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Disclaimer

The following disclaimer applies to this report and any interpretation provided by
Schlumberger Data and Consulting Services (DCS):

ANY INTERPRETATION, RESEARCH, ANALYSIS, OR RECOMMENDATION
FURNISHED WITH THE SERVICES OR OTHERWISE COMMUNICATED BY
SCHLUMBERGER DCS TO CUSTOMER AT ANY TIME IN CONNECTION WITH THE
SERVICES ARE OPINIONS BASED ON INFERENCES FROM MEASUREMENTS AND
EMPIRICAL RELATIONSHIPS AND ASSUMPTIONS, WHICH INFERENCES AND
ASSUMPTIONS ARE NOT INFALLIBLE, AND WITH RESPECT TO WHICH
PROFESSIONALS IN THE INDUSTRY MAY DIFFER. ACCORDINGLY,
SCHLUMBERGER DCS CANNOT AND DOES NOT WARRANT THE ACCURACY,
CORRECTNESS OR COMPLETNESS OF ANY SUCH INTERPRETATION OR
DESCRIPTION. CUSTOMER ACKNOWLEDGES THAT IT IS ACCEPTING THE
SERVICES "AS IS", THAT SCHLUMBERGER DCS MAKES NO REPRESENTATION
OR WARRANTY, EXPRESS OR IMPLIED, OF ANY KIND OR DESCRIPTION IN
RESPECT THERETO, AND THAT SUCH SERVICES ARE DELIVERED WITH THE
EXPLICIT UNDERSTANDING AND AGREEMENT THAT ANY ACTION CUSTOMER
MAY TAKE BASED ON THE SERVICES RECEIVED SHALL BE AT ITS OWN RISK
AND RESPONSIBILITY AND CUSTOMER SHALL HAVE NO CLAIM AGAINST
SCHLUMBERGER DCS AS A CONSEQUENCE THEREOF.

CUSTOMER CONFIRMS THAT SCHLUMBERGER DCS HAS MADE NO PROMISE
OR STATEMENT REGARDING THE SERVICES THAT IS INCONSISTENT WITH
THESE TERMS OR THE SERVICE ORDER, OR THAT HAS CREATED, OR
AMOUNTED TO A WARRANTY THAT THE SERVICES WOULD CONFORM TO ANY
SUCH PROMISE OR STATEMENT, AND SCHLUMBERGER DCS DISCLAIMS ANY
AND ALL WARRANTIES REGARDING THE SAME.

Schlumberger DCS is an industry leader in working jointly with clients to solve reservoir
and production problems associated with oil and gas field development in a fully
integrated manner that provides process controlled innovative, practical and cost-
effective solutions.
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Executive Summary

This report by Schlumberger Data and Consulting Services (DCS) summarizes the
evaluation of the SE Jonah Prospect (Prospect), which covers 2,480 acres in T27N
R107W, Sublette County, Wyoming (Figure 1). This report has been re-issued to Grid
Petroleum (Grid). The Prospect is located 6 miles southeast of the prolific Jonah Field
which has reserve estimates ranging from 8 to 15 TCF. Production in this field is from
fluvial sandstones of the Late Cretaceous Lance and Mesaverde formations and Early
Tertiary Fort Union Formation (Figure 2). The western part of the Prospect is included in
the 19,290 acre Teakettle Federal Unit which was proposed by EnCana USA (EnCana)
in 2005. At the present time it is uncertain if EnCana will move ahead with forming this
unit. It is possible that they may be willing to entertain offers on their acreage position.

The objectives of this evaluation were to:

e Review existing seismic over the Prospect and make recommendations on
possible purchase,

e Review the available maps, wells and seismic data to evaluate the feasibility of
the Prospect,

e Undertake a data audit of available public data,

e Provide an evaluation of industry activity in and around the Prospect

e Review production from surrounding fields in the Lance Formation to determine
potential production rates, original gas — in — place (OGIP) and estimated ultimate
recoveries (EUR),

e Assess possible drilling locations based on available geological, geophysical and
engineering data.

e Provide recommendations for additional data purchase and acquisition including
seismic.

Based on the available geological and engineering data the SE Jonah Prospect has a
good probability of encountering producible hydrocarbons. Many of the geological
features and conditions are similar to those found at Jonah Field. The major difference
between the Prospect and Jonah Field is the pressure gradient. In the area surrounding
the Prospect the pressure gradient averages 0.65 psi/ft. At Jonah the pressure gradient
averages 1.15 psi/ft after the base of the Fort Union and is responsible for the high
production rates.
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A SW-NE aligned anticlinal nose, which plunges toward the NE, and trends almost
directly through the middle of the Teakettle unit at top of the Fort Union Coal Zone and
Lance Formations. This feature is most prominent in the Sublette Flat #1 well (sec 7,
T27N, R107W) and Sagebrush Federal #3-8 well (sec 8, T27N, R107W); both located
within the northeastern part of the unit and on the acreage. Gross sand in the Lance
Formation, which is the primary reservoir interval, exceeds 1000 feet in the Prospect.
This area of higher gross sand thickness trends to the northwest through Jonah Field. A
similar fluvial environment of channel sandstones with interbedded floodplain shales,
which occurs at Jonah Field, is expected in the Prospect.

