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METHODOLOGY FOR THE 2005 USGS ASSESSMENT OF OIL
AND GAS RESOURCES, CENTRAL NORTH SLOPE, ALASKA

By John H. Schuenemeyer

Abstract

Undiscovered oil and gas resources in each of 24 plays (assessment units) within
the Alaska Central North Slope were estimated using a deposit simulation analysis in the
assessment by the U.S. Geological Survey in 2005. Plays were identified by assessor
geologists who specified geologic attributes, risks, and number of prospects for each
play. From this information, sizes of oil and gas accumulations were simulated using a
Monte Carlo algorithm. The number of such accumulations considered in a given
simulation run was obtained from the distribution of the number of prospects. Each
prospect in each successful simulation run was risked. This process yielded size-
frequency distributions and summary statistics for the various petroleum categories.
Estimates of resources from individual plays were then aggregated, and measures of
uncertainty computed.

Introduction

The 2005 USGS Central North Slope assessment was performed at the play level
(Bird and others, 2005; Garrity and others, 2005). For each play, assessors specified
distributions needed to generate accumulations of oil and gas, and distributions of the
number of prospects expected to occur. They also specified risk and recovery factors.
The methodology used in this assessment was a modified version of the methodology
(Schuenemeyer, 2003) used in the U.S. Geological Survey’s 2002 assessment of the
National Petroleum Reserve Alaska (NPRA) (Bird and Houseknecht, 2002).
Improvements included separate specification of numbers of oil and gas prospects,
modifications to the input form, expanded graphics, and updated petroleum engineering
models. Minimum reservoir sizes for oil and for gas were established to facilitate
estimation of the number of prospects. Approximate deposit size distributions were
generated at the mean, median, and 5" and 95" levels of uncertainty. The assessment
process was based on expert judgment. The final play forms were developed by
consensus.

This report begins with a discussion of the geologic and engineering input, which
was specified by the assessors for each play and entered on assessment forms. Following
a discussion of input data and construction of oil and gas accumulation distributions, the
Monte Carlo simulation is presented. We conclude with a discussion of the aggregation
procedure.



After presentation of the methodology, results will be summarized for each play
and for the aggregate total of oil and nonassociated gas and derivatives. A detailed
discussion of the results is presented in Garrity and others (2005).

Specification of the input

Information used by the assessment algorithm consisted of statistical models with
parameters and assessor-specified distributions and constants. An assessment form,
which was a modified version of that used in the 2002 USGS NPRA assessment, was
used to capture the distributions and constants for each play. The input for oil, gas, and
number of prospects and risk was specified on Excel' worksheets. We illustrate input
attributes with the Beaufortian Clinoform play forms (table 1a through table 1g). Note
that the information on these forms is for illustration only and may not correspond to the
final play input. The first worksheet (table 1a) provided for the entry of accumulation
attributes for oil, the trap depth distribution, and oil accumulation characteristics. Table
1b displayed a form to specify pairwise correlations between accumulation attributes. It
also displayed engineering computations — the gas to oil ratio (GOR), and a graph (not
shown) of the formation volume factor for oil (FVF,) versus trap depth. In Table 1c the
number of prospects was specified for technically recoverable accumulations of at least 5
mm bbl for oil and 100 bef for gas. Table 1d was used to specify play and prospect risk.
Separate prospect risks were given for oil and for gas. Table le provided for
nonassociated gas volume attributes and gas characteristic values. Table 1f displayed a
form to specify pairwise correlations between accumulation attributes for nonassociated
gas. It also displayed a graph (not shown) of the formation volume factor for oil (FVFy)
versus trap depth.

In addition to specifying fractiles of a distribution, assessors were asked to specify
its shape, which could range from highly right skewed to highly left skewed (table 1g).
This procedure served as a check on the specification of fractiles and as initial values for
the distribution fitting algorithm. General instructions for completing these forms were
provide to each assessor in the protocol (Appendix B).

Minimum accumulation size (MAS)

To avoid the considerable uncertainties associated with assessing a potentially
large number of small prospects, which would be neither technically recoverable nor
commercially viable in the foreseeable future, the assessment team established a
minimum reservoir size or cutoff value for oil and gas. For oil, only deposits of at least 5
mm bbl technically recoverable were considered. For gas, only deposits of at least 100
bef technically recoverable were considered. These choices of MAS allow for fields,
which are now marginally economic, to be considered if the price/cost ratio becomes
more favorable.

