not methane sniffers or gas
chromatography on recovered water samples. Both the USGS and TAMU
brought Picarro CRDS units with customized seawater equilibrator
systems built according to a design by S.Yvon-Lewis. Seawater CH,

and CO, concentrations, along with occasional atmospheric data, were
recorded every few seconds along 75 km of tracklines that crossed the
transition from subsea permafrost to no permafrost several times. Figure
1 shows the qualitative variation in the raw methane concentrations
recorded by the USGS CRDS.

Several new approaches will be required to determine whether the
dissociation of gas hydrate associated with thawing subsea permafrost
contributes methane to the water column and/or atmosphere in the
Alaskan Beaufort area. First, the contributions of various methane sources
to seawater and atmospheric methane must be unraveled using isotopic
and other techniques, and the sediment and water column methane
sinks should be quantified. Second, complementary geophysical methods
might be used to provide better constraints on the distribution of
contemporary subsea permafrost.
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GEOHAZARDS AssSOCIATED WITH NATURALLY-OCCURRING

GAs HYDRATE

By Ray Boswell (US DOE), Tim Collett (USGS), Scott Dallimore (Natural Resources —
Canada), Matthew Frye (US BOEM)

The impetus to study naturally-occurring gas hydrates has historically
been related to understanding three primary issues: 1) energy
resource potential; 2) implications for a range of global environmental
processes, such as long-term carbon cycling and climate change; and
3) association with various “geohazards”. While much of the published
literature on gas hydrate in nature has focused on the first two issues,
we would like to provide a brief summary of the third. We define the
term “geohazard” to encompass any natural condition that has the
potential to add significant costs and/or risks to human activities and
have grouped geohazards into two categories; “naturally-occurring”
geohazards that emerge wholly from geologic processes and
“industrial” geohazards that represent latent natural hazards that may
be directly triggered by human activities (Figure 1).

Naturally-occurring Geohazards

Submarine landslides and slope instability: The presence of gas hydrate
increases the mechanical strength of the sediment within which it
resides. Dissociation of that gas hydrate releases free gas and excess
pore water and can substantially reduce the geomechanical stability of
the affected sediments. Natural phenomena such as pressure decline
due to sea-level drop or temperature rise due to changes in climate or
oceanic conditions, can create intervals of potential sediment weakness
that could contribute to both large scale shelf-slope failure (see Grozic,
2010) or more localized zones of instability. The association of large-
scale mass wasting events to the dissociation of gas hydrates has been
a topic of interest over the past decade with a number of extensive
field investigations being conducted, including the Storegga (offshore
Norway: Kvalstad et al., 2005) and Cape Fear (U.S. Atlantic Coast:
Hornbach etal.,, 2007) slides. To date, these studies have not confirmed
a significant role for gas-hydrate dissociation. While the case for major
past episodes of globally-synchronized, gas hydrate-related, seafloor
failures remain poorly supported with available data, gas hydrate

likely does play a role in certain local seafloor failures (for example, see
Lopez etal.,, 2011). One environment of particular interest are shallow-
water shelves in the Arctic where gas hydrate is dissociating by thermal
warming associated with post-glacial marine transgression.

Large-scale gas venting: Gas venting occurs in many marine settings
with much of that venting occurring in a manner that would generally
not equate to a geohazard. However, areas of concentrated pockmarks
and associated gas “pipes” and “chimneys” are widely documented (see
Cathles et al., 2010), and the largest of these features may represent
locales of catastrophic, large-scale gas and sediment expulsion that
may, under certain circumstances, represent potential geohazards.




These events are possibly triggered by free gas accumulations that
exceed some critical overpressure at a horizon of reduced sediment
permeability, possibly at the base of the gas hydrate stability zone.
Catastrophic gas venting has been invoked to explain certain features
along the crest of the Blake Ridge, although subsequent detailed
examination indicated these as manifestations of sediment erosion
and sand-wave deposition (Holbrook et al., 2002). Perhaps the most
compelling evidence reported in the recent literature are the “pingo-
like features” observed on the shallow Beaufort Shelf, arctic Canada,
that have been interpreted to reflect gas and sediment expulsion
associated with ongoing destabilization of permafrost-associated

gas hydrate related to post ice-age shelf inundation (see Paull et al.,
2007). Many chimney-type structures are found to have a central core
of gas hydrate (Ryu et al., 2010) suggesting that gas hydrate formation
may have a role in mediating the flow of gas through such features,
although the processes are not well understood.
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“Industrial” Geohazards

