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Purposes of this Study

To understand regional relative differences in Cook Inlet
basin uplift history.

To attempt, using public data sources, a Cook Inlet
basin relative uplift model similar to other proprietary
evaluations done in the past.

To provide interpretation of distinctive patterns present
in Cook Inlet basin compaction trends.

To aid in the development of geohistory models for
Upper Cook Inlet Basin wells.



Premises

By use of shale compaction data (sonic logs)
thicknesses of sedimentary sequences removed by
erosion (i.e. uplift) can be estimated (Magara, 1976 &

1978).

Compaction in sediments is a one-way street. Rebound
does not occur when overburden is removed or
pressure is reduced. The sonic log thus records the
maximum compaction achieved at typically the greatest
depth.



Preface to governing equation

Porosity decreases with increasing depth.

Rate of porosity decrease is exponential (faster at
shallower depths, slower at greater depths).

Porosity can be influenced by anomalously high
subsurface fluid pressure (over-pressured zones)
leading to greater than expected porosities.

(Magara, 1978)



Equation 1

Porosity/depth relationship (at hydrostatic fluid pressure)

P = P e (1)

where ¢ = shale porosity at depth (2)
¢, = shale porosity at surface (Z=0)
e = base of the natural log
¢ = constant (length1) indicating slope of the normal compaction trend
/Z = depth

Because shale porosity (¢) at depth is difficult to obtain, sonic log transit time (DT)
may act as a proxy for ¢. Therefore substituting DT for ¢ in (1) above yields:

DT = DT'Oe'CZ (1a)

where DT = sonic log transit time (us/ft) at depth (£)
DT , = extrapolated transit time (us/ft) at surface (Z=0)
(Magara, 1978)



yidag

Transit Time >
(Logarithmic Scale) /DT
> /
=
: /
=
g /
&£

Present Surface

Modified from Magara, 1978

Relationship of DT,,,, DT,

and DT'g

DT, = sonic log transit times (us/ft)
from which normal compaction trend
is regressed.

DT, = extrapolated surface transit
time (us/ft) at original surface when
significant uplift has not occurred.

DT , = extrapolated surface transit
time (us/ft) at present surface when
uplift has occurred.



Cook Inlet Stratigraphy and Petroleum Plays
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1 1 1 1 | 1 1 | 1 | 1 | 1 1 1 a— —
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N
-‘-"‘--._______ -
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57 .
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= = =
Matanuska o =z =
= 3 =
Cretaceous | [ [ [ [ ][] ]]] B G
Herendeen / Nelchina 3
L o g g g
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0000 1|
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n i M. Jurassic: McArthur River Middle Jurassic
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= ——208 . ne ae e Upper Triassic
Tna_s_s|c Kamishak Gas accumulations (italics) carbonates

Meodified by Alaska DOG / DGGS staff from
USGS 1995, MMS 1995, Swenson 2003, Curry ef al. 1993
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Methods

Sonic log (DT, editing workflow

Edit DT,
Remove poor data quality zones, cycle skips, and coals.

Apply Spontaneous Potential (SP) curve delimiter

Retain DT,,, only where baseline shifted SP = 95-100mv
in an attempt to model only the shaliest lithologies.

Edit DT, slope trends

Remove effects of remnant non-shale lithologies, such
as conglomerates and volcanics.

Remove obvious fluid effects due to proximal gas fields.
Remove over-pressured zones.
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Raw data
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Basic edit
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SP delimiter >97 mv
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indicated by marked increase in sonic velocity.

Units manipulation: Transit time (us/ft) vs. velocity (ft/s)
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Basic edit
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Basic edit
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Relative Uplift Estimation

[Well of interest (intercept) - Calibration well (intercept)]

Well of interest (slope)
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Number of Occurrences

HISTOGRAM: DT/DEPTH TERTIARY REGRESSION SLOPES FOR 59 UPPER COOK INLET WELLS

RED: Bishop Creek Unit 11-11 (calibration well); slope: -15x10®
: 13 wells; slope: -20x107® to -25x10®

BLUE: 12 wells; slope: -25x10°to -30x10°®
GRAY: 33 wells dropped due to slope dissimilarity.
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Slope Contours



DT-Depth plot slope regression for calibration well and two representative wells
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DT-Depth plot comparison for slope range: -20.0x10°to -25.0x10°°
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DT-Depth plot comparison for slope range: -25.0x10°to -30.0x10°
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Uplift Contours



Relative Uplift Contour Map
with faults and folds

Uplift values relative to

A NE-SW trending “uplift high” defined
BCU 11-11 (+ 200 ft)

by NFU 41-35 (~12,000 ft), SDGU 1
(~11,500 ft), and Bede 1 (~11,000 ft)
runs roughly parallel to but west of the
Border Ranges Fault.

/ // RGN .\ - Bede 1 is located on the south
- il e 7 shoulder of the ESE-WNW trending
y Seldovia Arch.

cLAM,)G"Lg.é: X i =
A Seismic data suggest coeval Seldovia
(/. /EDNAMAY WALKER1 / ) .

S/ Arch uplift and Sterling, Beluga, and
e S8 upper Tyonek Formation deposition.
Q Q)

NFU 4748 (;< ,
o1 QQ%‘/

. "4 Bede 1 well (~11,000 ft relative uplift)
Ay +. IS missing Sterling and Beluga section
suggesting >11,000 ft relative uplift

has occurred along the Seldovia Arch.

Uplift Contours



Conclusions

1) Differential uplift throughout Upper Cook Inlet basin has occurred.

2) BCU 11-11 serves as the calibration well against which relative uplifts are measured. It’s
location is the area of least uplift (corroborated by base-Tertiary map).

3) A NE-SW oriented trend averaging ~11,500 ft relative uplift is located west of and sub-
parallel to the Border Ranges Fault and could be related.

4)1G 1 and Bell Is 1 are located in the area of least relative uplift (~2,700 ft).
o) The average relative uplift of the 25 wells analyzed is 7,200 ft.

6) 12,000 ft of relative uplift has occurred in NFU 41-35. Assuming layer-cake stratigraphy
8,900 ft (~75%) can be attributed to missing section: unconsolidated, Sterling (SRLG), and
some Beluga (BLUG).

BCU 11-11: SRLG top 4,476’ tvd BLUG top 8,918’ tvd ==
NFU 41-35: - BLUG top 1,545’ tvd TYNK top 4,835’ tvd



Next Step

Incorporate uplift estimates into geohistory models for Upper Cook Inlet wells
in order to estimate petroleum migration pathways and reservoir potential.
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