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Introduction

Only in the last centiiry has coalbed methane been recognized as a significant potential energy source rather than a mining hazard. While
successful pnduction of coalbed gas in the lower 48 states has continued to grow for nearly two decades, Alaska's coalbed methane resources
still remain unexploited  However. within the next decade coafoed and shalebed methane will likely be significant sources of energy for urban
and rural consumes throughout Alaska. State and federal agencies, municipal and tnbal gover[ments, regional Native corporations, and industry
are combining their effas to evaluate coalbed methane (CBM) and shalebed gas potential in fural Alaska Gas produced using shallow well
fields and short pipethes could have consideratile inpact in rmote villages that are currently isolated from the power grid, dramatically
lowedng the cost of survival in these commLinities.  Pollution caused by existing diesel genemors would be reduced and industial development
(and thereby jobs) enhanced in areas where energy is currently subsidized and/or inpoTted. A medi`m-sized cormunity of 700 people uses
~250,000 gallons of diesel fuel per year, roughly half for eleeulcal power generation and half for healng.  This liquid fuel volume transhles to
~34.5 mimon cubic feet of gas per year.  At least 25 ronote communities are situated on or near Alaska coal fields.

For( Yukon, Alaska, has been classified a priority site based on village denographics, geolodc setting,
presence of potentially gassy coal and the likethood of bringing a CBM production unit on Line.  The
component of the For Yukon study described here was designed to delineate potential coalbed methane
resources directly under the Native Village of Fort Yukon.  The people of Fort Yukon pay for fuel oil
(diesel) at between 2 to 4 times the price in Anchorage oT Fairbanlcs, so nilal elecdic costs could rise to
4 times equivalcut kwh rates paid in any of the three major cities of Alaska.  This is the case not only for
For( Yukon. but for most of the more than 150 toadless" nml communities in Alaska.  Without passable
Toads into or oLit of For( Yukon, unemployment exceeds 80 peroent at times.  Lacking a consistent
commereial tax base for making capital inprovements or sustaining social prog[ans, the cost of living is
considerably hither in For Yukon than the state and national averages.

Several key factors are critical for a coal dyer to bc considered a viable methane source:  net coal thick-
ness, coal rank (low coal rank suggests biogenic gas whereas higlier coal rank infers a thetmogenic grs
source). gas content. pemeability (very low and very high aa.e detrimental), hydrodynanrics (water pro-
dilchon is necessary for gas production), structure, and depth to target beds.  Several of these key coalbed
characteristics (net coal thickness. stnictiire. depth content, and gas content) need to be detemined and
evaluated before methane reserves can bc estimated and appraised as an economic energy source. Seismic
reflection irmgivg can provide valuable information on thickness of potential coalbed gas zones and
subsurface structures that may enhance or inpede production.  Hick-resolution seismic reflection has
proven effeedve for imaging coal seams less than 3 in thick at depths in excess of 300 in for exploration
and hazard evaluation.

Methane from Coal

Prodrction of methane from coal beds is based on several characteristics of the specific coal and its geologic setting.

=  coal is both the souroe and reservoir rock
>  coal is a microporous solid with an enormous intemal surface arch
=  coal permeability comes froin fractures (dcats)
=  coal can sorb > 600 cubic feat of gas per ton
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The process of sorption is critical to CBM reservoir behavior.  Sorption is the physical process whereby gas is held tiy weak bonds
on the surfaces of pores, cleats, and froct`ues.  Burial depth is an important factor in detemining coa.I reservoir chanctcristics. since
increased pressure increases the amount of gas trapped in pores.  Gas moves through the coal matrix by diffusion toward fractures.
Permeabitity is completely dependent on fractures and cleats.

Geologic Setting

The Yukon Flats Basin of easteentral Alaska is an alluvial and marshy. Iakerdotted lowland oftnore than 8.500 squac riles,
located sotith of the Brooks Range and north of the Yukon-Tamana Uplands.  Tectonically, the Yukon Fhts Basin is interpreted as a
pull-apall basin or Thombus graben; however. some evidence supports the notion that the basin famed as a result of crustal rctalon.
Regardless of the mechanism respons]l)le for the basin 's conception. il is commonly accepted that the process is still active toddy.
The lowland that characterizes this basin extends upstream into other pans of the Yukon River and Porc`Lpine River drainage basin.
Based on gravdy modehg. the Yukon Flats Basin may have as much as 300o in of cenozoic fill, while inteipretation of seismic
data acquired along the Yukon River pushes that estimate to over 4000 in of Cenozoic fill.  On average. the sedinent load
(thickness) rerionally across the basin is thought to be less than 1000 in.  The upper loo in of sedinents in the basin is
predominantly Tedary lacosrfue silts and clays.  Coving most of Yukon Flats is an anomalously flat layer of Quaternary river
deposits that more closely resembles a coastal plain setting rather than an inland basin,  The surfroe elevation is around 200 n
above sea level.