“Industrial” gas hydrate-related geohazards relate primarily to oil

and gas production activities and can be categorized as 1) shallow
foundational issues related to the installation of infrastructure in
areas of surficial gas hydrates; 2) shallow drilling and well-installation
hazards that are encountered by wells targeting deeper horizons
(“drilling through”), 3) long-term hazards associated with producing
warm hydrocarbons from deeper zones through shallow gas hydrate-
bearing intervals (“producing through”), and 4) geomechanical failure
of reservoirs during production of gas hydrate-bearing intervals
(“producing from”). These hazards exist in both deepwater and
permafrost associated settings.
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Hazards to sea-floor infrastructure: Oil and gas production and
transportation infrastructure that is installed on the seafloor, such

as pipelines, can transmit various stresses, particularly heat, to the
shallow substrate. Should such facilities be placed upon surficial
hydrates (such as solid sea-floor mounds associated with vents), hydrate
dissociation could occur, leading to changes in sediment properties or
mass movements that could potentially damage those facilities. Such
hazards are effectively mitigated within industry by pre-development
shallow hazards surveys (for example, see Gharib et al., 2008) that detect
significant seafloor gas hydrate occurrences and enable them to be
avoided.
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Geophys Geosyst 8. Drilling through gas hydrate: Gas hydrates, like free gas and

overpressured water-bearing sands, are recognized drilling geohazards
both in the deepwater and in terrestrial areas with thick permafrost
occurrences. In deepwater, despite the drilling of thousands of wells
worldwide in areas where gas hydrate could occur (Smith et al., 2005)
there have been only a small number of reported and minor drilling
incidents (ex., Nimblett et al., 2005). Work conducted within the Gulf of
Mexico gas hydrate Joint Industry Project (the JIP) has confirmed that
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careful drilling fluid temperature control is sufficient to mitigate the
risk of gas hydrate dissociation while drilling through low-saturation,
shale-hosted gas hydrates accumulations (see Birchwood et al., FITI
v.8). Similarly, sea-floor gas hydrate mounds and thick gas-hydrate
bearing subsurface sands can be effectively detected and avoided with
existing shallow-hazard assessment methods. Perhaps the least well-
constrained gas hydrate-related drilling hazard may be those instances
where thick, highly-saturated, gas hydrate-bearing sands at the base
of the hydrate stability zone hinder the detection of underlying free
gas hazards (McConnell et al., 2012). In arctic settings, gas hydrate
typically occurs at high concentrations in sand reservoirs both within
and below permafrost. Arctic gas hydrate has been associated with a
small number of well control incidents, most notably the 1992 Cirque #1
well in Alaska, where efforts to control a gas flow from deeper sources
prior to placement of shallow well casing likely promoted dissociation
of shallower gas hydrate-bearing zones (Collett and Dallimore, 2002).
Subsequently, drilling protocols have emerged that enable safe drilling
to occur. Drilling on shallow-water Arctic shelves, where permafrost
and gas hydrate are actively degrading in response to recent shelf
inundation by rising sea-level, will likely require managing similar
drilling hazards. In both arctic and deepwater settings, once a gas-
hydrate-bearing section is penetrated, well casing must be set and
cemented, which can impart additional thermal stresses, a hazard that
can be mitigated using low-heat-of-hydration cements (Collett and
Dallimore, 2002).

Producing through gas hydrate: Successful deepwater or arctic
exploration wells must enable the long-term production of warm fluids
through the shallow sections of well-bores that may be enclosed by
gas-hydrate-bearing sediments. This production will impart thermal
stresses that can lead to gas hydrate dissociation and sediment
physical property changes including strength reduction. Under some
circumstances, this can result in strains that lead to potential casing
damage (Moridis and Kowalsky, 2007) or development of conduits

for gas migration outside casing. For a recent industry development
offshore Malaysia, numerical modeling calibrated with pressure-core
and log-derived data indicated that heat transfer from producing

well bores would generate a dissociation front within low-saturation,
clay-hosted gas hydrate deposits that could advance from 60 to

90 m from the center of a six-well cluster during a typical 30-year
production period (Hadley et al., 2008). Measures such as well-bore
insulation were determined to mitigate, but not eliminate the hazard.
Silpngarmlert (FITI Vol. 10, Iss. 3) has reported on the thermal impacts of
oil production on overlying high-saturation, sand-hosted gas hydrates
on the Alaska North Slope. Additional research is clearly needed on this
topic.

