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WELCOME TO THE ITM AND
THE ALASKA ENVIRONMENTAL STUDIES PROGRAM

Cleve Cowles, Ph.D.
Chief, Environmental Studies Section

MMS, Alaska OCS Region
3801 Centerpoint Drive, Anchorage, AK 99503

It is very gratifying to see so many of you here, considering the competition for this meeting. Some of you
from this part of the country are aware of only a couple of weeks ago we finished off the Fur Rendezvous
Sprint races and about nine days ago the Iditarod started. Folks in this town are just dog-tired and it is a
surprise to see you here. There is that great Alaskan spirit, bright-eyed, and bushy-tailed, out on the trail
and here. So welcome again.

My name is Cleve Cowles and | am the chief of the Environmental Studies Section for the MMS Alaska
OCS Region. The goals of our MMS Mission-oriented studies program are:

e To establish information needed for prediction, assessment, and management of potential effects
on the human, marine, and coastal environment related to Outer Continental Shelf oil and gas
activities,

e To enhance leasing, exploration, and development decisions by providing timely and
appropriately prepared information, and

e To monitor in order to detect changes in the quality and productivity of potentially affected
environments.

As you are aware the essence of the agency mission is to manage offshore oil and gas leasing,
exploration and development in an environmentally sound and safe fashion. The Environmental Studies
Program seeks to support that major mission of the agency in the ways listed above and in your packets.
Most importantly we are striving to obtain and move quality science in a timely and useful format and
approach in to MMS decision processes.

The specific goals of this meeting are to provide an exchange of the environmental studies program in
Alaska in an open forum, more particularly to provide an opportunity for priority users such as the Alaska
Region’s Environmental Assessment analysts and the public to refresh familiarity with the progress and
results of the various studies thereby enhancing the use of the information.

We also want to share and integrate information with that of other agencies and researchers, people who
know of things that are worthy of being brought in to consideration. Also, the purpose of a meeting such
as this is to obtain additional public input on the plans and processes that we use and that may be useful
to MMS in guiding this program.

In the past, | have used this introductory moment to talk about the various studies program
accomplishments since we last met. However, that information is easily accessible in a variety of ways, so
| won’t dwell on it at any great length. For example, recently the Arctic Research Journal of the United
States, Volume 18, Spring-Summer 2004 has seven pages that give a summary of the accomplishments
of the Alaska Environmental Studies Program. We have information on our website, and, of course, the
presentations at this meeting.

So I'll forego other details other than to say that the program continues to be very successful in achieving
these goals by staying focused on mission, seeking to do quality and timely science, in considering and
respecting local communities and their role in the studies process.



We also coordinate and cooperate with other research programs as much as possible, such as our recent
collaborations with the National Oceanographic Partnership Program, also known as NOPP, through our
cooperative agreement with the University of Alaska Fairbanks for the Coastal Marine Institute, and other
interagency activities within and outside of the Department of the Interior.

We appreciate the close coordination and collaborative spirit that these contacts provide as well as our
contacts with industry, with particular note of BP and ConocoPhillips who are receptive to the needs that
environmental studies researchers have for access and who provide matching funds for some projects.

Currently MMS supports more than 60 ongoing Alaska OCS studies in diverse disciplines, a major portion
of those are cooperatively funded. Many of these are co-funded and managed under the Coastal Marine
Institute. The CMI is a multi-year cost sharing agreement designed to obtain the benefits from the
University of Alaska’s world-class scientific expertise. We do have a number of other interagency
agreements with other research organizations offering capabilities in other needed areas.

Additional program information is available in the meeting packets. Speaking of accomplishments, please
see the list of recent Alaska reports. These are the number one product that we seek to obtain and
provide to the analysts who use them in their environmental assessment work. There is also a summary
of the list of the ongoing studies, some information on our study planning processes, a Focus Sheet on
our Environmental Studies Program. Also, there is a description of the Environmental Studies Program
Information System that is a web-accessible retrieval system. You can get our reports through that
system. There is also a comment form in your packet that can be used to capture your ideas about
possible hypotheses we might want to test or other suggestions. Please use those and feel free to drop
them off at the registration desk.

I would like to talk a little bit about our ongoing planning. First, we are in the process of, and currently
working from, a Fiscal Year 2005 Studies Plan which is available on the Alaska Region’s website. We are
implementing studies that are listed there as proposed new starts. We distributed that plan to 200
important stakeholder organizations for information and comment last September. Secondly, for your
information, | will be placing out on the table a list of study titles, staff contacts, and related draft study
profiles for what we are calling “New Study Considerations for Fiscal Year 2006.” It is a draft of concepts
that we have developed to date for likely inclusion in our FY 06 Plan, which will come out next
September.

Shown are the study titles and the name of the individual who is the staff scientist point-of-contact for
each study concept. If you would like to discuss the motivations or the architecture for a proposed project,
you need to contact those people. | would like to introduce them: Warren Horowitz should be contacted if
you are interested in the first study; Dick Prentki has a number of physical oceanography studies; Kate
Wedemeyer handles fisheries-type projects; which are the remaining FY 06 projects; Jeff Gleason has
interest in migratory birds, and Dee Williams is our sociocultural specialist. So if you are interested in the
nature of these proposed projects, those are the people you need to see.

There are a few special welcomes that | would like to mention this morning, some of whom are maybe in
absentia since they are recovering from the celebrations of Fur Rondy and the Iditarod. For those of you
who haven't met them, please take the time to speak to members of our Scientific Committee and
representatives of the Arctic Subcommittee of the Scientific Committee: Dr. Michael Castellini, Dr. William
Schroeder, and Dr. Lee Huskey. We especially want to welcome members of the Committee. The
Committee provides our program with advice on the appropriateness and the quality of the science within
the Environmental Studies Program, not only here in Alaska but also on the national level. So we thank
you very much for coming.

Also, Dr. Vera Alexander is here from the Coastal Marine Institute of which she is the director. We
appreciate very much the technical vision that Vera has brought to the Institute over the years. We are
entering our 13" year for the CMI. Dr. Alexander’s leadership has been supportive and helpful throughout
those years.

