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Abstract
Sersmic and gravity data were recorded in the mountans ot the frard Plateau dunnge the
summer of 1998 The operations were centred about 25 kilometies north-northwest ot
Fort Liaad over the Tiard syncline: The purpose of the surves was to delineate the Fort
Liard structure that had been dnifled by the D 29 and F-2Sawells A 3 D sersine and
gravity program was operated over the structure The 3D was named By INland - The

operations are i partial requirement of the Work Commutiment tor F1 366




Seismic Operations
Scrsmic retlecnion data was recorded to mmage the sebsurtace structure - The progcran: was
desiened as a -D osw told program The purpose ot the 32D program was to properly
miage the subsurtace rescrvor i a3 dimensional manner so the gas pool could be
developed optimally. The rugged terram and sensitive cround cover necessiiated alow
mipact Heli-portable systeny - The 8 D omethod was oaed to mmprove our understanding of

the structural shape ot the reservon The 2 D method does nor provide sutnicient

imtormation tor placing awell hore i ihie most optimun focation m the roservonr The

fow told is an attempt at reducinge the costand cnvronmental impact ot the procram

The followimg s a swmmary of the scismne acquisation and processimg patamcetens

Chevion Canadic Resources Program Name Big Il

Contracting Crew - Verttas

Acquisition Dates
o Start Survey June 8 199N
o Start Recordimg August 3, 199N
e Lunsh Recordimy Augast 20, 199X

97

e Length of Survey 7 squane kilometies . 212 Tnear kifomete

o \verage Acquisition Rater 33 sqinare Rfomietres per day

Spread Parameters
e Number of Traces 1170
e Geophones per Group: 6
e Geophone spacmg Tmetre, 2N 3 box arrany
e Shoi Pomt Interval 170 metres o hines 120 metres binnimg
e Giroup Interval 60 metres
o Putch Dimenstons 4320 metres v S0 micties
o Actinve Patch 1O hines v 90 stations
o Source Lane Interval: 900 meties
o Recenver Lne Interval 480 metres
e Bin Sizes o metres x 30 metres




Source Parameters
Source: Dynanmte
Number ot Holes
Hole Depth 26 meties
Charge Size 20 kilograms
Shot Pou Location: On shot Line Location
Drilling Mcthod: Hehportablie

Recording Equipment

e Recording System: 17O System Two

e Geophones Geospace Model CT 10 Hz marsh phones

Surveying System

e Min of Conventional and GPS survey techmiques
o Duata collected in NADS Y and converted to NAD Y

Terrain
e Mountmmous. Rugged. Varable
o Vartabie Ground Covers Muskeg, Chitts, Stunted Trees, Bush
e loolated Access by Heheopter and by oot

Personnel

o 15 people on shashime s sarvev e and dothing
e 35 people on the seismie recordime cresw mcluding S protessional mountan
chimbers

\

| [‘L'U"lk' ON 2 oTav ity Crews

Weather

o Fachteen davs fost due to mornimye tog raim or atternoon winds




Processing Flow
Performed at Venitas Geophysical Services
e Define Geometry
o Edit Dead. Noisy or Reverse Traces
e Compute Mutes
e Pick First Breaks
* Apply Refraction Statics
o Set Final Datum Elevation = 1250m, Replacement Velocity = 4500m/s
e Processing Datum Set:
e True Amplitude Recovery 1/(time‘velocity*”)
e Surface Consistent Decon (Source, Receiver)
o Apply Residual Statics (Correlation Autostatics)
¢ Apply Normal Moveout Correction
o Apply Non-surface Consistent Trim Statics
e Pre-stack Time Migration




Gravity Operations

Ihe graviey datawas acquired along side of the seismie program A gravits readmye was

recorded every 2 recenver stations tor astation spacing ot 120 metres - Gravity was not

recorded onthe source Tnes The folfow iy i oosummiary of the grav ity acquisition and

processing parameters

Chevron Canada Resources Procram Name Big ISkand 3D

Contracting Crew MWH Gieo Surveys Lid

Acquisition Dates
o Start Survey: June 16, 1998
o Fmish Survey. August 9, 1998

)

o Lengthof Survey 212 hinear kitlometies

o Averave Acquisition Rates 4 7 Kilometies per day

Recording Equipment
o Three Lacoste & Romberg Gomodel Gravity Meters

o Senal numbers 3710332 & 689

Surveying System
o Miv ot Conventional and GPS survey technigues
o Data collected m NADN ind converted to NAD27