Producing from gas hydrate: Given the lack of field tests of hydrate
production, very little is conclusively known about the geomechanical
responses of gas-hydrate-bearing reservoirs and associated seals to
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Figure 1: Overview of general locale and nature of gas-hydrate related “naturally-occurring” and “industrial” geohazards




hydrate dissociation and gas production. Unique production hazards
for marine gas hydrates are likely to be due to the relatively shallow
occurrence of producing horizons. These reservoirs will typically be
highly unconsolidated in their native state (i.e. without gas hydrate) and
overlain by relatively soft, unconsolidated mud-dominated sediments.
Therefore, the geohazards associated with potential gas hydrate
production include wellbore collapse from sediment mobilization,
seafloor instability and surface subsidence, and gas migration.

Work is ongoing to better understand these issues, including
preparations for baseline and monitoring studies before, during, and
after planned production tests (Nagakubo et al., 2010, FITI, v.10, Iss. 3),
as well as experimental efforts and coupling of the leading gas hydrate
production simulators with geomechanical codes. The relatively lower
formation pressures of gas hydrate reservoirs render catastrophic

well control issues unlikely in gas hydrate development as compared

to typical deepwater development. Modeling studies focused on
permafrost-associated settings have indicated hazards of the same
nature as discussed for deepwater gas hydrate settings, although the
potential for significant land subsidence is significantly reduced due

to the mechanical strength of the permafrost-bearing overburden (see
Moridis et al., 2011). Consideration of these geohazards are expected to
contribute to the focus of initial gas hydrate exploration and production
to the most geomechanically-stable settings, which include the more
technically-viable, deeply buried, sand-rich, accumulations (Boswell and
Collett, 2011).
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Figure 1: A) Measured grain size
distribution of the F110 Ottawa sand
used in this study. Solid symbols
represent sieve-based measurements,
the connected open green circles
represent measurements using a laser
diffraction system. The offset between
the laser and sieve results, caused by
the oblong nature of the sand grains
(inset) is an example of how different
techniques yield different results on
identical specimens [F110 SEM image
courtesy A. Palomino]. B) Typical
frequency response of a resonating
system. System resonates at frequency,
fc, used by Laboratories #1 and 2 to
calculate moduli and wave velocities.
The signal peak’s width at 0.707-height
can also be used to determine the
attenuation. C) P-wave, and D) S-wave
signals showing the waveform features
chosen by the given laboratory groups
to calculate wave velocities. For
additional details, see Waite et al., 2011
[Waveforms courtesy M. Rydzy].

OVERVIEW OF THE INTER-LABORATORY COMPARISON OF
WAVE VELocITY MEASUREMENTS IN SAND WITH GAS

HYDRATE AND OTHER PORE-FILLING IMIATERIAL
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The physical properties of gas-hydrate-bearing sediment depend on

the pore-scale and specimen-scale distribution of gas hydrate. These
distributions are controlled by the manner in which gas hydrate is grown

in sediment, meaning published measurement values can be significantly
influenced by how a test specimen is formed. Direct comparisons between
published results are further complicated by differences in the equipment,
experimental procedures, and analytic approaches used in each laboratory.

To help distinguish between major sources of specimen-, measurement-,
and analysis-induced uncertainties, eight independent research groups
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Table 1: Specimen and measurement parameters, listed according to increasing measurement frequency.

participated in an international comparison of laboratory compressional-
and shear-wave velocity measurements. Comparative tests were run on

sand packs constructed with F110 Ottawa sand with one of five different
pore-filling conditions: dry; 100 percent water-saturated; partial water
saturation with 20 percent of the pore space filled with water; partial ice
saturation formed by freezing the partially-water-saturated sample, or partial
hydrate saturation formed by pressurizing and cooling the partially-water-
saturated sample to form gas hydrate. The ice and gas hydrate formation
methods were chosen because they are rapid and produce grain-cemented
specimens with high wave velocities that generally yield clear wave velocity
signals. The study is summarized here in the text, with additional technical
details available in the tables and figures. A more complete presentation of
the study can be downloaded from the 7 International Conference on Gas
Hydrates website.