We also want to welcome members of the writing team for the Arctic Council’s project entitled
“Assessment of the Effects of Oil and Gas Activities in the Arctic” as a part of the Arctic Assessment and



Monitoring Program or AMAP. Included are national representatives of the United States, Norway, and
Canada. We wish you the best of results in your concurrent information exchange and discussions this
week.

We are also glad to see our colleagues from MMS headquarters: Ron Lai, Walter Johnson, Jeff Ji, Tom
Ahlfeld, Jim Bennett, and Lee Benner. It is nice to have all of you here.

| would also like to remind the principal investigators to confirm any project-specific meetings that your
COTR may have proposed. There is a meeting immediately following this meeting today on Physical
Oceanography integration.

Now about the meeting specifics: Each of these sessions is going to be chaired by one or more of the
MMS environmental studies scientists. They can be identified with their red nametags. Feel free to ask
questions of them and any of the presenters at the end of each presentation. We ask folks to be sensitive
to time so that everyone has a chance to ask questions. The session chairs will be watching the time to
help speakers and sessions stay on schedule.

If you have any particular needs related to the meeting, please see Kathy Mitchell with MBC Applied
Environmental Sciences who is the meeting support contractor and who manages the registration desk.
Tim Holder of the MMS Environmental Studies staff is also involved with the coordination of this meeting.
You can bring any matters to their attention.

That concludes my remarks. Now with great pleasure | would like to introduce Mr. Paul Stang, Regional
Supervisor for the Alaska Region’s Office of Leasing and Environment.

ALASKA OCS REGION ACTIVITIES
AND ENVIRONMENTAL ASSESSMENT PROCESS

Paul Stang
Regional Supervisor for Leasing and Environment

MMS, Alaska OCS Region
3801 Centerpoint Drive, Anchorage, AK 99503

Good morning. It is good to see so many familiar faces here. | looked over the agenda and it looks quite
interesting, a lot of good topics. | am sure with Cleve and his staff you will be in good hands. | want to
thank you all for coming. The talks for this ITM are quite important to give you an overview of what MMS
is doing. Not only in your particular area of interest, but that you hear each other’s topics so that we have
some integration. One of the key issues that the MMS Scientific Advisory Committee is concerned with is
making sure that everyone is talking to everyone else--the physical oceanographers are talking to the
biologists, etc. That is a key element. A lot can be gained by that type of cross-fertilization.

| would like to present an overview of the activities of the MMS Outer Continental Shelf program. Figure 1
shows the MMS OCS planning areas with which you are all familiar. We refer to the Final Outer
Continental Shelf Oil and Gas Leasing Program 2002-2007 for short as the Five-Year Program. It
includes Lease Sales proposed in the: Beaufort Sea in 2003, 2005, and 2007; Cook Inlet 2004 and 2006;
Chukchi Sea/Hope Basin (up to two Sales); and Norton Basin (one Sale). The later two areas are
interest-based Sales with annual calls. The most important planning areas are the Beaufort Sea and
Cook Inlet.

Rising in importance is the Chukchi Sea area, at least from the interest that we have been receiving.
Some of the other areas are of some question. For some this will probably be the last time you will hear
about them for five years.
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Figure 1. MMS OSC planning areas.

What drives the interest by companies is the potential of the area. The Environmental Studies Program is
shaped by the context of the areas of industry interest. One of our primary tasks is deciding which areas
to offer for lease and then provide the terms, which allow that. Should there be exploration and successful
development, then allow it to go forward in an environmentally sound manner. That is the focus.

To have a lease sale we need to have adequate environmental information. Typically, the environmental
information is a significant component of an environmental impact statement (EIS) or environmental
assessment (EA). To prepare and EIS or EA, we need environmental information that you, the scientists
and experts, produce.

So where is our current the focus? For the Chukchi Sea and Beaufort Sea, there is good potential, see
Table 1. Hope Basin, at least in the optimistic scenario for gas looks pretty good as does the Norton
Basin area. Remember those are the optimistic scenarios. The other side of those two doesn’t look so
optimistic here.

Table 1. Alaska OCS Hydrocarbon Potential for 2002-2007 Five-Year Program Areas. (Risked,
undiscovered, conventionally recoverable) Low to High Estimates (MMS 2000 National Assessment).

Planning Area Oil (billions barrels) Gas (trillion cubic feet)
Alaska OCS Total 17-35 55-227
Chukchi Sea 9-25 14-154
Beaufort Sea 4-12 13-63
Hope Basin 0-0.3 0-11
Norton Basin 0-0.2 0-9
Cook Inlet 0.3-1.4 0.7-2.5




So that is a good perspective to keep in mind as we look at areas in the future.

We are a little more than half way through the current Five-Year Program that ends in June of 2007. In
that program we have what are called “traditional sale areas” in the Beaufort Sea and Cook Inlet. In
Beaufort Sea and Cook Inlet there has been exploration and development. The development in Cook Inlet
has not been in federal waters but in nearby state waters. Of course, in the Beaufort, most of the
development is onshore and in state waters with a little in federal waters. So those are the areas where
we have held traditional sales that are ones where you go through a very rigorous process with an EIS,

etc.

In more speculative areas where there has not been production, interest tends not to be as strong. We
have developed area interest-based sales. MMS does this in a way not to make a big commitment of staff
resources to an area that has a low probability of industry interest. So a call for interest and information is
issued. If no one comes forward, we just stop. We then wait another year and issue another call. In the
current Five-Year Program for the Chukchi Sea we have a limit of two Sales using that process; in Norton
Basin, a limit of one sale. By following this procedure, staff resources are not wasted going through a

substantial environmental analysis for an area in which industry is not interested.

MMS has Beaufort Sea Sale 195 scheduled for March 30, 2005. We did a multiple-sale EIS for the three
Sales we have scheduled for the Beaufort Sea. The Beaufort Sea Program Area is illustrated in Figure 2.
We tiered off of the multiple-sale EIS with an EA which is much shorter. MMS finished and issued the EA
and public comment was received. | think that process worked quite well. We received comments from
the North Slope Borough, the Alaska Eskimo Whaling Commission, and Earth Justice. We also received a

number of public comments.
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Figure 2. Beaufort Sea oil and gas leasing activity.