Based on a 1994 corehole commissioned by the USGS for clinate st`idies, a coal zone is known to be gassy and to contain sevenl
individiLal coal beds that arc lignite rank (0.3% mean random vthnhe reflectance).  Petrographic studies show that the coal is
composed mostly of detrital vitrinite and appears to be of lacustrin¢ origin.  Adsorption isothclm studies indicate a gas-satimted
storage capacity of about 40 scflton (as received basis) at 4cO in depth.

Seismic refleedon profiting in pemafrost environments, especially high-resolution profiting, is complicated by the near-surface
high velocity layer defined ty the base of the ice-bonded zone.  Success using higivresolution seismic reflection to delineate
relatively shallow (< 1000 in) and thin (~3 to 10 in) methane hydrate lenses below a thick sequence (rfoo n) of ice-bonded
unconsolidaed sedinents in the Mackenzie Delta, Norfuwest Territory, provided key insigrts into the study of coal layers beneath
Fort Yukon,

In the Fort Yukon area, the pemafrost is around 75 in thick with unconsolidated, probably sanirated. sedinents present do\rm to the
prirmry targct. a lignite coal bed at about 400 in.  Permafrost envionments present unique challenges to the acquisition. processing,
and interprention of seismic reflection data regardless of target or resolution requirements.  In particular, laterally variable
pemafrost thicknesses and matchal propedcs and the presence of free gas within frozen sediments cause extreme ]atml velocity
changes and adversely affects the transmission of seismic energy.  This frozen earth sethg is especially troublesome when a
significant par( of the sediments between the target and the base of the pemafrost are Llnconsolidated. resulting in a pronounced
velocity inversion. Based on the type and configuration of stirface heat sources (such as lakes and rivers), the pemafrost thiclmess
can vary significantly and therefore result in substantial static hegulaltics on CMP stacked seismic sections.



High-Reso[ ution Seismic Reflection

VAat ir ????

Chce coal has been determined to exist at sufficient rank
and appropriate depth to produce methane gas for niral
community use, why i§ the itsolution and delineation
potei]tinl of high resolution seismic reflection
necessary?  In this gcotoctc scting the Continuity of the
coal, its stnictural chaneteristics (faiilts. fractures, and
dip), and thickness cannot be adequately appraised from
a single borehole.  Also, the site selected for a detailed
drilling and sampling program must reasonably
represent the area to accurately appraise the methane
produedon potendal of this coal.

For emmp]e. it is not outside the realm of possibility
that the 1994 USGS corchofe encountered the coal seam
on the do`mi-thro`m side of a large faiilt block,  In such
a setting there would be a significant risk in assuming
that the coal is continuous and uniformly thick beneath
and around the town.  Changes in coal sean
characteristics will affect the design of any well field
intended to feed a municipal elecoical power generating
facility. [t is also possible that the depositional
enviroment was such that the core of the lacustine coal
could be a small channel no larger than the slouch
bounding the sotrfu side of the viuage.  It is possfole to
inagine other fault and dapositional scenarios that could
dramatically reduce the producible volume and yield
necessary to adequately supply the needs of For Yukon.

Seismic reflection is a geophysical technique that relies on sound waves to
travel througli the earth and interact with discrete changes in seismic velocity
and/or tnass density changes in a predictable way.  These velceity and/or
density changes are hown as acoustic impedance contrasts.  These contrasts
commonly occur al nanral boundaries, such as changes in lithology.

ImaSng and resolving are two different objectives.  The thiciness of the coal
hyer (or any layer to be fully delineated) plays a role when resolution is the
objeedve.  To resolve the top and bottom of a Dyer. the reflection from the
bottom must be separable from the reflection from the top.  Improving
resolution can be accompdshed only if the velocity of the layer is decreased or
the frequency of the seismic signal is increased.  Of these two, only froqueney
of the seismic signal can be easily controued.