Specimen Nominal
Lab # Measurement Pressure’ Dr:ameter Specimen
Frequency Control (mm) Length
(mm)
.063-.277 kHz °
(Flexural Mode) . 139.2-
1 | 7
156-569 kHz®  SOtOPIC 0 139.9
(Torsional Mode)
.52-1.6 kHz°
2 (ExtensionalMode) |sotropic 38.1 76.2
.36-1.0 kHz °
(Torsional Mode)
3 20-28 kHz * Vertical 102 61-63
4 200 kHz Independent 50 100-110
5 500 kHz Isotropic 50.8 40.3-44.4
6 500 kHz Vertical 54 71.4-75
7 500 kHz Isotropic 25.4 20
5.6 or
1 MH Vertical 25.4
8 z ertica 5 6.5

:
Pressure control types:
Isotropic: horizontal stress = vertical stress

Vertical: rigid walls, horizontal stress = ko * vertical stress, ko = 0.45 for F110 Sand
Independent: horizontal and vertical stress independently controlled
* Measurement frequency is generally listed as the transducer frequency, but in the footnoted cases, values are the

actual measured frequencies.

Note 1: Laboratories #1 and 2 utilize resonance techniques, others utilize pulse transmission wave velocity
measurements. The resonance techniques combine the measurements of the two listed modes to determine the
compression wave velocity.

Note 2: Shear-wave signals are generated by bender elements in Laboratory #3; compressional and shear waves in

all other laboratories are made with piezo-electric transducers.
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In addition to the standardized set of five specimen types summarized
above, a standardized set of measurements and effective stresses were
used, and all tests were run using F110 Ottawa sand distributed to each
laboratory from a single batch (Figure 1A). Though test materials and
conditions were consistent across the groups, the measurement systems,
experimental techniques and analytical approaches were not (Table 1).
These differences led to observable differences in the measured results.
As suggested in Figures 1B, C, and D, there were two fundamentally
different wave velocity measurement techniques: (1) Resonance, and (2)
Pulse Transmission. In resonance measurements, a specimen is oscillated
over a range of frequencies. The frequency at which the specimen
responds with the greatest movement is the resonance frequency. From
this frequency and the resonance curve shape (Figure 1B), the stiffness
and wave velocity can be calculated for a test specimen of known
geometry and density. In the pulse transmission technique, a short
vibration is generated at one end of a specimen of known length, and
recorded when it arrives at the opposite end of the sample. Velocities
are calculated from the waveform arrival time (Figures 1C and D) and
specimen length.

The wave velocity results are plotted in Figure 2, and the primary
uncertainty sources are summarized in Table 2. Though this study
was motivated by physical property measurement variability for gas
hydrate-bearing sediment, the results are applicable to wave velocity
measurements in porous media regardless of the pore constituents.
For example, three key factors contributing to scatter in wave velocity
measurements are void ratio, heterogeneity and measurement
frequency, all of which must be considered even in the absence

of gas hydrate. Summarizing their effects illustrates the impact of
sample preparation and measurement apparatus on wave velocity
measurements.

A specimen prepared such that sediment grains are densely packed will
have a low void ratio, meaning the specimen has relatively little free
space and a relatively high wave velocity. Depending on the method

of preparation, the void ratio may not be constant throughout the
specimen, leading to zones of differing wave velocity. The impact of
this heterogeneity can be compounded depending on the pore-filling
material. For example, partial water saturation introduces additional
heterogeneity in the form of patches of 100% water-saturated porosity
that can form on ~200-500 um length scales.

Heterogeneities are particularly important in high-frequency wave
velocity measurements. Higher-frequency measurements are affected
by smaller-scale variations in a specimen, and megahertz-frequency
measurements can detect these ~200-500 um length scale patches as
stiff, high velocity zones that increase the apparent wave velocity of the
specimen as a whole. At high frequencies, the waveform oscillations
(Figures 1C and D) generate pressure in the water within each patch
that does not have time to dissipate, meaning each patch resists
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Figure 2: Compressional and shear wave velocity summary for F110 Ottawa sand. Specimen types are color coded according to
pore fill. Symbols are numerically coded L1 to L8 according to the laboratory designations in Table 1, and paired with the void ratio
for each specimen. To view the wave velocities in relation to the primary stress upon which the velocity depends, P-wave velocities
are plotted as a function of vertical effective stress, whereas the S-wave velocities are plotted as a function of mean effective stress,
the average of the vertical and horizontal stress. The same scales are used in each plot to facilitate comparisons between P- and
S-wave velocities.