' Mention of a brand name is provided for clarification and does not constitute an endorsement by the U.S.
Geological Survey or the author.



Table 1a. Oil attribute input sheet.

Alaskan Assessment Form Rev: 14-Oct-04

PLAY:| Beaufortian Clinoform
Oil Play Area: 1,447 |thousands of acres |

OIL ACCUMULATION ATTRIBUTE DISTRIBUTIONS

Probability (Attribute 3

Knowledge with respect to LTP
ATTRIBUTE Shape |Level 1-3° LTP 0.5 0.05 Max |Analog/data source
NET RESERVOIR THICKNE 2 3 20 40 60 100
AREA OF CLOSURE? 1 3 1 4 15 40
POROSITY?** 4 3 10 13 16 20
TRAP FILL® 8 3 75 90 100 100
HYDROCARBON PORE VOL3* 10 13 16 20
POR*Sw|In-place mm bbl at median depth 11.6 145.2 1117.2 6206.4
6]at median 1.0 17.3 154.7 962.6
1-thickness in feet, 2-thousands of acres, 3-percent, 4-correlation between Porosity and Water Saturation = -1.0
5-Knowledge Level: 1=High, 2=Medium, 3=Low; LTP=Lower Truncation Point
Shape |Level 1-3° Min 0.5 0.05 Max
TRAP DEPTH (in 1000 ft) 5 2 8 10 12 13|Logs & seismic
(from sea level) Surface to sea level correction (1000 ft): 0.24|0IL

OIL ACCUMULATION CHARACTERISTICS

Oil recovery factor % | 40
Type of reservoir-drive (check any that apply):

Water:| Depletion: |x Gas expansion:|
FVF (Formation volume factor, rb/stb): | 1.81](at median depth) FVF=0.972+0.000147*F*.175

(see QilDet sheet)
NGLR (Natural gas liquids to associated gas ratio, bbls/million cu.ft., at stp)= 4.5985*exp(.1711*TD)

| 25.5|(at median depth)
Oil quality parameters:
API gravity 40
Oil Grav (ratio) 0.825
Sulfur content of ol 0.10%
Associated gas quality parameters:
Hydrogen sulfide % 0
CO2 contamination % 0
Other inert gases:
Name: Percent:
Name: Percent:

TIME OF TRAP DEVELOPMENT BEGIN PEAK END
STRATIGRAPHIC COMPONENT (Ma) 159 135 130
STRUCTURAL COMPONENT (Ma) 100 65 25

Assessor's Name: |DWH

Date of Data Entry MM/DD/YYYY: 9/20/04

Date of Simulation Run MM/DD/YYYY: 10/15/04




Table 1b. Oil correlation attributes and engineering computations

Alaskian Assessment Form Rev: 14-Oct-04
PLAY:|Beaufortian Clinoform |

OIL ACCUMULATION ATTRIBUTE DEPENDENCIES

NET
RESERVOIR AREA OF HYDROCARBO
Correlations THICKNESS CLOSURE TRAPFILL N PORE VOL
NET RESERVOIR THICKNESS 1 0.0 0.0 0.0
AREA OF CLOSURE 0.0 1 0.0 0.0
TRAP FILL 0.0 0.0 1 0.0
HYDROCARBON PORE VOL 0.0 0 0 1

FVF (Formation volume factor, rb/stb):

Median Trap Depth:| 10

Pressure, psi (P) 5000| Pressure=TrapDepth(thous ft)*0.5*1000
Temp, deg F (T) 220| Temp=19*TrapDepth+30
Soution Gas Gr (SGG) 0.767|SGG=((0.1402*LN(P+14.7)-0.4227)+(0.1369*LN(T)+0.0156)+(0.1704*LN(API_gravity)+0.1469))/3
Uncorrected GOR 1555| Uncorrected GOR=SGG*((P+14.7)*107(0.0125*API_gravity)/(18*10~(0.00091*T)))*(1/0.83)
Final GOR at median depth 1338 Approx final GOR If(Uncorrected GOR <= 1800, 0.86*Un GOR, Un GOR)
|F 1565|F= Final GOR*(SGG/OG)"0.5+1.25*T

