Fairbanks Fodar

PO Box 82416 « Fairbanks * AK « 99708
matt@fairbanksfodar.com

20 August 2018

Bureau of Land Management

222 University Ave.

Fairbanks, AK 99709
bIm_ak_coastal_plain_seismic_ea@blm.gov

Dear BLM,

This letter is being submitted in response to your finding that the proposed 3D seismic work
covering the entire 1002 Area of the Arctic National Wildlife Refuge would have no significant
impact and therefore you are not requiring a full Environmental Impact Statement for this work.

I’ve spent 25 years studying the impacts of climate change on the landscapes of our polar
regions, 17 of those as a professor at UAF, and the last 15 of which | have been running the only
long-term field program within the Arctic National Wildlife Refuge studying climate-glacier-
ecosystem interactions from the continental divide to the coast (Nolan et al, 2011; Weller, Nolan,
et al, 2007; Delcourt, Pattyn, and Nolan, 2007). All of my career has involved the engineering
and development of new measurement techniques suitable for new cold region applications. My
PhD and much of my early career was focused on developing new seismic exploration
techniques in Alaska, Siberia, and Antarctica, as well as developing satellite remote sensing
techniques to measure depth of ground freeze and soil moisture, and much of my later career has
been developing airborne methods to measure topography at very high resolution and accuracy,
all in support of understanding cold regions landscape change and evolution.

While I am not opposed to conducting seismic work within the 1002 Area, | am opposed to
using the proposed seismic methods because they very clearly have significant impacts.
This spring and summer | have been measuring and documenting these impacts in the Pt
Thompson area -- impacts made by seismic work last winter by this same seismic company
proposing to use these same methods in the 1002 Area this winter. This letter and its appendices
highlight just a few of the significant impacts | am aware of and some of the gaps in our
knowledge that prevent us from predicting whether other significant impacts may occur — these
knowns and unknowns easily justify the requirement of a full EIS for any seismic work here, and
as you will see this particular proposal should be rejected outright due to its lack of rigor and its
lack of attention to necessary detail.
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How much snow cover is required to prevent significant impacts of 3D seismic to the
tundra and ecosystem of the 1002 Area? The application cited no research along these lines.
My recent data of the 2018 Pt Thompson 3D seismic acquisitions by this same company shows
that nearly 100% of their seismic lines left visible ruts in the tundra from their tracked tires and
sleds more than 3 months after they were created — by anyone’s definition, these ruts being 100%
visible months after work was completed is ‘significant’. | also measured high resolution
topography of these seismic ruts twice, once in late June and once in July. Again, in both cases
nearly 100% of these trails left a significant impact — depressions of 2-20 cm across trails 10-20
m wide, where | could resolve the topography of individual tire and sled tracks. These ruts were
so pronounced that | could navigate my plane using them while going over 100 mph. My
photographs and data in June showed that there was compressed snow left in all of the tracks,
tracks which were 10-20 cm deep after melting — if there is compressed snow in depressed
tracks, clearly the amount of snow was insufficient to spread the load and avoid damaging the
tundra. Whether the tundra mat was broken through to mineral soil is immaterial — the tundra
plant fibers obviously could not support the weight of these vehicles by virtue of the existence of
these depressions within the mat and as such each and every one of these fibers were broken or
bent — a significant impact by any definition. Further, these depressions, while shallow, change
the permafrost hydrology (in this case, the water content within the ruts) to significantly impact
the plant dynamics and species composition within these ruts, causing them to seasonally green
up or brown up earlier or later than their surroundings, making them visible today as well as for
years to decades afterwards as can be seen throughout the North Slope. You can read more
about my measurements in the Appendices, which are PDF captures of the blogs listed there
which you can find online and which also contain videos documenting these impacts. What’s
needed before such work can be permitted within the 1002 Area are systematic studies of the
influence of snow depth on preventing these impacts. What’s also needed is a systematic study
of all 3D seismic conducted over the past 10 years using these same methods to determine the
long-term impacts of this work, using airborne techniques like fodar to measure topography and
color, and ground studies by botanists and permafrost scientists. Such studies have never been
done before and it would be completely irresponsible and not at all in keeping with the public
trust for you to permit the proposed seismic methods to be employed within the Arctic Refuge
without such prior studies, whether part of an EIS or not, as the standard of care required by law
within this Refuge is significantly higher than elsewhere in the US Arctic.