Effeedve high-resolution seismic refleedon surveys require redundaney in subsurfacc sampling, specifically by recording seismic energy within
optimum source-to-receiver ofEets and seismic signals that are hick energy and high frequency.  By definition. high-frequeney seismic signals
are greater than 80 Hz.  For the For( Yukon seismic study to be successful frequencies of at least twice that were necessary.

Competing wth the need for more traces (i.e.. greater fold) is the need to minimize the number of wavclcts s`mmed together.  Summing or
stacking generally reduces hither frequeney components of the signal.  A balance must be maintained bct`ireen these two critical characteristics
of the data.

Inteiprrfug geology from seismic data (espedally hick-resolution data where the
resolution linits are always being pushed) requires an understanding of how the source
wavelcl ®ulse generated by the seismic source) interacts with each uniquely different
Dyer in the subsurface.  Separating the unique refleetion wavelet retirming from the top
ofa layer from the unique reflection wavelet returning fi.om the bottom of the sane
Dyer is a challenge when the layer is less than the seismic wavelength.  Interprrfug
foyer thichess and geometry when layer thiclmess is at or below the length of the
dominant reflection wavelength requires incorporation of ground truth.

From a practical perspeedve, eve]y `wiggle" does not have unique geoloric signifi-
cance.  Teehniques to remove the source wavelet, leaving just the earth raponse (ideal).
are not particularly effective on hick-resolndon data.  The inherently noisy natne of
hith-resolution data, the earth's strong attenuntion of high frequencies witli depth
(inconsistent source wavelet with depth of penetration), and the absence of a large
number of refleedng layers at random intervals all play against deconvolution (the
process of renroving the source wavelet).  Trace-to-trace coherency and associated
pattern discrinination rcprescnt the most effective means of interpreting high-resolution
data. Realizing the theoretical vertical resolution linit and maximum potential of high-
resolution seismic refloedon data is not feasible.

Resolution

>Verha] lhit
theoredcal  14ul
practical   I/A

> Horizontal hit
Fresncl zone radius
-=vl2rFJT

Detecting the oap of a coal seam only requires an acoustic
inpedance contrast betvecn the coal and the clay layer
above the coal.  Dclinealng the tap and bottom of the coal
layer. therefore providing an estimate of coal sean
thickness, requires high frequencies and an acoustic
impedance contrast betveeTi the top of the coal and the over-
lying material and the bottom of the coal and the underlying
material.

Frequencies of aroiind 180 Elz in this geologic setting will
provide a practical verdcal resolution of around 5 in with a
theoredcal linit of around 2.5 in.  Using the core data. the
acoustic inpedance contrast betwreen the coal and the
overlying clay should bc sufficient to provide a high
aniplrfude reflection.  Considering the drill penetrared 9 in of
coal at the bottom of the 1994 USGS hole,  it is also likely
that the base of the coal will be detected.

Severe Llmitations:  "Small Foolprlnt" and Alr]ift Portable (weiglit and size)

TTansporting equipment to nml areas is expensive and constrained by airfield lini&ations. proxinity to navigable waterways, and
vehicle capacities.  Without roads to transport seismic gear, most conventional equipment and field exploration methods cannot be
considered for many niral villages. Considering the limited transpor( size and weight restriedons. even modifications for operating in
this cold clinate must be made efficiently,

Adding to these problems is the need for "small foorfu." exploration methods.  TTavelsing wooded and high-relief areas in this
delicate envirormcut must confom to stlct federal. state. municipal. and tribal government and Naive corporation guidelines and
constraints.  Off-road travel cannot involve excessive destnLction ofvegecation or the scarring of the ground surface.

An L-382 Hercules transport with a 24.On kg payload and 16 tn long cargo hold transported the seismic equipmem from Fairbanks to
Fort Yiikori and back (400 miles total) at a cost of $32.Oco.  This aircraft landed on the  I.5 kin. ice/snow packed. gravel ninway
operated by the A laska Department of TrarLsportation.

Cargo included 6 pallets of cables and geophones. two 6 x 6 ATVs. one 4 x 6 seismograph ATV. one §no`rmobile, an IVI minivib. one
pallet of computers, and one pallct of personal gear.  I.ouding and `ifLloading the aircraft tock about 30 minutes.



