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ACCOMPLISHMENTS
Major project goals:

The project shall investigate the influence of sediment properties on the development and
dissociation of hydrate anomalies. This shall include the development of quantitative,
predictive models for the growth and dissociation of hydrate anomalies in response to
variations in environmental forcing and gas supply. In working toward this end, major
project goals include:

1. the analysis of solubility changes with pore geometry and hydrate
saturation in realistic, three-dimensional porous media using Monte
Carlo integration techniques;

ii. the development of numerical models for hydrate anomaly growth and
decay that use the solubility predictions as input and enable comparison
against available field observations; and

iii. the formulation of a model to treat segregated hydrate growth using an
extension to the formalism developed to describe frost heave.

The project shall examine how environmental change can cause the evolution of slope-
strength heterogeneities, such as those associated with the presence of hydrate anomalies.
The central hypothesis is that the stability of hydrate-bearing slopes will be affected when
they experience pore-pressure changes and consolidation triggered by environmental
change. In pursuing this line of research, major project goals include:

1. developing a numerical treatment of pore pressure evolution in response to
hydrate dissociation and consolidation that can a) incorporate the
solubility formulation discussed above, and b) use the Mohr-Coulomb
failure criterion in an infinite-slope stability model to approximate the
potential for failure; and

il. using a rate-and-state friction formulation to examine slope stability in
response to movement on finite slip-patches that correspond with hydrate
anomalies and localized changes in pore pressure and consolidation.

The project shall examine how flow and matrix instabilities can lead to the development
of gas-escape features in marine sediments. This modeling task will examine conditions
for the persistence and nucleation of solitary gas-escape features, and the spacing of gas-
escape features in pockmark fields. The over-riding motivation is the need to quantify the
potential for enhanced gas escape as a result of perturbations due to environmental
change. In working towards this end, major project goals include:

1. using a commercial finite-element package to examine the persistence of
gas transport through steady-state chimneys that penetrate the methane
hydrate stability zone, and subsequently extending this treatment to
examine potential mechanisms to excite flow and/or matrix instabilities
that lead to the development of such features; and

ii. developing semi-analytical models to examine the hypothesis that
pockmark fields develop from a convective instability tied to fluid flow
beneath the MHSZ.



Milestone Status:

The first milestone was reached as forecast at the end of quarter 2. Further efforts to
verify the accuracy of the solubility calculator are ongoing.

Milestone Status Report

Actual
Completion Verification Method Comments
Date

Planned

Milestone Title/Description Completion Date

further verification tests planned;
currently ~2.5D - improvements
needed for fully 3D

comparison against published

Solubility Calculator 30-Jun-14 30-Jun-14 data and idealized cases

Additional milestones will be added to the milestone status report in future RPPRs as
their forecast completion dates are reached.

Accomplishments under these goals:
We have made considerable progress towards meeting several project goals.

Project graduate student, Julia Irizarry, is working with the PI to examine the influence of
sediment properties on gas solubility within the hydrate stability zone. Julia has
developed a MATLAB code that is capable of generating 3-dimensional random
packings of spherical particles with prescribed particle-size distributions. The code can
take 2-dimensional slices through such a synthetic porous medium and calculate porosity
and specific surface area for comparison against empirical data with the same particle-
size distributions. At present, the solubility calculator evaluates 3D effects in calculating
both the influence of wetting interactions well after hydrate nucleation, and the onset of
hydrate nucleation in each pore, but it approximates the 3D curvature of hydrate-liquid
interfaces in crevices between particles using only one of the two principal radii of
curvature. Hence, the treatment is expected to fully capture 3D effects both at low and at
high hydrate saturations, but it may deviate significantly at intermediate saturations. Julia
has tested the code against the results of simpler 2D formulations, and found good
qualitative agreement with the results of freezing experiments using mono-dispersed
particles. Further efforts to compile data for more rigorous comparisons are ongoing.
Julia collaborated with the PI in writing a conference paper describing the solubility
calculator for the upcoming ICGH conference in Beijing.

Project graduate student, Alexander Handwerger, is working with the PI to examine how
slope stability within the hydrate stability zone can be affected by environmental change.
Alex has developed a preliminary model that determines the time over which a given
magnitude of consolidation must occur to cause a slope to become unstable. In late
March, Alexander presented this work in a poster at the Gordon Research Conference on
Natural Gas Hydrates in Galveston, Texas. He has since collaborated with the PI in
writing a conference paper describing his work for the upcoming ICGH conference in
Beijing. Most recently, Alexander has also begun developing models that highlight the
influence of rate-and-state dependent friction on slope stability.

Project graduate student, Brandon Vanderbeek, is working with the PI to examine the
conditions under which gas escape features can penetrate through the methane hydrate

4



stability zone and exit at the seafloor. Brandon has made excellent progress in using the
conservation laws to derive governing equations that describe water, methane, salt, and
heat flow. He has developed a working two-phase model for the coupled evolution of
dissolved gas, heat, salt, and hydrate in submarine sediments in response to a specified
advective supply through the lower boundary. Current efforts are focused on extending
this model to include a dynamic three-phase stability boundary and treat the evolution of
free gas concentration below.