Is there sufficient snow cover in the 1002 to meet the existing standards? Having spent 15
years working in and flying over the 1002 each spring, | can say without hesitation that in many
years, if not all years, there is insufficient snow cover to support the 3D seismic methods
proposed, which require 20 cm on continuous snow cover as proposed. This eastern side of the
US Arctic, where the mountains almost reach the coast, is subject to occasional strong winds
from the south in winter which sublimate the snow away completely wherever they blow. The
glacier I have studied intensively for the past 15 years, McCall Glacier, which faces the 1002,
can be snow free over its lower half any day in winter, as it only takes a single storm to scour the
thin snow completely. These same storms continue into the 1002 and we often find less than
50% snow cover there in April. This April, for example, our team was unable to complete a
cross-country ski traverse from the glacier to the coast (over the 1002) because of the lack snow
—and that was for humans on skis, let alone dozens of heavy vehicles on tracked tires towing
dozens of heavy sleds! Indeed, in this paper (Nolan et al, 2015) you will find my measurements
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of snow depth along the Hulahula River using my airborne fodar technique which documents
both our ability to measure thin snow packs as well as the lack of snow continuous cover there.
What is required to do this seismic work responsibly is at least a 3 year study of snow cover —
completely mapping snow depth in the entire 1002 in winter to determine the interannual
variability of snow cover to determine where it is likely or unlikely to have sufficient snow cover
for this seismic work. Without such information, there is no way to responsibly permit overland
travel of heavy machinery. As you will see in this paper, my technique can easily map snow
depth in this way, so the technology to do so exists, it is affordable, and it should be employed as
part of a responsible development effort.

Are there better vibroseis techniques than the ones proposed? The permit application
offered no information on the exact methods being proposed — there are many different flavors of
vibroseis, each with a different impact on the tundra, none of which have been studied or
documented. How do you even know what you are approving if you approve this application?
While a lot of attention is paid to the tire pressures, no attention at all is being paid to the impact
of the vibrator itself — this is a unit that is used to smash the ground really, really hard to generate
sound waves that penetrate several miles through the subsurface — is it reasonable to think that
such smashing units will leave no significant impact without any study at all on this terrain?
Again, without systematic study of all possible vibroseis units in all possible configurations, you
are being irresponsible in approving this permit without a full EIS that assesses this.

Are there better seismic methods than vibroseis? Clearly the vibroseis must only be used in
winter, if at all, to mitigate the damage that heavy vehicles dragging them in summer would
cause. But winter is the time that polar bears den in the 1002. And most winters there is
insufficient snow cover even for current methods, which are clearly inadequate already as | have
shown near Pt Thompson. The possibility of summer use of explosive methods was not
considered at all in this proposal. Drill rigs slung by helicopter in summer could isolate impacts
to point targets which can be remediated individually, for example, with autonomous (wireless)
seismographs installed the same way. Many other options exist as well, which have not been
explored at all within this permit application. Unless all possible options are considered and
their impacts investigated and compared, there is no way to responsibly permit the type of
seismic activity that will leave no trace.