Table 2: Summary of processes contributing to wave velocity measurement uncertainties.

Error in measured velocity — Estimate

Specimen Preparation

Packing Density

Specimen densities ranged from very loose to very dense.

e = void ratio
@ = porosity

The higher the density, the higher the skeletal stiffness and the lower the sensitivity
to the state of stress. Velocity differences due to packing density are more
pronounced at low effective stress and can reach 20%.

Spatial Variability

Inhomogeneous packing density causes an uneven or “patchy” distribution of
moisture, ice or hydrate. Inhomogeneous specimens tend to exhibit a lower velocity
compared to the homogeneous medium with the same volume-average mass
properties, except at high frequencies, when the measurement wavelength is less
than ten times the patch size and patches stiffen the material.

Degree of
Saturation

A minor deficiency in water saturation can cause a dramatic decrease in
compressional-wave velocity when the target water saturation is S,,100%, as
evidenced by the error in a reported data point in this study exceeding 50%. This
effect is more pronounced for low-frequency waves.

Device

Boundary
Conditions

The stiffness of uncemented sediments is stress-controlled. Strain-controlled
boundary conditions, such as in k,-loading, involve uncertainty in the state of stress.

Given a velocity-stress power equation V=ao , normalized errors in velocity &, and

stress g are related as &,=0-&

Frequency Content

For propagating wave measurements, the resolution in first arrival detection is a
fraction of the period, T, approximately T/20. For a travel time t, the error is
&=T/(20t). Therefore, higher errors are anticipated in short specimens and low
frequency measurements.

Piezoelectric transducers have complex directivity functions. In particular, all
transducers transmit both P and S-waves (including bender elements). This causes

Directivit . . . . . .
y uncertainty in the detection/selection of first S-wave arrivals. Errors can exceed one
period, therefore, the proportional error in travel time can be &T/t.
. Short specimens, low frequencies and large transducer size may lead to
Near Field P q & y

measurements in the near field and the need for cumbersome signal interpretation.

Execution and Interpretation

Loading-Unloading

Loading-unloading cycles have a minor effect on the packing density of sands.
However, they may have a pronounced effect on residual stress (in oedometric cells
with zero-lateral strain conditions) and sediment grain contacts via removal of

Cycles imperfections and roughness, systematically leading to higher stiffness. Applying
multiple loading cycles physically changes the specimen and should not be performed
to increase measurement signal quality.

Filters that invade the signal spectrum typically cause apparent early arrivals. Low

Filters Pass and High Pass filters must therefore be set far away from the signal spectrum so

they do not affect the signal, but only help to control noise.

Propagation Mode
(arrival time)

The complexity of identifying shear-mode propagation from complex signatures
increases when transducers have poor directivity. Torsional resonance and bender
element data (gathered in short oedometer specimens) can be reliably interpreted.

Calibration

A comprehensive analysis of results reported in this manuscript highlights the need
for careful calibration of devices used for elastic wave measurements.




compression, appears stiff, and consequently has a high wave velocity.
This “patchy saturation” effect decreases for measurements made at
lower frequencies that allow pressure in a patch to dissipate. The shift
from partially water-saturated to partially ice- or gas-hydrate-bearing
specimens further increases the impact of heterogeneity because the
stiffness and wave-velocity contrast between water-filled patches and
the surrounding gas-filled patches significantly increases when water
converts to ice or gas hydrate.

As summarized in Table 2, void ratio, heterogeneity and measurement
frequency are only three of many sources of uncertainty, but the
impact of the uncertainties listed in Table 2 can be minimized.
Specimen-to-specimen differences can be accounted for or evaluated
if published results clearly indicate critical parameters such as the
grain size, void ratio, state of stress and pore contents. Where gas
hydrate-bearing specimens are concerned, the method by which

gas hydrate was formed must also be carefully described in order to
capture both the pore-scale and specimen-scale distribution of gas
hydrate, both of which impact the overall wave velocity measurement.
Measurement and analysis uncertainties can be accounted for with
extensive calibration and a recognition that measurements at different
frequencies differ in their sensitivities to specimen geometry and
heterogeneity.