[Post script: At the Sale on March 30 oil companies spent $46.7 million on winning bids on 127 blocks. Of
the total, Shell accounted for $44.4 million in bids on 86 blocks. Shell showed the most interest in a
discovery known as Hammerhead 60 miles east of Prudhoe Bay.]

An unexpected outcome of this process was that the State determined that a separate consistency review
was not required for this subsequent Sale. The State felt that the one consistency review at the multiple
Sale stage, when we first issued it, would be sufficient.

MMS has had ongoing dialogue with the North Slope Borough, the Alaska Eskimo Whaling Commission
and the IAupiat Community of the Arctic Slope for years, starting rather intensively in July 2003. So we
have had a series of discussions and letters about some of the areas of importance to these three
organizations. This series of discussions has been fairly productive. We have made a number of
commitments to things that we would do to meet some of the requirements that they have. | don’t think
that we have gone as far as they would like. But | think that we have gone fairly far and tried to make our
process more responsive to the needs that they have expressed.

Looking more closely at the Beaufort Sea, of course, most of the action historically has been on shore
and some in nearby waters. As far as MMS is concerned, the two projects of most worth are the
Northstar, which is the first and only area of production in Federal waters, and Liberty.

Even though Northstar Island is in State waters, there are three down-hole locations in Federal waters.
The wells are drilled directionally across the Federal-State boundary into the Federal OCS. MMS has
been leasing since 1979 and gathering a lot of money from industry in these Lease Sales, but so far the
only production has been the three down hole locations in Northstar. Figure 3 shows a photograph of
Northstar development just prior to production start in 2001. The Northstar location, illustrated in Figure 4,
is just south of the Federal-State boundary.

Figure 3. Northstar Island, looking north, September 2001. Production began in November 2001.
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Figure 4. Northstar and Liberty development areas.

BP submitted the Liberty development and production plan in 1998. In 2002 MMS completed the EIS and
BP decided to hold off and rethink development of the Liberty prospect. That is what BP has been doing
since then. This year they have indicated an interest in coming in with a new development and production
plan in about June 2006. The Liberty development site and one of the pipeline routes considered for
development are illustrated in Figure 4.

For Northstar, one of the most interesting things is the pipeline that comes all the way into shore and then
to existing pipelines. The Liberty development and production plan of 1998 had two options: a pipeline
that came straight to shore and one coming to shore in a southeasterly direction.

Basically, with Liberty, this issue was should you process on the island offshore or should you send the
three phase product (oil, gas, and water) to shore and process it there? If it is brought to shore and
processed, it would probably be at Badami or Endicott. In the next year or so we will see the answers to
those questions unfold, how the products will come to shore and whether it will be a buried pipeline or an
elevated one.

Earlier | mentioned the “special interest sales” for the Chukchi Sea, and Hope and Norton Basin. We have
annual calls for interest. We have had three such calls. The last one closes in May. It will be interesting to
see if industry is interested in Chukchi. Some companies have expressed some interest but we’ll see if
they will follow through with actual leasing.

These are frontier areas without production. A requirement of the special interest sales is a commitment
to drill by the eighth year. If they don'’t then they lose the lease. So if someone is interested, MMS wants
them to go ahead and explore. Industry leased some tracts in the Chukchi Sea over 25 years ago.



Industry did find some real evidence of gas there. But that is a pretty remote location and the economics
weren’t there to proceed. The price of gas and oil has gone substantially higher since that time.

In the Norton Basin, the prospects aren’t nearly as strong from a geological viewpoint, but there certainly
is local interest in use of gas there.

In Cook Inlet there has been a fair amount of production in State waters that supplies Anchorage and
other communities and some industries in the Nikiski area also with gas. But production is tapering off.

In Federal waters in Cook Inlet, we have had a number of Lease Sales. There have been a variety of
levels of controversy, some higher, some lower at other times. MMS completed a multi-sale EIS for Lease
Sales 191 and 199 in 2003. MMS had Sale 191 a little less than a year ago and no company expressed
interest. We have the same situation confronting us for Sale 199 scheduled for April 2006. We issued a
call for that Sale. There was some opposition expressed by the public, but no industry expressed interest.

So the question really before the Secretary of the Interior right now is “What do you want to do with this
second Cook Inlet Sale? Do you want to delay it?” That question is pending and we’ll hear the answer
soon. If the Sale goes forward, we would tier off of the EIS using an EA.

Figure 5 shows the Cook Inlet planning
area. There are two deferral areas T =
shown in green and in purple. Those
deferrals were requested rather
strongly by a number of Native villages
in the vicinity. Those were considered
in the multiple-sale EIS and were
picked for the first Cook Inlet Sale. Of
course, that is part of the Secretary’s
job to make those decisions if this
subsequent Sale 199 goes forward.

The current Five-Year program ends in
June 2007. Quite frankly, we thought
that we would have the Federal
Register notice out by the end of
December announcing the new Five-
Year program. There is a rather
elaborate process that is outlined in the
OCS Lands Act in Section 18. So you
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price of oil is going to be in five, ten, or 15 years. How they do that, | am never quite sure. Then they can
make their judgments about whether they should lease and where.

There is an estimated 191 trillion cubic feet (TCF) of gas with 82% of that in the Arctic. The Arctic portion
includes 64 TCF in Northern Alaska onshore, 32 TCF in the U.S. Beaufort Sea, and 60 TCF in the U.S.
Chukchi Sea.

Of course, another element is a natural gas pipeline. There have been 30 plus years of reinjected gas
sitting up there in the North Slope just waiting for a pipeline. So if you are going to be producing new gas,
that is you are looking today about producing gas, you have a 30 year supply just sitting there waiting to
be sent down the pipeline. Whether we get one or not, is always a question. As anyone experienced in
this area knows--we will know only when it happens.