Survey Design

Survey design focused on optimally interpolating the coal reflection between all the 2-D tines, most inportantly under the to`rm and in the area
inmediatcly cast of town. Environmental concerns and cult`ml features lestricted line plaocmcnts.  Geostalstical analysis of interpolation erlor
based on line spacing and orientation provided qualitative constraints on extrapolafron confidence from the tires lines oriSnally proposed to
surround the towrn. This idealized Line deployment scheme `iras modified due to vegedon, cultural obstacles, and spring thaw.
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Data Acquisition

Based on access and
obstacles. seven lines (red
on fig`ire to the Ticht) were
andly acquired in and
around the town of Fort
Yukon and the U.S. Air
Force radar station inmedi-
ately east of town  Snow
removal was necessary for
Arvs to move equipment
and personnel along the lines.
A short test survey line was
acquhed within a few meeeTs
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much needed ground truth.
Proxinity to the Yukon River
and Hos|]ital lake
complicated the subsurfbe
variahility of the pemafrost.

Data were recorded to optimize reflection events between about 300 and 700 in below ground surface.  Equipment and recording
paranctus were selected based on prelininary tests along line I (intersecting the corchole site).  Due to transportation issues and the
obvious need to mininize equipment moved to the site, most adjustments to the acquisition procedures. parameters. and equipment
were foe tuning.

A 240-channel Geometrics StTataview seismic recording system shcek mounted in a customized
steel franc on a 4-wheel drive, 6-wheel John Deere Gator recorded the 12.000 sample per trace.
unconelated data.  Dan were digitalJy saxpled at I msec intervals for each of the three sweeps
run per station.  Each individual shot record was didtally saved sapame]y on the seismogTaph's
hard drives.  The final data set. which included all seven hues, incorporated more than 2600
stations and required in excess of 60 gigabytes ( loo CDs) of storage.  To maintain as quiet a
recording environment as possible, the entire Teeording systm (including all supporl aystems)
was operated on  12 V battery power.

With tcmperanires dipping to -20° F, the seismograph, suppor(ing equipment. and operator had to
be protected from the cold.  A double Lined vinyl cover with operator boot was installed to
enclose the ATV 's seismograph area.  A themostatically controlled propane l`eater was also
added to the vehiele to maintain an inside temperature of around 60° F.  Cables connechng the
seismograph to the geophones entered the seismograph compartment through velcro scalable
shits.  Several radio frequencies were used to maintain contact with crew and transmitted the
vihaor operating data (source signaLground forte).  A Ilo V generator was used when hacking
up data from seismograph hard drives to extmal hard drives,  External hard drives were the host
for transpordng data to the mobile processing center set up at the lodge.

Based on testing al several other pcmafrost sites, conventional ice plates do not provide
sufficient coupling for high frequeney recording.  Au snow and ice was removed and
pilot holes drilled (melted) into the frozen ground to optinize the higiv frequency
recording petential of the three 10 Hz Malt Products didtal grade geophones planted at
each station.  Hammer drills with 20 cm long calbide bits, powered by smau electic
geneiators, bored through the frozen gravelly sLlrface material.  Geophones were then
inserted into the holes (still wet from ffictional melting) and frozen into place at the
bottom of trenches dug though snow and ice up to I in deep.  This process dramatically
increased the the and effort necessary to deploy geochone spreads, but the rewards
were evident as upper comer frequencies of stacked reflections exceeded 180 Hz in
some planes.

Up to four drills were worfrog simultaneously to plant
geophones into the road bed. edge of the runway. dir(
paths. througiv sloughs. and into organic-rich soil in
wooded areas.  A sufficient buffer was maintained
betveen geophone planting and live recording stations to
allow conthuous data recording.
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Considering the near-surface conditions, target depth, resolution requiTenents. environmental
tindtarions. and transportation cousmints, an IVI minivib outfitted with a prototype hich output
valve (3 to 4 x nomal power above t50 Hz) was the optin`im source configuration for this site
and project.  This center-ariculathg buggy-mount. high-frequency vibrator ( 15 to 500 Hz,
8000 lb peak force) provided the necessary mobility and coupling,  With the "small footprint"
and minimal ground compression the source did nco leave an inpression that would siilvivc the
summer. even along the trails and open areas where some thawing had eeculTed.  The vihator
was winterized to allow opcTalon in temperanires well below 40° F.