This study does not specifically address the impact of gas hydrate
formation mechanism on the measured wave velocity, but gas hydrate
formed from methane in the dissolved phase will have a lower overall
wave velocity than the grain cementing gas hydrates formed for this
study in water limited specimens. Additionally, it is anticipated that
gas hydrates may be distributed in a less uniform, patchier distribution
when formed from methane in the dissolved phase. Such specimens
are therefore likely to exhibit more wave velocity variability than the
cemented specimens utilized in this study.
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+ Announcements

UprDATE ON THE GULF oF MExico JOINT INDUSTRY
PRroOJECT

In 2001, the Gulf of Mexico Hydrate Joint Industry Project (JIP) partnered
with the U.S. Department of Energy (DOE) to investigate the implications
of gas hydrates in the deepwater Gulf of Mexico. The JIP includes Chevron,
ConocoPhillips, Japan Oil Gas and Metals National Corporation, Statoil,
Total, Schlumberger, Halliburton, Korea National Oil Company, Reliance
Industries Limited, and the U.S. Bureau of Ocean Energy Management.
Chevron manages the JIP and has a Cooperative Agreement with the DOE.

Highlights of this eleven year effort include two drilling programs (the
2005 “Leg |I” program: see FITI, Volume 5, Issue 3 & Volume 8, Issue 1; and
the 2009 “Leg II" program; see FITI, Volume 9, Issue 2 & Volume 9, Issue 3)
that have greatly advanced fundamental gas hydrate science and played a
pivotal role in advancing the understanding of gas hydrate drilling hazards
and the petroleum systems approach to gas hydrate exploration. As the
project moves toward its conclusion, the JIP and DOE have determined
that they will focus full attention on the development and testing of an
integrated suite of pressure coring and pressure core analysis devices with
research and development experts in the U.S. Geological Survey, Georgia
Institute of Technology, Aumann and Associates, Inc., Geotek and other
academic institutions and contractors. No other drilling programs will be
conducted.

GuLF oF MEexico JoINT INDusTRY PROGRAM LEG ||
ScienTiFic ResuLts VOLUME

Scientific Results of the Gulf of Mexico JIP's 2009 "Leg II" Logging-While-
Drilling (LWD) program are slated to be compiled in the June 2012, Issue 34
of the Journal of Marine and Petroleum Geology. The volume, co-edited
by Timothy S. Collett (USGS) and Ray Boswell (DOE-NETL), will contain 14
full-length papers that detail the geophysical/geological program that
guided the selection of the drill sites, describe the field operations, and
report on the scientific interpretations derived from the acquired LWD
data. Contributors to the papers include scientists from the National
Energy Technology Laboratory, the U.S. Geological Survey, the Bureau of
Ocean Energy Management, Columbia University, Schlumberger, and AOA
Geophysics.



http://www.netl.doe.gov/technologies/oil-gas/publications/Hydrates/Newsletter/HMNewsSummer05.pdf#page=9
http://www.netl.doe.gov/technologies/oil-gas/publications/Hydrates/Newsletter/HMNewsWinter08.pdf#page=1
http://www.netl.doe.gov/technologies/oil-gas/publications/Hydrates/Newsletter/MHNewsSpring09.pdf#Page=1
http://www.netl.doe.gov/technologies/oil-gas/publications/Hydrates/Newsletter/MHNewsSummer09.pdf#Page=1

+ Announcements

New Vipeo oN THE 2012 I6NIK Sikumi GAs HYDRATE
FieLp TRIAL

In a new online video, watch Rick Baker (DOE-NETL) and David Schoderbek
(ConocoPhilips) as they present an in-depth overview of the Ignik Sikumi,
Fire in the Ice, methane hydrates research field trial. This nine-minute long
video is available for viewing from the project web page at http:/www.
netl.doe.gov/technologies/oil-gas/FutureSupply/MethaneHydrates/rd-
program/ANSWell/co2_ch4exchange.html.

CALL FOR PAPERS - DEADLINES APPROACHING
AGU Fall Meeting 2012

Submission deadline for abstracts for the AGU Fall Meeting 2012 is August
8, 2012. Additional information regarding abstract submissions and the
meeting can be found online at http://fallmeeting.agu.org/2012/.