Is a mobile four-star hotel really required for this work? The bulk of the tire and sled ruts in
the fragile tundra are being caused by this 300 person hotel, complete with galleys, hot showers,
laundry, internet, and recreational facilities. No justification for this mobile hotel was given in
the permit application. Nearly all of this work could be completed by helicopter or by field
teams living in tents and traveling by ski, for example. For you to permit the 1002 area to be
permanently scarred just so that these crews can eat steak, download porn, and take hot showers
every night is the height irresponsible development in my opinion. Much further work must be
done to evaluate the options here, as these manpower needs have nothing to do with the impacts
of the seismic methods themselves and what is proposed for living facilities is definitely not a
requirement to doing the seismic work proposed. That is, there are really two damage-causing
activities being proposed here -- the seismic work itself and the accommodations of the field
team running it — and the impacts of these two activities must be considered independently.
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Is further seismic work really needed in the 1002? The permit application offered absolutely
no justification for this. How could it be approved without such justification? We have over
1400 miles of seismic work done here in 1984-85 — this was sufficient to justify drilling here, so
why is this not sufficient to do that drilling? I’m not saying there are not good reasons for
additional seismic work here, but the laziness and arrogance that the lack of such justification
implies suggests to me that the quality of the work which will be done will be of a similar lazy
and arrogant nature, and | would be shocked if the BLM thought otherwise. The application
offered no justification for this work and to approve it without such justification is a violation of
the public trust within the BLM in my opinion.

Is 3D seismic on a 200 m grid really needed? The permit application offered absolutely no
justification on this. Most of the 1002 Area is indeed underlain by a complex series of folds and
faults, however the USGS believes that most of the oil is to be found deep beneath these more
shallow complex areas, within the Ellesmerian and pre-Missippian basement rocks (USGS
Bulletin 1778). These rock strata are clearly and easily resolved by 2D seismic methods, and
indeed have already been revealed and form the basis of the oil reserve estimates. The
application offered no options on the density of this grid spacing, either in terms of the
sensitivity of the landscape to overland travel or the need for such density across the entire 1002
Area. For example, the undeformed region in the northwest corner does not require as dense a
grid as it is structurally much more simple and does not vary on this spatial distance. If we
consider that significant impacts are a percentage of the total area being travelled over, then
reducing the total area being travelled over will reduce the permanently impacted area. To
illustrate this, consider that a 1 km x 1 km block with a 200 m spacing of seismic lines will
create 10 km (a grid of 5 + 5 lines) of seismic trail for every 1 km2. A 1 km grid spacing will
only create 2 km (1 + 1) of trail for every 1 km2. You can see there is a enormous reduction in
potential impact based on grid spacing — over the ~6000 km? area of the 1002, that’s a difference
between 60,000 km and 12,000 km of seismic trails, all potentially leaving permanent ruts and
other significant impacts. Consider that about 20 vehicles or sleds will be driving over each line,
this potentially creates ~1,200,000 km (~750,000 miles) of tire and sled tracks! Because we
have no studies on this we cannot predict the extent of permanent damage, but even if ‘only’1%
of 1 million kilometers of tire and sled tracks became permanently scarred that is a significant
impact by anyone’s definition, and my observations of the 2018 Pt Thompson damage is that
100% of the ruts are still visible at the end of summer. Yet no justification was given within the
proposal for a 200 m grid spacing, or that a variable grid spacing could not be employed based
on subsurface complexity or surface vulnerability to damage. | measured these seismic trails
from the 2018 Pt Thompson work to be 20 m wide, so a 200 m grid spacing could cause 10 km x
20 m = 200,000 m? of crushed tundra per square kilometer — that’s 20% by area covered! That
is, over the entire 1002’s 6000 km area, 20% of it (1200 km?) could be covered by tire tracks in
winter, nearly all of which (based on Pt Thompson) will crush the tundra by 20 cm during
operations. That’s a potential impact of 300,000 acres! This extent of impacted area is 150
times more than is permitted by Congress, thus to approve the activities within this permit
without further constraints would be a direct violation of law. Before a permit can be granted,
valid justification for grid spacing must be given and a full EIS done to determine the impacts of
that grid spacing.
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Is the 1002 Area more susceptible to damage from 3D seismic than NPRA? The application
cited no studies on this topic, and ample evidence exists that the 1002 Area is more susceptible to
damage from 3D seismic, so approving this permit without a full EIS is simply irresponsible and
a violation of the public trust. The 1002 Area is not flat and featureless as so many people
familiar only with the western Arctic claim, it is the steepest ground between the Brooks Range
and coast for the entire US Arctic. The Sadlerochit Mountains are only 20 miles from the coast,
and the rivers draining them travel through canyons up to hundreds of feet high, some even
within a mile of the coast. The subsurface of two thirds of the 1002 Area is intensely folded,
causing surface undulations hundreds of feet high. These undulations cause the bulk of the area
to be a series of perched wetlands with very few lakes — even a cursory look at a satellite image
of the North Slope will show there are almost no large lakes in the 1002 compared to the much
flatter west, because the hydraulic gradient here is much steeper — that is, the ground is not flat
here! Because these perched wetlands are only separated vertically by centimeters to decimeters,
cutting linear grids 10-20 cm deep every 200 m x 200 m due to seismic vehicles without regard
to the vulnerability of the surface hydrology has the potential to link these wetlands together,
causing cascading, irreversible impacts that have the potential to significantly impact the form
and function of the ecosystems here. What is needed is a comprehensive review by leading
scientists to determine the vulnerabilities of this landscape to the topographic change caused by
tire tracks. That is, just because a 4-cm tire track seems ‘insignificant’ to us in our city mindset
does not mean it is insignificant to the tundra ecosystem. This study requires a digital
topographic map that can spatially and vertically resolve existing topography on the scale of
tussocks and ice wedges. Such technology exists and is affordable, and | am in the process of
making a complete map of the 1002 Area at a spatial resolution of 12.5 cm with a vertical
resolution to resolve tire and sled ruts 4 cm deep, as already demonstrated in my blogs (and
attached as Appendices). Only by thorough review of such a map can we assess the vulnerability
of the landscape and predict where significant impacts would occur by the proposed activities, as
the terrain of the 1002 Area is simply much different and more vulnerable to significant impacts
than elsewhere in the US Arctic.