Snow was removed from roads and trails using a front end loadcr owned by the Naive Village
of For Yukon.  The vibTator pal was seated onto thin (< 5 cm) frozen snow, ice, or frozen
ground. but never onto loose, lichtly compacted. or deep snow,  Three 10 second upsweeps from
25 to 250 Hz were recorded at each shot station, Shot stalous were on 10 in intervals.  Ciround
force, russ accelerometer, and base plate accelerometer were rcoorded and saved for each shot.
Software was used to control the vibTator's power output to maintain the marfuun drive winout
overdriving the valve and/or dcooupling the basepLate.

Accurate station stlrveying is essential for any high-resolution seismic reflection program. All
stations necessary for ele`/ation corrections and absolute location of the 2-D profiles were
surveyed in with a Trimble 4800 and 4700 differential GPS at a ± 2 cm acciiracy in x, y, and z.
[nitial]y, cach station was located using a measuring chain or takeouts (5 in spacing) on the
seisnric cables.

Shot Gather
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Relative orientation of source and receivers is critical for recording reflections
from the optimim source offiet distance.  For targets that are relatively shallow
and thin (by conventional standards) it is imporfunt to record reflcctious return-
ing from reflectors at a specific set of incident angles or refleedon angles.
Compliearing the problem in this setting is the base of the pefmafrost. which
defines a velocity inversion in whieh the petmafrost represents a hick velocityfro        dyer.  This higiv velocity dyer dramatically alters Tefleetion raypaths d]lring their

travel from source to reflector and then to Teeeivcrs.  To insure that the ever-
chanting optimum source offset was always recorded, 240 receivers were
deployed in a fixed spread i.2 kin long.  The optimum ofrsct from the source was
calculated to be between 50 and 300 in. both in front and behind the soLLfce.  By
recording gcopliones over this wide range of offsets, if the geology did change
unexpectedly, the optinum reflection window stin would be recorded.

co      The single fixed 240-receiver spread allowed the source to occupy the tniddle
120 stations of the spread and still maintain a fun complement of optimum
minin`m to maxim`m offsets (50 to 300 in) both in front and behind the source
on all sweeps.  An added advantage of this configuration is that it elininates
cable switches needed to select specific rceeivers relalve to the soiiroe location
to be reeorded.

The receivers were spaced on 5 in inmrals with shots occupying eve(y other
receiver station.  The source was offline from 3 to 10 in.  A total of around
60-fold data were recorded. but. since only the optimum ofBets were used, the
stacked sections ae around  12 to 18 fold.  By avoiding ofi§ct effects (wide
angle, high velocity layer distordoo. eto.). traces used in the stacked sections
have the hichest signal to noise. lowest waveha distoltion (from NMO
stretching). and highest frequency.

More than a dozen high quality Qich signal-to-noise ratio and dominant
frequency) refleedons are prominent from 300 in to the basement at around
620 in.  Based on the USGS corehole. these refleedons fully sample the depth
oflmo`rm coal and extend into the interval having a high possil)ility of coat units.
Reflections fill the timerdepth interval whele the coal layer is kno\un to exist.
Considering the unique transition from very limited reflection nenms (above 3 00
in where no coal was encountered) to the zone of aliundant refleedon arrivals
(300 to 650 in where thlee reflections were encountered in the first loo in), it is
reasonal)le to suggest that the highly refleedve zones may contain multiple coal
seams.  The baseinent reflection is easily identified by its characteristic lower
frequeney and more diffuse reflecting nature.
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diffuse, less trace-touace
coherent app-ce.

The shot gather on the left is from line 4 while the shot gather on the right is from line 5 (northernmost and southernmost lines. respectively).  There are clearly three
difhat groups of reflection arrivals.  One set is about 50 msec in length and alTives between 350 and 4cO msec.  A second set comes in consistent with the higiv
aniplinide event al about 450 msec. The second reflecting .Packet" is followed by about loo msec ofreladve quiet. fikely indicative of sand. gravel. clay, and silt
units sinilar to those observed in the core between the base of the permafrost and the top of the 400 in coal unit.  A final reflection packet is interpreted as the top of
basement. with a weathered. diffuse appearance.  The data possess a practical bed resolution potential of around 4.5 in, so the top and bottom of the 9+ in coal kycr
encountered 400 in below the ground surface in the drill hole should be lesolvab]e with these data.