The OGIP and EUR on a ‘per well basis’ were calculated for the Prospect by integrating
the available geological, petrophysical and reservoir engineering data, and the results
are presented in the following table.

G .

Case Sr;nsds Drainage | OGIP Recovery EUR

t acres MMscf Factor MMscf

Low - 560 10 474 54% 256
10 acre
Base -~ | 1000 10 1786 66% 1179
10 acre
High— 1 1459 10 6456 80% 5165
10 acre
Low-20 | g9 20 949 42% 399
acre
Base — | 1000 20 3572 57% 2036
20 acre
High— 1 1459 20 12912 70% 9038
20 acre

The low, base and high cases (P10, P50 and P90) were calculated by varying the gross
sand thickness and recovery factor. Gas reservoirs with no or low liquid production can
commonly have recovery factors in excess of 80%. The values used for recovery factor
in this evaluation are conservative. OGIP volumes for the acreage positions are
provided in the following table for the current acreage of 2,480 acres and the entire
Teakettle Unit which consists of 19,290 acres:
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SE Jonah Prospect Teakettle Unit
Case OoGIP Recovery | EUR OGIP Recovery | EUR
Bscf Factor Bscf Bscf Factor Bscf
Low 118 54% 63.7 915 54% 494.1
Base 443 66% 292.4 3445 66% 2273.7
High 1601 80% 1280.8 12,454 80% 9963.2

An analysis of the production and completion results in the Prospect and the
surrounding area indicate that under-stimulation occurs in some of the wells. Optimized
completions may result in higher initial productive rates and EURs.

Moving forward, the following recommendations and observations are being made for
the Prospect:

There is a good possibility of productive hydrocarbons being encountered in the
Prospect and the surrounding area. The geological, petrophysical, and
engineering conditions are similar to the giant Jonah Field. The one difference is
the lower pressure gradient in the Prospect area, which will result in lower
production rates.

At the present time it is possible that Grid may be able to assist EnCana in
promoting activity in the Teakettle Unit. This may allow Grid to secure a
substantially larger position in the area.

Additional seismic should be acquired over the Prospect either by purchase or
shooting. This will allow for more subsurface control and better positioning of
drilling locations

At the present time it is difficult to make a firm drilling recommendation. While the
Prospect is on a structural high it would be better to acquire and review the
available seismic data before selecting a drilling location. Construction of a three
dimensional property model that incorporates a more rigorous petrophysical
evaluation would provide a more accurate assessment of OGIP and production.

A more detailed review of the geological, petrophysical and engineering data is
presented in the following sections.
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Geology

Introduction

The interval of interest for this study is the fluvial Cretaceous Lance Formation,
which lies below the fluvial Tertiary Fort Union and inter-fingers at its base with
the Cretaceous Mesaverde Formation. Maps and representative well-log cross
sections are included with this study as PDF files in large format and are referred
to in the following discussions.

A brief discussion of data, methods, and results of the geologic study is
presented in the following sections.

Data and Methods

A model encompassing most of six (6) townships (T26 — 28N, R107 -108W) and
excluding Jonah Field in the northeast part of the area was prepared in Petra®
with data extracted from IHS and other vendors for well locations, tops, and
Township/Range/Section data (Map 1). The outline of the acreage, the proposed
Teakettle Unit and South Pass Shear Fault were added to the maps based on an
EnCana map provided during the original evaluation.

Rasters (tiff images) of thirty-four (34) wells were available from MJ Systems and
were input into mapping/correlation software from Petra (IHS). These wells
formed the basis for this interpretation, maps, and net sand and are highlighted
with a purple circle on all of the maps. A variety of logs were available, some
penetrated only part of the formations mapped in this study, and some were not
suitable for tabulating net sand (e.g., lithologic logs, and some gamma ray logs
that appeared top be incorrectly calibrated). Stratigraphic cross sections A-A’, B-
B’, and C-C’ are located on the Base Map (Map 1) and are included as large size
PDF files and one set of paper copies. Cross sections were datumed on the top
of the Lance Formation to more explicitly show variation in thickness of the Lance
Formation and variation of net sand content.