Field Procedures
o Al Readings taken withim closed foops
o Al Loops ted to ISGN graviy monument i Fore [ rard
o dnner Terram Corrections cAnnulus Ao Divisually estimated
o O3S umque stations and S repeat stations recorded
o Gty Staaons e located at the Geophone station

o Llevaton and coordmates of Geophone station used tor Giravaty

Processing
e Bougcuer Reduced with density = 255 gmi/em 3
o Lantude correcnion uses 19670 Geodene Reterence System

o Outer Terram Corrections trom 17011 1o 370001




Project Overview

Locality

The program was centied on the Liard Plateau that is sttuated between the Rocky
Mountains to the southwest and the Mackenzie Mountaims to the north - The gross
location of the program s shown on frgure T South of the 60" parallel the stratigraphy
plunges to the south into the Lard Basin: North of the map the reseryorr rock outcrops in
the Mackenzie Mountums To the west the reservorr shales out into a deep paleo basin
To the cast there s only minor structural detormation. Frpare 2 shows a close up ot the
Exploratton Facense 366 and Sigmiticant Discovery Fease 990 wellsoand the seismic and
gravity program completed m 1998 The sersnne and grasaity prociam was named Biy
Istand 3-D Frgure 3 shows the topography of the arca Frgure 4a show s aclose up ot
the Big Island 3-D and figure 4b shows all ot the sceisime data Chevron currently

possesses over SPEYY

Purpose

The purpose ot the yeophysical provram was to rmage the Fort Lrad Reservon The D
20 and =250 wells had both tested gas trom the rescrvorr however, the production rates
were sub-economic and they both had alarge pressure draw down resultimg i bigh water
production. Tt was thought that 1t we could place a borehole e the teservorr where 1owas
highly tractured due to high deviaone stress that the well would be cconomme Hhehily
detormed folds and taults covpicatly at the reservorrs leadimg edge ot the thiast sheet) are

often locattons where wells have high production rates

Aesurtace. the Fort Liard stracture s accomplexty tolded and taulted annchmonum
charactenzed by exposies of Mattson, Flettoand Besa River Formations n the
subsuriace. thrust tavlied and aphitted Besa River and Nahannn Formations core the Fort
Lard Stracture. The Tatter of which s Middle Devontan i age and torms the objectine
reservorr mterval. Geophyvsical techniguies such as cravity and sersmie are necesary 1o

mmage the subsurtace structures that torm the tescrvon
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Results and Interpretation

Stratigraphy

The stratigraphices discussed i this reportare summarized i the stratigraphic chart that
follows (figure $) The stratigraphic column consists ot three major packages - The
youngest is the Mississippian through Cretaceous imestones. sandstones and imterbedded
shales Structures in this upper package are responsible for most ol the topographical
variation in the region. The competent rocks o the Fantasque. Mattson and Fletr tormia
resistive cap protectig mountarntops from croston and addimg 1o the rugged nature ot the
terrain - The second package 15 composed of a monotonous sequence of Middle Devonnan
through Mississippian shales and mimor silistones of the Besa River Formanon The
uppermost portions of this package are exposed at the surtace. locally only at surface
antichines where the upper packages has been breached The N 19 P o6 b S40K 29 and
D29 surtace locations are all on breached antichines where the upper most Besa Rinver s
exposed Dac to the incompetent nature of the Besa River shiles the rock s casihy
detormed  Teacts as a major zone of structural detackment ander B304 and B 363
The oldest package is the Precambrian through Middice Devoman carbonates and clasticos
This 1s the Towest and most competent package. the cppermost portion ot which s the

reseryorr ot nterest

Litho
MYal| Era Period Formation and Lithology tec tonic
West Mac <enzie Mins Ens!
Upper
100 _
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F1 St John .
L ower s
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160
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| Middle
!
| Tower \
a0 Werr
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i Proterozoic
|
l Figure 5