What oversight, QA/QC, and remediation can we expect as part of the proposed activity?
The proposal was completely silent on this. Who will measure the impacts? How will they
measure them? Who will decide whether these impacts are significant or violate the terms of the
permit? If hundreds of miles of tire and sled tracks are still visible after 1 year, or 2 years, or 10
years, who will be responsible for remediating this damage? How will this damage be
remediated? Is this damage even remediatable? Who will determine whether the terms of the
permit were complied with? That is, who will oversee whether every single vehicle operated on
at least 20 cm of snow cover, and how exactly will this be measured after the vehicles have
already driven over the snow and compressed that snow to less than 20 cm? To expect that a
mobile four-star hotel for 300 people being dragged around by several dozen vehicles and
several dozen different drivers in the dark of winter in blizzards and whiteouts will 100% of the
time be driving over 20 cm of snow when we know that much of this area never has 20 cm snow
anyway is simply preposterous. How will vehicles be extracted when they get stuck? Who will
ensure no damage occurs then and who will measure such damage and how will such damage be
mitigated? The proposal addressed none of these concerns and as such should be rejected out of
hand to avoid the expense of an EIS to the taxpayers for such an incomplete and sloppy
application.
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I have tried to show here that we already know enough to determine that the proposed seismic
measurements here will likely cause significant impacts to the landscape of the 1002 Area and
that we do not have enough data to determine which methods, if any, can be employed that will
not cause significant impacts. The concerns above are not the only ones, but they should justify
in and of themselves that a full EIS is required before any new seismic work can be approved
and that this particular application should not be considered further until it addresses many of the
issues noted above.

Beyond the issue of whether an EIS should be required or not, | hope that you will consider that
the power to measure and document the topographic and visual impact of every single tire rut
and every single sled rut caused by this seismic work is now in the hands of people like me who
can afford to make these measurements out of pocket and share them with the world. Should the
proposed activity be allowed to proceed this winter, the resulting environmental disaster it will
likely cause will be made public for all to see, and the resulting public relations backlash will
likely reverse the laws that currently allow drilling. Everyone loses under this scenario — those
trying to protect the Refuge from damage, those trying to extract oil, and those trying to do both.
I believe that seismic work can be done without such impacts -- we can do better! And |
believe that you need to require we do better by not allowing any seismic work in the Arctic
National Wildlife Refuge that causes any impact to the form and function of its ecosystems or its
visual appearance.