Data Processing

Flow Chart Of Processing
Precorrchtion operations were instrumental in broadening and flattening the bandwidth
and therefore increasing the resohition and inproving source wavelet characteristics.
Testing the effrdiveness of deconvolution and correlation with the ground force and
synthetic drive signals dcmoustrated that scaling followed by conelation with the
synthedc drive signal produces the best bandwidth and upper coTher frequency
refledons.

Noise reduction was chtieaLl.  Noise included: 60 Hz powerline and hither modes
(removed by the hum filter), cuiniral noise (snow machines, automobiles. people
walking. etc., removed by trace editing before the three sweeps/station were vedcally
stacked). and cable/gcophone crew noise (wanting. drilling geophone holes. moving
cables, etc.. removed after correlation, but before vertical stacking of three
sweeps/station).

Concern for inpropeTly stacked reflections as a result of the pronounced vclceity
invc[sion at the base of the permafrost required careful velocity and statics analysis.
Obviously, velocity plays a role in NMO corrections, but as critical is velceity's role in
many statics correction operarious. Maintaining a fcoused and narrow window of
source offsets is key to avoiding NMO ardfacts in the presence of the extreme velocity
inversion at the base of the permafrost.  To insure the acciiracy of the stacked seedons
and interpretarious based on those data. special emphasis was placed on velocity
iregularities due to the petmafrost.

CMP ties were processed into a fro] slacked fomat using Winseis, a comcrdal |}rgr
cessing software package.  The basic architecture and sequence of steps followed
during the generation of the final stacked sections were similar to coTivcndonal
petroleum exploTalon processing flows.  Step-by-step QC was T[eeessary to produce the
higiv-resolution stacked sections at the linits of the data potential.  The main
disthctions betwreen high-resohition and conventional data processing are related to the
emphasis placed on velocity analysis, optim`m offset window (especially for near-
vertical raypaths), extending the upper comer frequency while broadening the
bandwidth. minimizing extensive wavelct processing. car and precision of muting
operations. constoining statics operations (maximum shifts no greater than I/.
wavelength of the dominant reflection energy with correlation windows at least 10
times the dominant wavelength), and coincident iterative velocity and stalcs analysis.

Llne I

Amplitude wiggle trace representations of the CMP stackcd section
pemits wavefom interference and sub-wavelength bedding to be
interpreted.  Reflections above 3cO msee are present on shot gathers
but processing ofthcse data focused on the lower 400 in of basin
sediments.

At left is the CMP stack of hue 1, with station 165 approximately
equivalent to the 1994 USGS corehole.  A lack of reflection events
above 300 msec is cousjstent with the shot gather and borcho[e, where
a thiek sequeTLce of sands, cfays. silts. and grovels were encountered.
The three coal seanis betwreen 300 and 400 in will likely possess the
greatest acoustic impedance contrast of any sediments encountered in
the borchole.  This suppoTts the suggestion that high anplinde events
below the 400 in coal may be coal seams as well.  Considchg the
depositional environment and age of the sedinents in this basin, the
chances are good that the 4cO in coal layer is only the first major coal
of many.

Using the drill hole data as a starfug point. the base of the 400 in coal
layer could be the event at around 415 msec.  If this event is the base of
the coal unit, the coal sean is about 20 to 25 in thick.  In that case, the
core hole has only penetrated the upper half or so of the coal layer.
Without drill data to correfale these reflection arrivals to Teflcctors it is
not possible to make definitive, strarigraphic depth intapretations.
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Interpretations of the tops of higiv amplitude
reflections that appear across the endue site
were made to assist coTrelaing the coal
(violet) and basement (yellow) refleedons
from line to hue.  Faults having less than 10 in
Teticf and fract`ne ziones were interpreted on

360 in coal sean ?    lines 2, 4, 5. 6, and 7.  Co(relalon of these
feat`Lres between ines was based on
consistency in seismic character and

±  ?390 in coal seam    displacement orientation.

=               Basement

The diffuse nature of the basement reflechon
evident on the stacked section is consistent
with the character of the same basement
reflection on shot gathers. The bck of a
uniform wavclct and trace-to-trace cohcmcy
suggests that the bedrock siirface may be
characterized by a variable weathered zone
that grades into competent hard reek.