Results and Interpretation

Stratigraphy

The stratigraphies discussed in this report are summarized in the stratigraphic chart that
follows (figure S). The stratigraphic column consists of three major packages. The
youngest is the Mississippian through Cretaceous limestones, sandstones and interbedded
shales. Structures in this upper package are responsible for most of the topographical
variation in the region. The competent rocks of the Fantasque, Mattson and Flett form a
resistive cap protecting mountaintops from erosion and adding to the rugged nature of the
terrain. The second package is composed of a monotonous sequence of Middle Devonian
through Mississippian shales and minor siltstones of the Besa River Formation. The
uppermost portions of this package are exposed at the surface, locally only at surface
anticlines where the upper packages has been breached. The N-19, P-66, E-54, K-29 and
D-29 surface locations are all on breached anticlines where the upper-most Besa River is
exposed. Due to the incompetent nature of the Besa River shales the rock is easily
deformed. It acts as a major zone of structural detachment under EL-364 and EL-363.
The oldest package is the Precambrian through Middle Devonian carbonates and clastics.
This is the lowest and most competent package, the uppermost portion of which is the
reservoir of interest.
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Structure

The Fort Liard structure is composed of a north-trending. uphifted thrust sheet ot Middle
Devonian carbonates. Uplitt ot the thrust sheet is interpreted to have occurred duning the
late stages of the Laramide orogeny . and 18 probably late Cretaceous or carliest Tertiary
inage. The youngest strata involved i the deformation are the Wapiti i behiesed o be
Campanian - Maastnchtian i age A sinuous. west dipping thrust tault torms the castern

‘hevron 10000
L L1
000
" 10
Fasdenn /N Bk Sl
Foner Besi River
2000
\ I\‘
N
Pk S
AN TN nl
yov0m
e
Figure 6 Cross section through the Fort Liard structure at K-29 location. Line of
4
section is approximately east-west with little vertical exaggeration. |
-

houndary ot the gas reseryorr as illustrated on e cross section (Brgare 6) and the
accompanying structure map (Frgare 7). The thrusted sheet of Nahannn s composed of
o subsidiany . en-echelon culminations. both of which are carred by the same thrust
fault A Leral ramp in the fault causes it's map view trace to swiny deamatically cast
westresultimg m the two subsidiary culmimations chigure 7). D 29 and K29 were drilled
in the northern culmimation and F- 254 penetrated the southern culnination

16




Structure

The Fort Liard structure is composed of a north-trending, uplified thrust sheet of Middie
Devonian carbonates. Uplift of the thrust sheet is interpreted to have occurred during the
late stages of the Laramidc orogeny, and is probably late Cretaceous or earliest Tertiary
in age. The youngest strata involved in the deformation are the Wapiti Fm, believed to be
Campanian-Maastrichtian in age. A sinuous, west dipping thrust fault forms the castern

Figure 6 Cross section through the Fort Liard structure at K-29 location. Line of
section is approximately east-west with little vertical exaggeration.

boundary of the gas reservoir as illustrated on the cross section (Figure 6) and the
accompanying structure map (Figure 7)..The thrusted sheet of Nahanni is composed of
two subsidiary, en-echelon culminations, both of which are carried by the same thrust
fault. A lateral ramp in the fault causes it's map view trace to swing dramatically east-
wuae resulting in the two subsidiary culminations (Figure 7). D-29 and K-29 were drilled
in the northern culmination and F-25a penetrated the southern culmination.
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Reservoir

Middle Devonian carbonates, presumed to be largely equivalents of the Nahannt Arnica
and Landry Formations antormally grouped as Nahannt ot Middle Devonan Carbonates
m this report), comprise the reservorrinteryal m this region The mterval iy almost
entirely dolonte and has been extensively altered hoth dragenctically and tectomcally

ypical matnx porosities are low . ranging from 0 to 6 Supenmposed on the diagenetic

fabric 1s i series of tractures that are probably assocrated wath the regronal Laramide
stress-field and the development of the Fort Liard structure - This tracture system tonns
the main permeabihity network within the Middle Devonian reserson intery al

Nearby Analogies

Three nearby fields (Beaver River, Kotaneelee and Pointed Mountam have produced
significant quantities of gas from the Nahanm Formation since the carly 19700~ A
number of other nearby wells such as F-25 and D-29 had also cncountered hy drocarbons,
though their rates were not commercial, These known gas poolsare found m thrust
faulted and uplifted Nahanm Formations - A surtace antichne i often assod ated with the
thrust fault, however. there can be a significant amount ot ottset an the dipdirection)
between the uplifted Nahannt and surface antichne