Sincerely,

DN: att N

I=U: ou=Mana
att Nolan :

Rea: inks Fodar

L

ocation: Fairbanks,
Date: 2018-08-20 07:03-18:00

Dr Matt Nolan
Manager,
Fairbanks Fodar
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Appendices

Included here are PDF captures of these two blogs that | wrote so that they will be considered an
official part of this public comments to the review of the seismic application:

http://fairbanksfodar.com/detecting-tire-tracks-in-the-1002-area-with-fodar

http://fairbanksfodar.com/latest-view-0f-2018-seismic-exploration-impacts-near-the-1002-area

Note that these blogs contain videos which do not translate well into print format.

See also these blogs of mine which related to my mapping of the 1002 Area:

http://fairbanksfodar.com/end-of-week-two-mapping-in-the-1002

http://fairbanksfodar.com/1002-mapping-nearly-complete
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Detecting Tire Tracks In The 1002 Area With
Fodar

By Matt Nolan Posted July 1, 2018 In Fodar NewstAo

<

URL: http://fairbanksfodar.com/detecting-tire-tracks-in-the-1002-area-with-fodar

Last Sunday (24 June 2018), on my first day of creating the best topographic map ever made of the 1002 Area of
the Arctic National Wildlife Refuge, | was fortunate to find that seismic exploration this past winter had reached the
Refuge boundary from the olil fields to the west. | consider this fortunate because it is the potential damage
caused by the tire tracks from such seismic exploration that is motivating me to make this map this summer. So
here | had the opportunity to be the first person to measure and assess this damage on a wide scale at such high
resolution and accuracy: not only demonstrating that | have the capability to measure these impacts but that these
impacts exist and are a potential threat to the values that motivated the formation of this Refuge. You can see
what these tracks look like a month later here, and learn more about my map of the 1002 Area here and here.

My goal in making this new map is not to take a stand for or against the oil exploration and drilling that Congress
recently approved, but rather to make the best contribution | can towards ensuring that whatever happens out
here is done as sanely and responsibly as possible. | have been making the best topographic maps of Alaska
ever made for years now and have been the only physical scientist running a long-term field program in this area
for the past 15 years, so the combination of this skill with this experience puts me in a unique position to make this
contribution. My biggest concern about proposed operations out here is seismic exploration. This exploration
uses trains of large vehicles operating on a grid pattern over the land. This work is done in winter on top of the
snow cover to minimize damage to the fragile tundra and the permafrost below — but is that mitigation enough to
prevent all long term impacts?

When most people think about the
— impacts of oil drilling in the 1002 Area,
| think they are mostly thinking things
like this runway and oil drilling pad at
Pt Thompson, about 10 miles from the
Refuge boundary. Whether you
consider this an eyesore or not, it is
nonetheless fairly tidy — the ‘impact’
is largely isolated to the gravel roads
and airfields, and they do keep a tight
leash on the workers there in terms of
trash, vehicle oil spills, animal
interactions, etc. And because it’s so
bloody expensive to work up here, |
think we can trust that there is a
strong economic motivation within the
oil companies to limit the amount of
such infrastructure. So while clearly
this gravel infrastructure has an
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impact visually and ecologically, | think those impacts are pretty obvious and something we can fairly easily

decide as being acceptable or not.
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When [ think about the potential
impacts of oil exploration in the oil
fields, it’s this checkerboard that’s on
my mind: these are the impacts of the
seismic exploration that controls
where the gravel infrastructure is
placed. |took this photo a few days
ago. Running across the middle of
the frame is the Canning River, which
defines the western boundary of the
Arctic National Wildlife

Refuge. Above it, to the west, you
can clearly see the grid lines left
behind by the seismic vehicles used
to map the oil field below the

surface. They ran those lines literally
to within feet of the boundary (the
Canning River). In the foreground is
the 1002 Area of the Arctic