In trying to look a litle more broadly than just our own litle world of MMS, the Bureau of Land
Management (BLM) is leasing in the National Petroleum Reserve-Alaska (NPR-A). MMS has assisted
BLM with the geological work, helped prepare EIS’s, and helped in the leasing process. So MMS has
worked in partnership with the BLM to assist them. | think at this point, they really are going to take it on
their own to a large degree, especially, in the environmental and leasing areas. We are always ready to
consult with them especially on the geologic work.

BLM held NPR-A Sales for the NE in May 1999, NE-2 in June 2002, and NW in June 2004. BLM is
planning a Sale for NE-3 for the summer of 2005. Of course, these aren’t the first Sales in NPR-A. There
have been Sales years back but nothing much came of those. There has been renewed interest. There
are industry representatives in the audience who can tell you far more than | know about all of this. NPR-
A stretches from the Colville River and Nuigsut on the east to the Chukchi coast on the northwest and
from the Arctic Ocean on the north to the northern foothills of the Brooks Range and Colville River on the
south.

The State a few years back decided to do annual area-wide Sales. The State of Alaska has held Lease
Sales on its lands that are both onshore and offshore within 3 miles of the seaward boundary. The State
held: North Slope Sales for the Foothills Areawide in May 2004 and Areawide in October 2004; Beaufort
Sea Sale Areawide in October 2004; and Cook Inlet Sale Areawide in May 2004. The State plans to hold
an Alaska Peninsula Sale Areawide in October 2005 or sometime thereafter.

Again welcome. | hope this meeting goes well. | know you are in good hands with Cleve and his staff.
Thank you very much.
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WATER AND ICE DYNAMICS OF COOK INLET
Mark Johnson', Ph.D., Andrey Proshutinsky?, Ph.D., and Steve Okkonen'?

"Institute of Marine Sciences, University of Alaska Fairbanks
Fairbanks, AK 99775, (907) 474-6933, Email: flifm@uaf.edu
2Dept. of Physical Oceanography, Woods Hole Oceanographic Institution,
Woods Hole, MA 02543, (508) 289-2796, Email: aproshutinsky@whoi.edu

3 (907) 283-3234, Fax (907) 283-3234, E-mail: okkonen@alaska.net

We have used a 3-D tidal model (Finite Volume Community Model — FVCOM) of Cook Inlet with spatial
resolution of 160 m near the coastline and 13 km along the open boundary to simulate the 8 major tidal
waves in this region (5 semidiurnal and 3 diurnal). Tidal data are from satellite-based archives of tidal
constituents for the Gulf of Alaska and Northern Pacific Ocean. Model results of the tidal elevations and
phases of the four major waves are in good agreement with observations.

To help validate the model and understand better the Cook Inlet tidal rips, more than 25 drifting buoys
have been deployed by Cook Inlet Spill Prevention and Response, Inc. (CISPRI) and others. Velocities
are computed using centered differences and the processed velocity data were converted to kinetic
energy. Contours of the highest energy are located east of Kalgin Island, along the middle rip. The energy
contours appear to align along the steep bathymetric slope.

Fronts are typically associated with convergence zones. In Cook Inlet, drifting sea ice tends to collect
along tide rip fronts thereby providing strong visual signatures for frontal locations. Radar backscatter
(brightness) from sea ice is typically larger than from open water. As a consequence, the ice edge
(frontal) location exhibits a relatively large spatial gradient in radar backscatter. Frontal locations identified
from nine SAR images acquired in February 2002, December 2003, January 2004, and February 2004
show that the greatest number of frontal features occurs in a zone extending southwestward from near
the West Foreland to along and beyond the eastern shore of Kalgin Island. This zone roughly
corresponds to the location of the West Rip and qualitatively agrees with the buoy observations and
model results.

Discussion:

Lie-Yauw Oey: You mentioned the Finite Volume Community Model has already been applied for wetting
and drying. Have you applied it to other areas, not here?

Mark Johnson: No. We have not done the wetting and drying problem. My understanding is that the code
has flags for wetting and drying. What we need to introduce are the actual boundaries of the mudflats, if
you will. So once you have those data, | understand we can just turn them all on and run that.

Lie-Yauw Oey: No. | mean not this area, any other areas, to test the scheme and application of your
model? Any other areas, not in Cook Inlet?

Mark Johnson: No.

Lie-Yauw Oey: So it’s not used before?

Mark Johnson: | have not used it before. C. Chen of the University of Massachusetts, who developed this
code, told me that the wetting and drying is in there and ready to run and it's been validated. | don’'t have
personal knowledge of that.

Unidentified: | have two questions. One is, your model, you haven’t turned on the rivers, is that correct? |

just want to make sure.
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Mark Johnson: Right.

Unidentified: Number two is, it is interesting that in looking at your drifter data that, it is my impression that
the drifters mostly stay in that area, especially those released east of Kalgin Island. Are they mostly
staying there? Over a long period of time, that’s what I'm trying to say.

Mark Johnson: Yes. That’'s my impression, too. They seem to converge into the rips and then track there
for days, if not weeks. If you put a drifter anywhere up here, it will sit there and just track back and forth. It
will be constrained to the rip until the wind event comes along, and then it will change regimes. That's a
reason to include winds in these models. It's a nice tidally-driven estuary until the wind blows.

OBSERVATIONS OF HYDROGRAPHY IN CENTRAL COOK INLET, ALASKA,
DURING DIURNAL AND SEMIDIURNAL TIDAL CYCLES
AND
PHYSICAL MEASUREMENTS AND SEASONAL BOUNDARY CONDITIONS
IN COOK INLET, ALASKA

Stephen Okkonen, Ph.D.

Institute of Marine Science
University of Alaska Fairbanks
Box 1025, Kasilof, AK 99610
(907) 283-3234, Fax (907) 283-3234, E-mail: okkonen@alaska.net

Dr. Okkonen was unable to attend. His talk was presented by Dr. Mark Johnson.