Notes:

Final GOR at median depth is associated gas to oil ratio, cu.ft./bbl, at stp
LN is log base e

Assessor's Name: [DWH |
Date of Data Entry MM/DD/YYYY: 9/20/04
Date of Simulation Run MM/DD/YYYY: 10/15/04




Table 1c. Number of prospects distributions

Alaskan Assessment Form

PLAY:

|Beaufortian Clinoform

Oil Play Area:
Gas Play Area:

1,447 thousands of acres
1,632 thousands of acres

OIL PROSPECTS

MINIMUM ACCUMULATION SIZE, MAS

Rev: 14-Oct-04

5/mm bbl, recoverable

Knowledge Prob (Num. of
Shape |Level 1-3° Min 0.5 0.05 Max
[NUM OF PROSPECTS 2 20 40 60 100
5-Knowledge Level: 1=High, 2=Medium, 3=Low
Size thousands acres (median closure): 80 160 240 400
percent of oil play area 5.5 11.1 16.6 27.7
NONASSOCIATED GAS PROSPECTS
MINIMUM ACCUMULATION SIZE, MAS 100]bcf, recoverable |
Knowledge Prob (Num. of
Shape |Level 1-3° Min 0.5 0.05 Max
NUM OF PROSPECTS 2 20 40 60 100
5-Knowledge Level: 1=High, 2=Medium, 3=Low
Size thousands acres (median closure): 120 240 360 600
percent of gas play area 74 14.7 22.1 36.8
Assessor's Name: [DWH |
Date of Data Entry MM/DD/YYYY: 9/20/04
Date of Simulation Run MM/DD/YYYY: 10/15/04




Table 1d. Prospect and play risking.

Alaskan Assessment Form

Play:|Beaufortian Clinoform

PROSPECT & PLAY RISKING

PLAY
ATTRIBUTES

ATTRIBUTES OF FAVORABLE

CHARGE (C)
TRAP/ROCK (T)
TIMING (F)

[ 14-Oct-04

Probability that play contains at least 1 reservoir >= minimum accumulation size (CxTxF)
Note: Specification of both Oil and Gas play risk attributes implies definition of separate oil & gas plays

PROSPECT
ATTRIBUTES

CHARGE (c)
TRAP/ROCK (t)
TIMING (f)

0.90

0.20

1.00

Probability that a randomly chosen prospect >= minimum accumulation size is favorable (cxtxf)

Play Attributes x Prospect Attributes (Cx TxFxcxtxf)

Allocation (percent):

0.6
_NAGas
0.9
0.2
1

0.18

0.108

Land Area

Qil Vol

Gas Vol

Percent state

State

Onshore

Offshore

Percent native

Native

Onshore

Offshore

Total percent

Assessor's Name:

[DWH

Date of Data Entry MM/DD/YYYY:

Date of Simulation Run MM/DD/YYYY:

9/20/04

10/15/04

0.18

0.108



Table 1e. Nonassociated gas input sheet.

Alaskan Assessment Form | 14-Oct-04
PLAY: Beaufortian Clinoform
Gas Play Area: 1,632|thousands of acres |

NONASSOCIATED GAS ACCUMULATION ATTRIBUTE DISTRIBUTIONS

Probability (Attribute 3
Knowledge with respect to LTP
ATTRIBUTE Shape |Level 1-3° LTP 0.5 0.05 Max |Analog/data source
NET RESERVOIR THICKNE 2 3 30 50 80 100
AREA OF CLOSURE? 2 3 3 6 15 40
POROSITY?** 4 3 10 12 14 18
TRAP FILL® 8 3 75 90 100 100
HYDROCARBON PORE VOL** 10 12 14 18
POR*Sw In-place bcf 0.29 1.41 7.32 31.36
6]depth 0.0 0.0 0.0 0.0
depth 0.0 0.0 0.0 0.0
depth 0.0 0.0 0.0 0.0
1-thickness in feet, 2-thousands of acres, 3-percent, 4-correlation between Porosity and Water Saturation = -1.0
5-Knowledge Level: 1=High, 2=Medium, 3=Low; LTP=Lower Truncation Point
Shape |Level 1-3° Min 0.5 0.05 Max
TRAP DEPTH (in 1000 ft) 5 3 10 14 16 18
(from sea level) Enter surface to sea level correction (1000 ft): 0.52|GAS