In pursuit of the project goals, the PI has made contact with several groups of hydrate
researchers who may be able to provide empirical data to test some of our model
formulations. We anticipate that this will lead to one or more fruitful collaborations
during the proposal period.

Opportunities for training and professional development provided by the project:

This quarter, the project involved research activities by three graduate students under the
mentorship of the PI.

Dissemination of results to communities of interest:

Project results were communicated in two poster presentations at the Gordon Research
Conference on Natural Gas Hydrates in Galveston, Texas. In addition, the PI acted as a
discussion leader at that conference. In Galveston, the PI and project graduate students,
Alexander Handwerger and Brandon Vanderbeek, communicated with other conference
attendees and had many informal scientific discussions on matters related to the project
goals.

Project graduate students Julia Irizarry and Alexander Handwerger have each taken the
lead on writing conference papers for the upcoming International Conference on Gas
Hydrates in China, which will take place during the 3™ reporting period.

Plans during the next reporting period to accomplish project goals:

The project team shall continue to make progress toward the project goals during the
coming quarter in several different ways.

Project graduate student, Julia Irizarry, is continuing to test her solubility calculator
against empirical results from related problems involving partial ice saturation and partial
gas saturation. Julia has also begun to compile data on natural hydrate distributions, both
from Walker Ridge, and from other locales. The upcoming International Conference on
Gas Hydrates in China will provide an invaluable opportunity for Julia to interact with
members of the scientific community who have had a direct role in collecting some of
this data. Julia is familiarizing herself with the PI’s earlier published models on the
generation of gas hydrate anomalies at stratigraphic boundaries, and plans to modify
these treatments so that they can be tested against such field data.



Project graduate student, Alexander Handwerger, is continuing to develop a model for
perturbations to the stability of submarine slopes resulting from the compaction that is
expected when hydrate anomalies dissociate and leave sediments under-consolidated.
After presenting his most recent modeling efforts at the International Conference on Gas
Hydrates in China during the 3rd reporting period, Alexander shall begin preparing a
journal publication on this subject for the broader scientific community. In parallel with
this effort, he plans to continue to advance his treatment of the influence of rate-and-state
dependent friction on slope stability.

Project graduate student, Brandon Vanderbeek, is extending his idealized model for
hydrate accumulation. We expect these efforts to lead to a coupled treatment that can
describe behavior resulting from gas transport in localized zones where free gas, hydrate,
and liquid coexist.

PRODUCTS

Journal Publications: Nothing yet to report.
Books or other non-periodical, one time publications: Nothing yet to report.

Other publications, conference papers and presentations:

2 Conference presentations.

At the Gordon Research Conference on Natural Gas Hydrates in Galveston, Texas from
March 23-28, two project-related posters were presented. The PI was the sole presenter of
"Hydrate anomalies in heterogeneous sediments". Project graduate student, Alexander
Handwerger was the lead presenter, with the PI as co-presenter of a poster on "Submarine
landslides induced by environmental changes and hydrate dissociation along the
continental shelf". In addition, the PI acted as an invited discussion leader for a
conference session on "Gas Hydrate, Ice Cores and Climate".

2 Conference papers.

In preparation for the 8" International Conference on Gas Hydrates (ICGHS8-2014) in
Beijing, China, 28 July — 1 August, 2014, our group has submitted two papers to the
conference proceedings volume. The first is entitled “How methane solubility changes
with hydrate saturation, pore size and salt content in polydispersed media”, by Julia T.
Irizarry and Alan W. Rempel. The second is entitled “Environmental change, hydrate
dissociation, and submarine slope failure along continental margins: The role of
saturation anomalies in landslide triggering”, by Alexander L. Handwerger and Alan W.
Rempel.

Websites or other internet sites: Nothing yet to report.

Technologies or techniques: Nothing yet to report.

Inventions, patent applications, and/or licenses: Nothing yet to report.
Other products: Nothing yet to report.



PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS

Individuals who have worked on the project:

Name:
Project Role:

Nearest person month worked:

Contribution to Project:

Collaborated with individual
in foreign country:
Travelled to foreign country:

Name:
Project Role:

Nearest person month worked:

Contribution to Project:

Collaborated with individual
in foreign country:
Travelled to foreign country:

Name:
Project Role:

Nearest person month worked:

Contribution to Project:

Collaborated with individual
in foreign country:
Travelled to foreign country:

Name:
Project Role:

Nearest person month worked:

Contribution to Project:

Collaborated with individual
in foreign country:
Travelled to foreign country:

Alan Rempel
PI
0 academic month (rounded from 0.25)

Supervised project graduate students. Coauthored

two conference papers for ICGHS.

No
No

Julia Irizarry

Graduate Student

3 academic months

Model development for solubility calculator.
Lead author on conference paper for [CGHS8

No
No

Alexander Handwerger

Graduate Student

3 academic months

Model development for slope-strength evolution.
Lead author on conference paper for [CGHS.

No
No

Brandon Vanderbeek

Graduate Student

1 academic month

Model development for gas escape features.
Idealized treatment of hydrate accumulation.