2013 Offshore Technology Conference

Submission deadline for paper proposals for the 2013 Offshore Technology
Conference is September 10, 2012. Additional information regarding
proposal submissions and the meeting can be found online at www.otc.
net.org/2013.

ICGH 7 Proceebings Now ONLINE

Proceedings of the 7th International Conference on Gas Hydrates (ICGH)
held in Edinburgh, Scotland, United Kingdom, are now available online.
The Conference featured over 550 papers and presentations from authors
from around the world. Over 600 delegates came together to exchange
information and to share their professional knowledge in the field of gas
hydrates. To access the Proceedings, please visit http://www.pet.hw.ac.uk/
icgh7/.



http://www.netl.doe.gov/technologies/oil-gas/FutureSupply/MethaneHydrates/rd-program/ANSWell/co2_ch4exchange.html
http://www.netl.doe.gov/technologies/oil-gas/FutureSupply/MethaneHydrates/rd-program/ANSWell/co2_ch4exchange.html
http://www.netl.doe.gov/technologies/oil-gas/FutureSupply/MethaneHydrates/rd-program/ANSWell/co2_ch4exchange.html
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TINA TREUDE

Professor, Helmholtz Centre for
Ocean Research (GEOMAR)

As for downtime, Tina says

that she doesn’t have a hobby,
because she “turned it into a
job, which is the nice part about
doing science, right? You get
paid for your hobby.” So, when
she is not working on her hobby,
she loves movies, and “spending
time with friends and family over
long dinners with tasty wine.”

Spotlight on Research

Answering the age-old question of “What do | want to be when |

grow up?” was never difficult for Tina Treude. An early fascination

with animals and oceans has guided her throughout her life. “l knew

| wanted to be a scientist since | was 7 years old. | was intrigued by
zoology and my parents encouraged this passion by letting me keep
any pet that | wanted. They also provided access to plenty of animal
books,” she recalls. “When | was 13, my family’s neighbor taught me
how to SCUBA dive. He also had a seawater aquarium with all sorts of
animals including a brittle star which | was allowed to feed. It was at this
time that | decided to become a marine biologist.”

Several years later, Tina graduated from Christian-Albrechts University
in Kiel, Germany with a diploma in Biology and received her PhD in
Biology from the Max Planck Institute for Marine Microbiology at
Bremen University in 2004. Tina returned to Kiel, where she is now the
leader of the Marine Geobiology team at Helmholtz Centre for Ocean
Research (GEOMAR). She spends her days “investigating all sorts of
microbial activity and biogeochemical processes in marine sediments.”
A current investigation topic finds her determining the effectiveness of
“marine methanotrophic microbes in reducing methane fluxes to the
atmosphere if gas hydrates melt due to global warming, especially in
sensitive Arctic regions.”

Tina's first contact with hydrates came during an expedition on the
German research vessel Sonne at Hydrate Ridge off the Oregon coast in
1999. “l participated as a student assistant to help with biogeochemical
analyses in the lab,” she shares. “I was fascinated by the ‘burning ice’
that was brought on deck and thought that | should get involved in the
study of it.”

It was also on the Sonne expedition that she experienced firsthand the
joy gas hydrate can bring to a cramped back deck. “When | was a PhD
student working on Hydrate Ridge, we sampled hydrates with a giant
TV-grab. | was standing on deck smoking a cigarette and watching the
grab come onto the deck. It was filled with big chunks of hydrates,”
she says. “Someone asked me to extinguish the cigarette, because

the atmosphere could ignite from the methane being released by the
melting hydrates. | quickly did so, but just a few seconds after, | saw a
colleague throw hydrates into a bucket, ignite them with a lighter, and
then take pictures of the flaming scenario. | guess, when it comes to gas
hydrates, scientists can sometimes become children again.”

Tina encourages aspiring hydrates researchers to “go out into the field
and see hydrates. Only then can they really grasp the concept of it.”
Being in the field is also one of the most rewarding aspects of research
for Tina. “l deeply enjoy being on the ocean and working with heavy
instruments.” The most frustrating aspect of research would be that
“we lose most of the hydrates and methane from our samples when we
bring them on board, because of the decompression,” she says. “This
makes it very hard to interpret data and that is why more and more
studies are made in situ, if technically feasible.”
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