Surface-to-bottom measurements of temperature, salinity, and transmissivity, as well as measurements of
surface currents (vessel drift speeds) were acquired along an east-west section in central Cook Inlet,
Alaska during a 26-hour period on 9-10 August 2003. These measurements are used to describe the
variability of frontal features (tide rips), surface currents, and physical properties along this section during
semidiurnal and diurnal tidal cycles. The amplitudes of surface tidal currents are observed to be
proportional to water depth, that is, faster currents occur where the channel is deeper and slower currents
occur where the channel is shallower. It directly follows that laterally sheared currents occur over
bathymetric slopes. Convergence zones (fronts) are also observed to occur over bathymetric slopes. The
positions and strengths of these fronts vary with the semidiurnal tide. The presence of freshwater
promotes density-driven currents that alter the phase and duration of tidal currents across the section.
Where mean density-driven flow is northward (along the eastern shore and near Kalgin Island), the onset
of northward tidal flow (flood tide) occurs earlier and has longer duration than the onset and duration of
northward tidal flow where mean density-driven flow is southward (in the shipping channel). Conversely,
where mean density-driven flow is southward (in the shipping channel), the onset of southward tidal flow
(ebb tide) occurs earlier and has longer duration than the onset and duration of southward tidal flow along
the eastern shore and near Kalgin Island. Qualitative comparisons of bathymetry and proximity to
freshwater sources are used to infer characteristics of frontal features and surface currents at other
locations in Cook Inlet.

Discussion:
Unidentified: Has anyone done any ADCP surveys of this whole area?
Mark Johnson: Yes. | have done some ADCP surveys. The most interesting thing that they show is the

vertical velocity that you get from the ADCP shows that in the convergence zones, on an ebb tide, there is
measurable downward vertical velocity that comes back to the surface 5 to 6 kilometers away. It is like an
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internal deformation radius away. Then it comes to the surface so you get these vertical circulation cells
on top of the northward and southward structure that the previous two talks have focused on.

Michael Castellini: Mark, you made the point that the first drogues were set in 5 to 10 meters. Is anybody
working on the top meter, the areas that we are concerned about the oil flowing?

Mark Johnson: That’'s not something that we’re doing. My answer to that is that by validating the model
with tracking the 5 to 10 meter layer fluid you can test whether the model is working well. Then if you now
force a wind on that you can start to get the surface layer. Sue Saupe, who is director of the Cook Inlet
Regional Citizens Advisory Council, has in-kind support for this project and she buys our drifters. And |
think what I'm going to have her do is also buy, on top of what we have been budgeted, a few that are
undrogued and put them over by Drift River and just see where they go. And that will be just a little bonus
effort to address specifically that question.

HIGH RESOLUTION NUMERICAL MODELING OF NEAR-SURFACE WEATHER CONDITIONS
OVER COOK INLET AND SHELIKOF STRAIT

Peter Q. Olsson, Ph.D. and Haibo Liu, Ph.D.

Alaska Experimental Forecast Facility
University of Alaska Anchorage
2811 Merrill Field Drive, Anchorage, AK 99501
(907) 264-7449, Fax (907) 264-7444, Email: olsson@aeff.uaa.alaska.edu

It is common knowledge to mariners in Alaska’s Cook Inlet and Shelikof Strait (CISS) that there exist
small (mesoscale) wind and weather regimes that are not at all indicative of the large scale conditions
over the area. Indeed the near-surface winds can vary by 90 degrees or more from synoptic flow in
direction and be much stronger than would be suggested by large-scale pressure gradients. However, the
relative paucity of direct wind observations in this sparsely-settled region makes quantification of these
mesoscale phenomena unfeasible, however apparent they are to mariners and aviators traversing the
region at any given time.

The purpose of this project is to aid the understanding of these various wind regimes by using a high-
resolution numerical model of the atmosphere to simulate the three-dimensional weather in the region of
interest at a scale much smaller than that of current operational weather forecasting models. The results
of these simulations can then be used to quantify in detail the relative frequency of occurrence of these
small scale (O[10 km]) weather features, their duration, and the details of their horizontal and vertical
structure.

At the Alaska Experimental Forecast Facility (AEFF) we have been running the Regional Atmospheric
Modeling System (RAMS) in a multiply-nested forecast mode for the CISS region using a grid mesh of 4
km spacing. The model is run daily and is initialized using NCEP Eta model initial fields and forecasts for
initial and lateral boundary conditions respectively. The model is initialized at 00 UTC and integrated
forward for 36 hours with data writes occurring every hour. The model results are posted in graphical form
on the AEFF Weather Briefer’'s Page:

http://aeff.uaa.alaska.edu/wx_brief.html

and the various numerical fields are archived for future use by the AEFF and others interested in CISS
weather conditions.

This nested grid approach allows us to simulate the interaction of the large scale weather systems

(O[1000 km] with the extreme terrain variations of the CISS region that can vary dramatically on the scale
O[1 km]. The results reveal a variety of ageostrophic channeled and gap flows that have time scales
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ranging from a few hours to several days and spatial scales varying from several kilometers to the full
extent of Cook Inlet and the Shelikof Strait. Comparisons with satellite-borne Synthetic Aperture Radar
(SAR) wind speed retrievals shows that RAMS has the capability to faithfully reproduce several of the
wind features seen in the SAR images.

Discussion:

Lie-Yauw Oey: | have many questions. But just to start with this one, is the data available on your
website?

Peter Olsson: The graphics are available on the website. The actual numbers are not. You need to make
special arrangements.

Lie-Yauw Oey: Now, I'm curious about something. Those jets that you showed, are those topographically
driven? Like the Turnagain Arm jet?

Peter Olsson: Yes. The Turnagain Arm jet is definitely topographically driven. If you took all the
topography away, which you can do with the model, you still see, because of the pressure gradient
configuration, areas of high wind and areas of low wind, but they’re not confined to the various channels
like they are in the views that | showed you.

Lie-Yauw Oey: The satellite data, the SAR data you showed, are those SSMI satellite data?

Peter Olsson: No, it is Canadian SAR-SAT.