No
No

Organizations involved as partners: None.

Other significant collaborators or contacts involved: Nothing yet to report.



IMPACT
Impact on the development of the principle discipline(s) of the project:

No peer-reviewed publications have yet been produced. However, two project posters
were presented at the 2014 Gordon Research Conference on Natural Gas Hydrates. These
posters both garnered significant interest and discussion. In addition, the PI acted as a
discussion leader for one of the conference sessions. The PI and both project graduate
students who were in attendance had several informal discussions about the project goals
and preliminary results with other hydrate researchers.

In the second reporting period, two conference papers were submitted and accepted for
the Proceedings of the 8" International Conference on Gas Hydrates (ICGHS-2014),
Beijing, China, 28 July — 1 August, 2014. After the conference we should be in a better
position to judge the impact of this work on the principle project discipline.

Impact on other disciplines: Nothing yet to report.
Impact on the development of human resources:

The project is an integral part of the training for three graduate students, who will include
portions of the project research in their theses.

Impact on physical, institutional, and information resources: Nothing yet to report.
Impact on technology transfer: Nothing to report.

Impact on society beyond science and technology: Nothing yet to report.

Dollar amount of the award's budget spent in foreign country(ies): Zero.
CHANGES/PROBLEMS

Changes in approach and reasons for change: Nothing to report.
Actual or anticipated problems or delays and actions or plans to resolve them:
Nothing to report.

Changes that have a significant impact on expenditures:

Each project component is proceding within the forecast expenditures. However, we have
been fortunate to recruit graduate student, Brandon Vanderbeek, to work on gas escape
features during year 1 of the project, whereas we had originally planned to delay
recruiting a graduate student for this purpose until year 2. The primary impact on
expenditures thus far is that the cost-share expenditures for student support from external
sources has been increased. In addition, some of the travel expenses planned for the
Gordon Research Conference took place during this quarter instead of next quarter, as
originally planned, and the PIs registration fees were waived as part of an invitation to
lead a discussion. Following fruitful discussions at that Conference, and anticipating the

8



potential for increased student costs with the early recruitment of the third project
graduate student, the PI will no longer attend the ICGH meeting in Beijing in July, but
project graduate students Julia Irizarry and Alexander Handwerger will still represent our

group.

Significant changes in use or care of human subjects, vertebrate animals and/or
biohazards: Nothing to report.

Change of primary performance site location from that originally proposed: Nothing
to report.

SPECIAL REPORTING REQUIREMENTS

The PI participated in a Project Kick Off Meeting on November 15, 2013 by web-ex with
the DOE Project officer and several additional DOE staff.

The PI is in regular contact by phone and email with program manager, Sandra McSurdy.
BUDGETARY INFORMATION

See the attached certified report from UO Sponsored Projects Services, and the attached
chart showing the Baseline Report. Form SP-424A broke the project budget for each one
year budget period into four equal quarterly divisions that did not account for the detailed
planned federal spending estimates provided in the PMP (Table 3) or the planned
distribution of time commitment by the project graduate students and the PI, or the timing
of conference travel. The modest variance in spending that is noted in the attached
Baseline Report is primarily attributed to the coarse nature of the spending forecast in SP-
424A, and is expected to average out over the remainder of the current budget period.
Other minor factors are discussed in section 5 on Changes above.

Note that the non-federal share of expenses reported for Q1 in this report has been
revised and corrected from that reported in the previous quarterly report (RPPR 1, dated
April 30, 2014). The PI made an error in calculating the non-federal cost share that
should be attributed to graduate student support. Sponsored project services personnel at
the University of Oregon have corrected this mistake and have agreed to track and supply
the PI with all budgetary information that will be provided in this and future reports.



Budget Period 1

Budget Period 2
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Baseline Report 01/01/14-03/31/14 04/01/14-06/30/14 07/01/14-09/30/14 10/01/14-12/31/14 01/01/15-03/31/15 04/01/15-06/30/15 07/01/15-09/30/15 10/01/15-12/31/15
Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative
Q1 Total Q2 Total Q3 Total Q4 Total Q1 Total Q2 Total Q3 Total Q4 Total

[Baseline Cost Plan
Federal Share 32,517 32,517 32,518 65,035 32,518 $97,553 32,517 $130,070 $36,683 $36,684 $36,684 $36,683 $276,804
Non-Federal Share 12,486 12,486 12,486 24,972 12,486 $37,458 12,486 $49,944 $5,449 $5,449 $5,449 $5,449 $71,740
Total Planned 45,003 45,003 45,004 90,007 45,004 $135,011 45,003 $180,014] $42,132 $42,133 $42,133 $42,132 $348,544
Actual Incurred Cost
Federal Share $47,118 $47,118 18,078 65,196 65,196 65,196
Non-Federal Share $9,958 $9,958 13,352 23,310 23,310 23,310
Total Incurred Costs $57,076 $57,076 31,430 88,506 88,506 88,506
Variance
Federal Share $14,601 $14,601 -$14,440 $161
Non-Federal Share -$2,528 -$2,528 $866 $866
Total Variance $12,073 $12,073 -$13,574 $1,027
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