Color frequency plots overlaid by the varial]le
area wiggle trace display of the seismic data
allows faiilt and fiacttire charactgdstics to be
easily distinguished from stalc and folding.
No fauhing or frocturing is paiticularly evident
on line I, but this display fomat was an
excellent tool on the longer profiles where line
separarious are over 2 kin.

Diffraction |]attcms are considered diagnostic
of faulting in this area.  Several strong hyper-
bolic difhaedon arrivals become prominent at
specific frequencies in wiggle aace amplitude
displays.

The Kingdom Suites seismic data
interpretation software package was used
to do frequency analysis and assist with
interprctalon of the Coherent rcflectious.
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A graben stnicture with movement along near
vedcal faults extends throughout the entire
Cenozoic section and cleady pcncmles the
basement.  This basement structure can be
correla(ed to similar stmctiires on other lines.

The coal reflection is presem on all lines with
waveform attnbutes suggesting the coal kycr
is over a half wavelength thick.

The "coal interval" has been classified based
on sinilarity in reflection character.  The
interval extends from around 350 to around
500 in.

L=

Refleedons from the western side of the
survey area are consistent with no indication
of faulfrog or fracturing.  Several subtle
depositional features can be interpreted
within the "coal interval."  These features
resem.ble chaimeis and could be areas of cut
and fill.

+

Urifolm, relalvely undistiirbed
reflections indicate an area with
very consistent smtigraphy and
limited or no structural features.
The charactdrstics of individual
eventscaneasilybccorrcb¢ed        ~
with and between the              ~
seismiclines.         ,   ~

E=
E=

E=

Several difhaedon events. indicative
of bed terminalons or point soiirces,
are evident all along the trace of the
fault at station 5400 on line 5 (to the

tigiv).  This faiilt has over 10 in of
vcr(ical displacement and requires

consideralon in futue drilling
programs,

The coal refleedon and .`coal interval"
is casistent with a high degree of

similarity across all faults napped on
this survey.

E=

Faults are interpreted based on
bed ofl§et and difhaction
pancms.  Frequency analysis
also provides sLipport for
placement of fault zones.

Difhaction patterns are
evident on line 2 (to the left) at
the basement reflection
beneath station 2340.

E=~
E=

~   ~ Diffraction patterns below the yeuov
event identified as basement on line 4
(above) are east of the actLial fault
trace.  This is suggestive of a wider
fault zone below the basonen`
Tefleetion.

~
E=

The east end of both ine 5
(to the left) and line 7 (to
the right) are highly
disturbed. tikely indicalve
of signifi-cant frochg of
the reek layers.  Line I
(shorn on the previous
panel) is void of any faults
or apparent fractums.  This
geometry suggests
fault/fractures are oriented
roughly northeast-
southwest.
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Attribute Analysis

Coincident sign frequency and wiggle trace amplitude analysis was instnimental not only in dcteedng but more inportantly in delinealng
faults and fractue zones.  The maxinun displacement observed on any fault is just under 10 in. so disthguishing faults that ae mapable
across the site from fract`ires zones having only localized bed distordous is an inportant consideration for future production tests.
Difhaction pat(ems ae diagnostic of the larger faults.  The strongest diffraedons are associated with major faults through the basement
surface,  Amplitude and frequency variations in the 400 in coal sean are related to cha]iges in physical properdes of the coal (thiekness.
velocfty/. attenuation, etc.).  These data win contribute significantly to future characterization of the coal seam including: volume. gas
concenndons. fracture density, and other properties related to pToduedon estimates.

Isotlmes
Horizous were napped using a combination of automatic
correlation routines that need some manual fine tuning,
Reflections from the bascmcnt surface. the 500 msee (~500 in)
high amplitude reflection. and the 390 msec (390 in deep) coal
seam were napped around the site.  No control dan were iised and
therefore these contours are based purely on seismic data.
Considchg that none of the lines crossed sufficiently to tie. the
line-torline corTelalons in time and wavefom are quite good.