Leo Oey: And they have no problem close to the coast?

Peter Olsson: They have problems very close to the coast, but they do a pretty good job. They’re at about
a 400-meter resolution.

Lie-Yauw Oey: No. What I'm talking about is the interference with the land and all that. If | understand i,
SSMI has a limit of 25 kilometers.

Peter Olsson: No. | mean the images are definitely degraded for the obvious reasons close to the
coastline. But given the small pixel size, they are pretty good once you get a few kilometers away from
the coastline. | can’t tell you exactly, the exact number, but it's nothing like QuickSCAT winds.

Lie-Yauw Oey: That's my next question. Did you check with QuickSCAT?

Peter Olsson: We haven’t done any comparisons with QuickSCAT yet on this project.

Jeff Ji: | have a quick question about the cluster of computer you use. Here you have like a 27 CPU,
is that right?

Peter Olsson: That's right.
Jeff Ji: How much you speed up the model by using the clustered computers?
Peter Olsson: | would say on the 27 nodes we probably get about 16 times speed-up over a single node.

Jeff Ji: And do you need to do a special treatment to your code to make it use the multiple node
processes?

Peter Olsson: | didn’t do it. The RAMs code is available through the new public license, GPL. It already
has the parallel processing, the MPI code, built into it. So that's not something that we did specially
ourselves. We didn’t parallelize the existing code. We took code that already had parallelization in it. But
of course there’s a big step from getting the code to getting it to run the way you want it to.
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SEA ICE MODELING FOR BEAUFORT AND CHUKCHI SEAS
Matthew Pruis’, Max Coon’, Ron Kwok?, Deborah Sulsky®, Buck Schreyer® and Leif Toudal*

' NorthWest Research Associates, 14508 NE 20th Street, Bellevue, WA 98007
§425) 644-9660, Fax (425) 644-8422, E-mail: matt@nwra.com
Jet Propulsion Laboratory, California Institute of Technology,
4800 Oak Grove Drive, Pasadena, CA 91109
(818) 354-5614, Fax (818) 393-3077, E-mail: ron.kwok@jpl.nasa.gov
3 University of New Mexico, Department of Mathematics and Statistics and the Department of Mechanical
Engineering, Albuquerque, New Mexico, 87131
(505) 277-7425, Fax (505) 277-5505, E-mail: sulsky@math.unm.edu
* Technical University of Denmark, Qersted-DTU
Building 348, Jersted Plads, Lyngby, Denmark DK-2800
45 45 25 3791, Fax 45 45 93 1634, E-mail: Itp@oersted.dtu.dk

Dr. Pruis was unable to attend the meeting but we provide this summary because it is for an ongoing
study.

The objectives of this program are to implement, test, and validate a new sea ice dynamics model that will
treat the pack as elastic ice regions of ice that are delineated by regions of motion discontinuities, and
incorporate the correct frazil/pancake behavior in the marginal ice zone. We have developed a discrete
constitutive equation for predicting the initiation and evolution of motion discontinuities in Arctic pack ice.
Important features of the model are the ability to describe the direction(s), amount of opening across, and
shear along the discontinuities. The discontinuities may represent a single lead or sets of leads that
explain the divergence, compaction and shear of a region of ice. In the marginal ice zone, we are
developing an ice model in which new ice grows as frazil and pancake ice instead of sheet ice growth.
This is important along an advancing / freezing ice edge. Air temperatures along the ice edge are usually
moderated by the open water—a process that slows the growth of sheet ice. Substantial volumes of ice
can still be grown at these moderate air temperatures however, if the ice grows as frazil and pancake ice.
Ice production has a large effect on the rate of expansion of the first-year ice.

The pack ice model is based on an elastic-decohesion formulation. Thus far we have not included
plasticity in the model formulation. Unique aspects of this model are the ability to predict axial splitting
under uniaxial compression, to handle multiple discontinuities at a point, to predict modes of failure
according to the state of stress, and to incorporate pre-existing planes of weakness. Simulations have
been performed for a 250 square kilometer region in the Beaufort Sea, and compared with ice motion
data obtained from satellite-derived synthetic aperture radar. The frazil / pancake marginal ice zone
model has been formulated and validated by assimilating passive microwave data obtained from
satellites.
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SEA ICE-OCEAN-OILSPILL MODELING SYSTEM (SIOMS)
FOR THE NEARSHORE BEAUFORT AND CHUKCHI SEAS:
IMPROVEMENT AND PARAMETERIZATION (PHASE II)

Jia Wang, Meibing Jin, and Sheng Zhang

International Arctic Research Center, University of Alaska Fairbanks
Fairbanks, AK 99775-7335. (907) 474-2685, Fax (907) 474-2643, Email: jwang@iarc.uaf.edu

This three-year continued project aims at improving the existing high-resolution coupled ice-ocean model
using available observations and at investigating the fine structure of the ice and ocean circulation. The
improvements include 1) the Bering Strait opening that allows ~1 Sv throughflow into the Chukchi Sea, 2)
the extended nested boundary that is further from the nearshore Beaufort and Chukchi Seas, and 3) the
extended minimum depth from 10 m to 5 m. A parameterization of longwave radiation (Zillman 1972) is
added to improve the heat balance of the sea ice. The improved model was implemented in
supercomputers at the Alaska Region Supercomputing Center (ARSC). The modeling results will be
demonstrated.

To validate the model, we focus on a systematic model-data comparison. We are now processing Japan
Marine Science and Technology Center - JAMSTEC (matching funds) moored ADCP data in the Beaufort
Sea for the period from 1990-2000. Sixteen moored ADCPs have been collected, which allocated at
depths from 50 m to 200 m, and each spanning about one year. We have processed the data at several
stations. The results indicate 1) on the shelfbreak (less than 200 m), there is a persistent eastward flow in
the Beaufort Sea with average speed of 20 cm/s, 2) vertical structure of the eastward current tends to be
unstable due to unstable water column because the vertical shear is small, and 3) tidal current is weak.
The spectral analysis shows that strong variability occurs at time scales of about 10 days and 3-4 days,
indicating synoptic weather system contributes to the variations. The monthly mean circulation patterns at
different depths will be constructed based on the 16 moorings, which will be compared with our improved
version of the model.