NONASSOCIATED GAS ACCUMULATION CHARACTERISTICS

NA Gas recovery factor % | 70
Type of reservoir-drive (check any that apply):

Water:| Gas expansion:|

Natural gas liquids plus condensate to non-associated gas (bbls/million cf) (in place):
NGL-NAG=1.785*TD | 25.0{(at median)
Nonassociated gas quality parameters:

Hydrogen sulfide % 0
CO2 contamination % 0
Other inert gases:
Name: Percent:
Name: Percent:
Gas fvf 176.7|min depth Gas fvf= 752.2*(1-EXP(-0.05728*TD)) TD<=5.67 thous ft
281.4|median depth 113.3+21.1*TD-0.812*TD*2+0.0116*TD"3 5.67<TD<=30
297.7|max depth TD=trap depth (thous ft)

For Nonassociated Gas Accumulation:

TIME OF TRAP DEVELOPMENT BEGIN PEAK END
STRATIGRAPHIC COMPONENT (Ma) 159 135 130
STRUCTURAL COMPONENT (Ma) 100 65 25

Assessor's Name: |DWH Enter this info on Oil sheet

Date of Data Entry MM/DD/YYYY: 9/20/04

Date of Simulation Run MM/DD/YYYY: 10/15/04




Table 1f. Nonassociated gas correlation attributes and engineering computations

Alaskan Assessment Form
PLAY:|Beaufortian Clinoform

GAS ACCUMULATION ATTRIBUTE DEPENDENCIES

NET

RESERVOIR AREA OF HYDROCARBO

Correlations THICKNESS CLOSURE TRAPFILL N PORE VOL

NET RESERVOIR THICKNESS 1 0.0 0.0 0.0
AREA OF CLOSURE 0.0 1 0.0 0.0
TRAP FILL 0.0 0.0 1 0.0
HYDROCARBON PORE VOL 0.0 0 0 1
Assessor's Name: |DWH
Date of Data Entry MM/DD/YYYY: 9/20/04

Date of Simulation Run MM/DD/YYYY:

10/15/04




Table 1g. Shapes to be used to specify accumulation attributes, trap depth, and number of prospects.

(Domains in these examples are 0 to 1.)

Probability Density Cumulative Density
Shape 1
J-shaped (mode=0} J-shaped (mode=0)
F95 0.01
¢ F50 0.13
F05 0.45
S [ Mean 0.33
Shape 2
Right (positive) skewed Right (positve) skewsd
ot (pestive) skee F95 0.05
F50 0.23
F05 0.52
\ Mean 0.25
Shape 3
Left {(negative) skewed Left (negative) skewed
F95 0.48
E F50 0.77
F05 0.95
g \ Mean 0.75
Shape 4
Symmetric-Normal Symmetric-normal
T F95 0.23
§ F50 0.50
| F05 0.77
i \ Mean 0.50
Shape 5
Symmeric-Uniform Symmetric-uniform F95 0.06
. F50 0.50
e F05 0.94
pe i " \ Mean 0.50
oo it ; A e
r"ﬂ (l" (V‘e MLJ r"z» r'.!) !‘.IK r'.'/ r:'ﬂ r:'&l 1‘() 07 08 08 0
Shape 6  Complement of J (mirror image of shape 1).
w F95 0.99
. / F50 0.87
: / FO05 0.55
H i /
§ i ) - 0
on / \ Mean 0.67
o P

Shape 7 Same as shape 6 except with 0.50 probability at maximum (comp j-1) .
Reserved for specification of trap fill

ie| LTP | 05 | 005 | Max
X 60] 100] 100] 100

Let X be trap fill
If X < 100 shape is inverted J with Prob (LTP <= X < 100) =0.5
Prob (X=100) = 0.5

Shape 8 Same as shape 6 except with 0.05 probability at maximum (comp j-2) .
Reserved for specification of trap fill

ie| LTP | 05 | 005 | Max
X 60] 80] 100] 100

Let X be trap fill
If X < 100 shape is inverted J with Prob (LTP <= X < 100) =0.95
Prob (X=100) = 0.05