Basement configuration is consistent with the redonal dip toward
the center of the over 3000+ in basin to the southwest (fig`ire to
the richt).  The basement is 650 in or so deep near the barge
landing on the Yukon River along line 3. and is less than 600 in
near the eastern end of line 4,
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High gradient areas are in general consistent betwreen all three
contoured horizons.  Using these contour data in association with
aml)ute anabrsis and the relative dhows on faiilts, fault and fault
plane orientalous can be designated with reasonable confidence.
The coal seam is at a clef)th of around 390 to 4cO in at the
southcm end of the survey area and rises to around 350 to 360 at
the north-eastm comer of the area.
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Neal` the bottom of the potential "coal interval" a high amplitude
reflection occurs at around 500 msec.  This event has a sinilar dip
as the basement, but with a slishtly different gradient at the
northeaston end of line 2.
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Faults and Fractures

Combining the atoibute analysis. reflection offset estimates, and
contotiring of the three key horizon tops permits faults to be napped
across the site with a hick degree of confidcncc.  Faulting as
inteli)reted (right figure) is consistent not only with these data but
also with basement faii]ts that control the deep basin to the south.
Blcok fauke dropped do`rmward to the south and southwest control
the stnict`ire of the basement and thickness of overlying sediments in
this area.

Faults are napped to be consistent with displacement amounts and
the config`iration of layers.  Fractures are identified in areas where
reflection coherence is reduced and spectral properties decrease.

Conclusionsffindings

This seismic reflection proglam successfully extended the grotogic
information obtained from the 1994 USGS corchole about the coal sealn at
400 in depth across the Fort Yukon study area.  Several objectives and goals
wcrc identified at the onset of this project.  Each objeedve was successfully
accomplished and in some cases expectations were significantly exceeded.

Goats & Accomplishnents..

I) Genente I)igl) resolution G>120 Hz) signals witl) suffidcnt site `iride
coherency, resolution, and signal-lo-noise ratio to allow ttle top and trasal
contact of the ]lgnite coal encountered at around 400 in to be napped;

Re;f oecdons wilh u|)tler corner f requencies over 200 Hz and dorninazlt
fi*equencies over -I SO Hz wer;ge;erased and recorded site wide  ovac dcan      try
unlyuety distirlgllishable re:|leedons are wierprcted williin the de|Ith range of         `
interest  I+aedcal mininurrl resolution limits are airound 5 in alloi.ling both top
and battom Of the 400 rn coal seam to be lmaged.

2) Optinize acquisition for 2 lc-D imaging Tor line to line extrapolations; -_
Ref lections wavelets possessed su!f f iiclenl consisterlay and uniqueness tl.Ltl LndividIlal rot lechon events can be tied firom line to line
across distor.ces as greQl as 2 ktrL  Resolution was high er.ough that sul]tle stratgraphic feonlres, varying over loos Of rmclcrs,
were observed. Drilling will be required to conf rm their geologle signi/i.carlee.

3) Evaluate and optinize equipment and parameters to inaxiinize signal-to.noise and r€so[utiob pofenlinL, including offset
setLsitivity due to permafrost;

The pcrmofrosJ setting preser.ted unlque challenges to achieving optimum qffseL These nero met ly using ar. asy"etric, split-spread
geomtry recorded into a fixed oversizcd receiver spread  A higl. ouq]ut value |7rove4 critical to |]ushing the dominarlt frequencies
above I 20 Hz.

4) Correlate reflections witl] units seen in boreliole data;

The top Of the coal al around 390 in matches perfeedy with the borchole tithologic log.

S) Processing flows modified and optihized for ex(ending the upper comer frequency;

Precorrelndon ond offset sensldefe processing was cus.omizfd Jot this project and its spedaL da:fe characteristics.

6) Evaluate and adapt source and tiecejver coupling to exceed any i]revious higli frequeDey signal recorded in a Land setting at
dep(I) greater than 400 in;

Drill erl\pLaced geoi.hone s|]ikes and hard surf;ace source pet coupling matched wth a computer controlled oiifimized drive sigrd
helped |]ush the previous high Of around 120 Hz dominanl al 400 in to over I SO Hz at depths over 500 in.

7) Map the 400 in coal seam and any significant structural rcatures above the basement;

A series Of very small offset fal.Its were imaged with trends consistent wtih basement jioutts to the south and with the general
topography Of the basement and multiple taycrs mappe4 aborme basenent.  Tap ar.d botlorn Of the coal seam will be mapabLe wan
addiconaL grour.d truth

8) Imaged below the 400 in coal sean for more potential coal horizoos.

Speel.Lchon based orl geology and ref oecton characlerist}cs swggcsts that events bctnreen about 350 and SOD n. produc.Ing strong
rofleedor. retllrrls may be ¢caL Layers.
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