Literature Cited:

Zillman, J.W. 1972. Isentropically time-averaged mass circulation in the Southern Hemisphere. Ph.D.
Thesis, University of Wisconsin-Madison. 205 p.

Discussion:

Lie-Yauw Oey: Can you just briefly describe JAMSTEC measurements and how you actually did all that
stuff?

Jia Wang: JAMSTEC they visit here every year, almost every year. They deploy and retrieve moorings.
Usually every year they put in two or three moorings. Because the International Arctic Research Center is
sponsored by JAMSTEC, we collaborate and have access to their data.

Lie-Yauw Oey: Other people can’t use their data?

Jia Wang: Even | cannot use the data without permission. | can use the data for data-model comparison. |
cannot use the data itself.
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SIMULATION OF LANDFAST SEA ICE ALONG THE ALASKAN COAST
Mark Hopkins, Ph.D.
Cold Regions Research Environmental Laboratory, U.S. Army Corps of Engineers

72 Lyme Rd., Hanover, NH 03755
(603) 646-4249, Email: Mark.A.Hopkins@erdc.usace.army.mil

The northern Alaska coastline is a region where the native Inuit population, non-native residents, marine
and terrestrial ecosystems are intimately connected to seasonal changes in the frozen landscape. The
traditional patterns of subsistence hunting, fishing, and whaling for the Inuit are tied to the cycle of growth
and retreat of the land fast sea ice. The migration of bowhead whales through coastal waters follows the
spring opening of the ice cover and the associated surge of biological activity. The opening of the ice
cover increases risks of coastal travel. Events such as ivu, when sea ice is driven onto the land, can also
be hazardous to coastal villages. Northern Alaska’s non-subsistence economy, driven in part by oil and
gas resource development and extraction from Prudhoe Bay and gas wells in the North Slope, is
constrained by the cycles of coastal sea ice. These activities provide revenue to the native corporations in
oil and gas leases, in addition to employment in these fields and associated economic activity. Access to
these regions by ship is constrained to the period of ice-free conditions off the coast. Delivery into Barrow
and other coastal communities of many products, including vehicles, snowmobiles, construction materials,
and packaged food, is accomplished by ship transport in the ice-free summer. To aid in the prediction of
the growth and movement of landfast ice and coastal sea ice it would be valuable to have a sea ice model
that was capable of explicitly resolving ice processes in the coastal zone including the growth and
grounding of landfast ice, the growth of shore leads, and the near-shore ice motion. The goal of this
project is to construct such a model.

At the Cold Regions Research and Engineering Lab
(CRREL) we have constructed a high-resolution
Lagrangian sea ice model of the Arctic basin that can
simulate the motion of individual ice parcels, the freezing
and fracturing of plates, the opening and closing of leads,
and the creation of pressure ridges. The model consists
of many thousands of individual floes that can freeze
together. The fracture pattern created by wind-driven
deformation defines a plate structure in the model ice
pack. When plates separate they form leads and when
pushed together they form pressure ridges. Pressure
ridging is incorporated via a parameterization based on
discrete element simulations of the ridging process. New
ice is grown in open leads. Thermodynamic ice growth
and melt are modeled using multiple thickness categories
each having its own vertical temperature profile. Wind
stress, water currents, temperature fields, and Coriolis
accelerations drive the model pack. To model the
seasonal growth and recession of landfast sea ice and
coastal ice motion along the north coast of Alaska we are
extending this basin scale model in the following ways. We have constructed a 50 m resolution data set of
the coastline from west of Barrow to east of Prudhoe Bay that resolves barrier islands, inlets, and oil
production facilities. We are increasing the model resolution in the coastal zone to 500 m at the shore
decreasing smoothly with distance from the coast to 20 km resolution at a distance of 300 km from the
coast. The same 20 km resolution is used over the central basin. We are adapting the results of explicit
simulations of the pressure ridging process to parameterize the growth of grounded and ungrounded
coastal ice pile-up processes. These parameterizations will be used in conjunction with coastal
bathymetry to explicitly model pile-up and grounding of ice along the north Alaskan coast. Finally, we will
adapt the ice model to use high-resolution coastal currents to capture detailed current driven ice motion.

vabs ) vrel - <fis
Figure showing the crack pattern and
plates produced by fracture in the model
pack.
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Discussion:
Lie-Yauw Oey: How thick was the ice?

Mark Hopkins: Again, this is not starting with a realistic distribution. This is something like two meters,
initially, but then the thin ice that's being created is ..., begins with open water. These big flaw leads,
there’s open water. So that black represents very thin ice that’s being transported up in here.

Lie-Yauw Oey: So the time scale for break-up is 40 days?

Mark Hopkins: No. This is just an on-going process. The variation is just your synoptic scale weather
forcing every few days. You're just seeing synoptic weather patterns going back, and coming through.

Tom Newbury: None of your simulations reproduce the very persistent lead that develops from Barrow
going east offshore. It must be that the ice against the coast is more fixed there. At any rate, there’s a
very persistent lead that develops each year, going east from Barrow that the bowhead whales follow
when they migrate north and east. In the simulation that you just showed, it shows all of the ice moving
west. And it must be that the nearshore ice is fixed somehow because year after year there’s a lead that
develops going from Barrow east over toward Canada. So it must be that that nearshore ice is fixed
somehow, that it shears out there.

Mark Hopkins: | agree. | think that that's probably the definition of the landfast ice we're trying to capture
here, that ice that is fixed.

Dong Ping Wang: Can you actually verify or see what the real ice should actually look like? We know
nothing about this whole field. Can you image the real world or some kind of way to see what all this ...