Big Island 3-D Program

Duc to the complexity of the Fort Liard structuie esee tignres 6.8 7ha 3-D seismie
program was recorded during the summer of 1998, The 3-D sesimie data enable us to
create a 3 dimenstonal pictare of the structure of the reservoir rock. The cross-section
(figure 6) and structure map (hgure 7y were hoth hased on the mterpretation of the 3D
ceismic datas An index map ot the seismic progranm s shownoan heuie 8 and three cross
sectional shees of the seismic data are shown m figures 9. 10and 11 Crosssectional
shice (figure 91 shows the northern calmmation discussed betore Cross-secuonal shees
(figures 10 and 11 show the southern culmination - Compansen ot the three cross
wectional shices shows the structure character (e.g. thrust angle throw S tolding. ete van
stgmificantly along the Fort Liard structure: The types and amounts of detormation ot the
reservorr rock that we obserye on the seismie data provides important mformation on the
tracture network which is important for a high dehverable well

Ihieh resolution cross hines and -l we meluded w ith this ieport. They are wiggle
trace variable area and are plotied at 3 mches per second at 10 traces per el The ynd
ol cross Times and in-hines are suthcienthy regular and dense to make a reasonable tme
structure map of the horizons. Frgures 8 through 11 are meluded i this grid o seismig

lines
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‘ Ficure 8 Index map of Big Island 3-D Survey. Red NX-lines included in I'igurmJ
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Nahanni Structure
Ihe Structure map of Freure 7 was derved tromea e stucture cod and ancaveraee
velocity gnd The nime stracture grrd was derved tromethe honzon prcks ot the topod

the Nahann and the average velocny grnd was derved tromthe D 29 well the B2
well surtace geoloey and anomterpretation ntal attempts (o simply use aconstant
average veloany o convert trom time to depth resulied mea bust of nearls 200 metes
between b 25aand D290 1250 has acheck shotsanvey but the horrzon prck on the 3D
s somew hat mterprenne because the cast dippimg fimb ot the Nahanny at that point s not
wellmaged  The sersie at the Nahanne feveb s welb imaged a1 29 bue D 29 does not
have a check shotsurvey nora complete sonie foe The nearly 200 e bust between
the two wells s Bikely dae o the high velocity Bletebemy croded way at 29 but 600
imetres thick at B 250 The fimal velocity end used the average velocs denved trom the
E-25a cheek shot Tewas shehdy moditied o the 3 D sersnie and veloanty would ne the
well Net the velocrty over D29 was denved o ensure the sesne and veloarty would
te the well The veloaiy was thenmterpolated between the two wells using surtace
ecology as a constramnt. The low average velocity around D-29 was constraned o the
valley where the Tow velocity Besa River shalc nearly outcrops The selocnty was




smoothly increased away trom the valley to reflect the increasing thickness ot the high
. veloaty Flett Frgure 12 shows the tme structure map o the Nahanni and Frgure 13
shows the average veloaty end used o derve the depth structure map
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Seismic Ties to Wells

Figures 15 to 20 show the logs and synthetic seismograms for D-29. F2Saand K29 All
3 wells are located in SDEYY and they all termimated i the Nahanm Figure 15 shows
the K-29 logs in depth and Figure 16 <hows the logs converted to tme along with
synthetic seismogram - The quality of the logs s excellent and the K-29 synthetic
seismogram tie with seismie 1s excellent. The Exshaw has a clean trough. the Lower
Besa River is clean and the Muskwa has a tnple peak followed by the Nahanni peak
Figures 17 and 18 show the logs tor the F-25a well. Figure 17 shows the Jogsan depth
and Figure 18 shows the logs converted to time along with a synthetic seismoygram I'he
horehole conditions are average quality and so the quality of the sonic log s average

The borchole trajectory for F-25a was through a sigmticant fault so ties to the seismic are
difficult in some places. Figures 19 and 20 show the Togs tor the D229 well brgare 19
shows the logs 1 depth and Figure 20 shows the Togs converted to tme along with a
synthetic sersmogram. The borehole conditions are average quahty and so the quadity o
the sonic log 1s average. Typical seismicn the arca shows a strony trough at the
Exshaw. some reflections in the Lower Besa Rivercatnipletin the Muskwa and a peak at
the Nahanni. Full sized plots of Frgures 15 10 20 are cluded wath ths report. The
synthetics are plotted at the same tine ceale as the sersmie hmes (7 S anches per second)
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Figure 18 F-25a synthetic seismogram |
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Figure 19 D-29 logs |
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Figure 20 D-29 synthetic seismogram
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