Refuge. To me, the most important question all stakeholders should be addressing right now is: Is the impact of
such seismic exploration in the Arctic National Wildlife Refuge acceptable? Considering that such exploration is
due to start this winter, we don’t have a lot of time to address that question, which is why I'm making this map

now.
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Here are some of those seismic lines
a few days later, after the snow
melted. Even without snow on them,
they are still visible. Is this an
acceptable impact? That’s a
question for the stakeholders to
answer. In the meantime, my goal is
to make the measurements needed to
answer the questions: Why are these
tracks still visible? How will they
affect the form and function of the
tundra ecosystems in the 1002
Area? The intersection of these
guestions is: How can we improve
methods of seismic exploration so
that there is truly no impact? That is,
with my maps, we can test the
efficacy of new seismic methods
towards that goal.

Appendix 1 Page 3 of 27



Here is an example of my measurements of this area from a few days ago using fodar. At left is my image mosaic
and at right is my digital elevation model, shown as a shaded relief image, where | have beamed down fake
sunshine at the best angle to highlight the subtle changes in topography caused by the tires of the seismic
equipment. Move the slider left-right to switch between images and find the tire tracks. You have to look really
closely at the topography data because the impacts are subtle, but you are looking for straight lines along a grid
pattern; perhaps start with the snow covered ones and look for lines parallel to those. Note that most of the snow
has melted from the tire tracks, such that most of the topographic expression seen here is not snow but a change
to the tundra itself.
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Here | have overlain a checkerboard grid of red lines that correspond to the location of the tire tracks of the
seismic equipment that | mapped topographically. Move the slide left-right to find them yourself. Here | have
demonstrated two things | find important: 1) seismic measurements made this past winter at the boundary of the
Arctic Refuge left tire tracks behind in the tundra to a depth of 5-15 cm and 2) | have the capability to measure the
depth and long-term impacts of those tire tracks. The view is slightly oblique so the lines converge, but my
measurements show that they are quite tidily laid out on a 200 m x 400 m grid.

Anyone that’s flown over the oil fields to the west can clearly see the grid pattern used by the seismic vehicles
from years ago, so clearly there is some impact. Here is a great article that gives an overview of some of those
impacts and how it may relate to the 1002 Area. But exactly what is that impact and should we be concerned
about it? Though | am a physical scientist specializing in Arctic landscape change, I've never actually studied
these questions before, but I’'m pretty sure that the impact of these lines has never been measure topographically
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in the Arctic because no one else but me has the capability to do that. My suspicion is that the reason that these
grid lines are visible for years and perhaps decades afterwards is because the weight of the vehicle does cause a
topographic depression in the spongy tundra (as shown above), as well as compressing and sintering the snow
beneath the tires. The compressed snow takes longer to melt in summer, insulating the ground, and causing a
change in the surface energy balance. The combination of these impacts leads to the ground beneath the grid
lines to be slightly soggier, which leads to different vegetation growing there or greening up sooner or later, and it
is this change in color that catches our eye and makes the old trails visible years later. So along the most of the
trails, there may no longer be a topographic expression of the actual tire tracks, but even briefly creating those
tracks, whether by smushing the tundra or compacting the winter snow the year they were made, apparently does
have a lasting impact that is visible for years or decades afterwards. So one question the stakeholders in the
process (which nominally includes the general public) needs to answer is: Are we OK with seeing a checkerboard
grid of 200 m by 400 m trails over this wilderness for years or decades to come?

m— = = e

Though it’'s summer, the checkerboard tire tracks from seismic work done in winter is clearly visible in this image
from the oil fields further west (taken by Subankar Banerjee in 2006). Are we OK with the 1002 area looking like
this next summer? Is the ecological system going to be affected?

In addition to the aesthetic values, there is also potential for these seismic grids to impact the physical form and
function of this tundra ecosystem. This region of the Arctic coastal plain is different than the coastal plain further
west because it is much steeper — the moun