Mark Hopkins: Yes. Out in the central pack, some folks at JPL and the Alaska SAR facility have come up
with five or six years of data on motion in the central pack from the Radarsat imagery. But that's the
central basin motion. More related to this study are the landfast processes that Hajo Eicken at the
University of Alaska is working on. He is doing the same thing for the landfast ice zone from west of
Barrow almost to the Mackenzie River. And so that’s really what we’re going to be comparing over the
next years. He’s coming up with ice motion, very detailed ice motion for that region. And he’s going to talk
about that later.

Lie-Yauw Oey: This is very interesting. The first question | asked was about the time scale. Now, | was
thinking about, what if you have a uniform coastline, in other words, a straight coastline, filled with ice,
uniform thickness, two meters thick, and you blow a wind with shear. How long before the ice breaks up?
Mark Hopkins: That just depends how much wind fetch you’ve got.

Lie-Yauw Oey: What about coming from —

Mark Hopkins: It would happen fast, like within 24 hours.

Lie-Yauw Oey: A few days?

Mark Hopkins: No, less than that. You can get the whole basin into a steady state in about two hours.
Lie-Yauw Oey: So this is just due to the pure wind shear?

Mark Hopkins: Yes.

Lie-Yauw Oey: And one more question, you mentioned at the beginning of the talk, your model is different
from Hibler’s model?

Mark Hopkins: Right. That's a continuum.
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Lie-Yauw Oey: Yours is primitive?
Mark Hopkins: Right. It's primitive.
Lie-Yauw Oey: What is the difference then?

Mark Hopkins: Well, Hibler’s is a continuum model that depends on a yield surface, so it kind of averages
the ridging and lead-opening behavior into a plastic yield surface. My approach is to solve the
discontinuum equations and use Newton’s Law.

Andy Mahoney: You showed a picture where you had a distribution of points you initialized from, and
there was a gradient down from a very high concentration at the coast offshore. Well, it seems that you
might want a very high gradient or a very high concentration at the landfast ice edge too. And | think from
your picture it looked like that was really where the landfast ice edge is, that is where your concentration
dropped off. So you might to extend that out.

Mark Hopkins: It dropped off, but it was still about a kilometer.
Andy Mahoney: So, a lot better than anything else.

Mark Hopkins: Yes, that's a good point. | mean, | was going at this from kind of a blank slate, so | figured,
well, we’ll go from the shore out. But | think you're right. It would be better to go from the landfast ice edge
out. Of course, you don’t know where that is.

Andy Mahoney: In your timeline for research, you showed that you aren’t going to include grounding in
your model until later on. So what was holding the ice to the coast in that little animation you just showed
at the end? You had landfast ice there.

Mark Hopkins: The ice was frozen to the coast, but it's not grounded.
Andy Mahoney: You have bottom-fast ice in the model?

Mark Hopkins:....the coastline, a bunch of coastline elements, that define the coastline, and then there’s
ice that adjacent to that that’s, initially the whole thing’s frozen. So when you turn the wind on, the band
next to the coast stays frozen to the coast, and some distance from the coast you get the fracture
forming, or the lead forming, that you alluded to. So even though it's not grounded, it’s frozen to the coast.

Meibing Jin: | want to ask about how many properties do you define for each ice floe, i.e., the shape, etc.?
Do you increase or change the number of floes during your model run?

Mark Hopkins: Yes. | didn’t get into some of the details. Because it's a Lagrangian model, you have an
explicit lead, and that lead may be 10 or 20 kilometers wide at the coast, a very wide lead. So in order to
grow ice in that lead, you need to reinitialize the model, kind of reseed the model, so that you now have a
continuous distribution of these things over that lead and over the rest of the basin. So there’s a
reinitialization that | didn’t talk about. It reinitializes once a day, time steps on the order of, in this model,
about a tenth of a second.

Meibing Jin: Okay. For the ice floe, does every ice floe have a shape?

Mark Hopkins: Every ice floe has a shape, a velocity, and a thickness distribution, whatever property you
need to characterize it. Sorry, | didn’t go into the thermodynamics. There’s a thickness distribution, and
then each thickness in the floe has a vertical temperature distribution in order to grow ice and melt ice.

Meibing Jin: So when you are doing the ranging, do you also change the shape?

Mark Hopkins: No. | don’t. You could do that in principle, but it would add a little bit of a burden to your
computation. Since I'm reinitializing daily, I'm not losing too much by not changing the shape.

23



Meibing Jin: You have ridging. You have ice floes, like piling up? And so you reinitialize those so
everything has changed?

Mark Hopkins: Well, the ridging, when two polygons overlap, the ice in the overlap, the intersection, is
destroyed. That gets passed to the thickness distributions of the.... | guess we can talk about it later.
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A three-dimensional model with wetting and drying (WAD) capability has been developed and tested for
the Cook Inlet. The ocean model is based on the Princeton Regional Ocean Forecast System (PROFS)
version of the Princeton Ocean Model (POM), and the WAD scheme was previously developed in Oey
2005. Here we will present some idealized model results that test the WAD scheme, then some model
applications to the Cook Inlet forced by M2 tide. We show that with bottom friction values commonly used
in_coastal tidal models, the shallow-water system may be cast into a Burger's type equation for the total
depth D. For flows dominated by D (i.e., |grad(D)| >> |grad(H)|, where H(x,y) defines topography) a
nonlinear diffusion equation results, with an effective diffusivity varying as D*2, so that ‘dry' cells are
regions where ‘diffusion’ is very small. In this case, the system admits D = 0 as part of its continuous
solution and no checks are necessary. For general topography, and/or in the case of strong momentum
advection, ‘wave-breaking’ solution (i.e., hydraulic jumps and/or bores) can develop. These
considerations allow a simple WAD scheme in which “dry' cells are defined as regions with a thin film of
fluid O (cm). The primitive equations are solved in the thin film as well as in other regular wet cells. The
scheme requires only flux-blocking conditions across cells’ interfaces when wet cells become dry, while
‘dry’ _cells are temporarily dormant and are dynamically activated through mass and momentum
conservation. The scheme is verified against the above-mentioned diffusion and Burger's type equations,
and tested also for one and two-dimensional channel flows that contain hydraulic jumps, including a
laboratory dam-break problem. The scheme is then tested 