Tops for the Fort Union Coal Zone, the Lance and the Mesaverde formations
were picked based on correlations with a well in southeast Jonah Field; 4-18

® Product of IHS
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Jonah Federal (NWNW sec 18, T28N, R108W). Not all wells were logged
through the top of the Fort Union Coal Zone, and several wells did not penetrate
the Mesaverde Formation, which meant that a Lance isopach could not be
generated in these wells. All formation tops are best picks based on log
character but tops are an interpretation by DCS and are subject to change. The
variations of the tops data compiled by IHS are an indication of the difficulty of
making picks from the logs in this area, but are consistent based the position of
the Fort Union Coals, and the interval at the base of the Lance where Mesaverde
shales become more prominent. There may be upside potential in Tertiary sands
in the Fort Union, and within the Mesaverde, but these were not examined in this
study.

Gross sand, defined as sand cleaner than a gamma ray cutoff of 75° API in most
wells and 60° API in several wells where the calibration appeared to give too
much clean sand, was counted in the Lance Formation. Gross sand was not
counted in wells that did not penetrate the entire Lance Formation in order to
eliminate the minimum thickness bias that would be imparted to the isopach
maps.

Data posted around the well symbol are well name and top for all wells above the
well symbol, and subsea structural elevation, isopach thickness, or gross sand

thickness on the respective maps. Maps included are listed in Table 1.

Table 1: List of maps

Map Description
Map 1 | Basemap
Map 2 | Structure at top Fort Union Coal Zone
Map 3 | Structure at top Lance Formation
Map 4 | Structure at top Mesaverde
Map 5 | Fort Union Thickness Isopach
Map 6 | Lance Formation Isopach
Map 7 | Gross Sand Isopach, Lance Formation
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Structure Maps

Subsea structure maps for the top of Fort Union Coals, Lance Formation, and
Mesaverde Formation within the study area (Maps 1, 2 and 3) show a basinward
deepening from southwest toward the northeast. In general there is about 2200
feet of structural difference at the tops of both the Fort Union Coal Zone and
Lance Formations (Maps 1 and 2), and 3500 feet of difference in the Mesaverde
Formation (Map 3). The latter increase in structural difference reflects thickening
of the Lance Formation toward the northeast (see also Map 6).

A SW-NE trending, NE plunging, anticlinal nose is an especially noticeable
feature that breaks regional basinward dip is present on all of the maps, but more
prominent at the top Fort Union and Lance formations. This anticlinal nose
trends almost directly through the middle of the Teakettle unit on both maps, and
is most prominent in the Sublette Flat #1 well (sec 7, T27N, R107W) and
Sagebrush Federal #3-8 well (sec 8, T27N, R107W) within the northeastern part
of the unit and on the acreage. The exact location of the South Pass Shear Fault
may actually be a few miles northwest of where it is shown on the maps. Seismic
data could be used to better define its location. In any case, the anticlinal nose
can be defined from well control in the area. This nose is also present on the
Mesaverde Formation structural map (Map 3), but is less prominent in the unit
area It does, however, represent an area of change of dip direction into the
basin.. A seismic line through this area confirms the presence of this nose.

Isopach maps

Isopach maps of the Fort Union Coal Zone (top Fort Union Coal Zone to top
Lance Formation-Map 5), and Lance Formation (top Lance Formation to top
Mesaverde Formation-Map 6) were prepared from the available data. The
interval thicknesses are given in Table 2.

The Fort Union Coal Zone varies from about 930’ to 1100’ thick in wells with data.
Thickness decreases from southwest to northeast on the map, probably reflecting
decreasing thickness of continental environments toward the basin during
deposition. In the same vicinity of the anticlinal nose on the Fort Union and
Lance structure maps, there is a thinning of the Fort Union Coal Zone. This could
be a reflection of deposition over a growing anticlinal structure during the
Laramide Orogeny, or could be a result of mis-picks in these wells.
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The Lance Formation thickness isopach (Map 6) shows thickening of roughly
100+ feet per mile toward the north-northeast. This reflects both interfingering of
the continental fluvial Lance Formation with the marine Mesaverde Formation,
and greater basin subsidence toward the northeast during Lance deposition.
Additionally, the Lance is thinner toward the southeast, possibly reflecting
movement along the fault shown on the maps.

Gross Sand

Total gross sand for the Lance Formation varies from 585 feet to 1737 feet in
wells (Table 2). The lowest gross sand values occur south and west of the
Teakettle unit, and the greatest is just northeast of the unit and the acreage
position. Most wells within the Teakettle Unit did not penetrate the full thickness
of the Lance and for this reason were not tabulated. However, Sagebrush
Federal 3-8 located on the acreage has over 1000 feet of net sand and based on
the contours much of the Teakettle Unit has over 800 feet of sand that meet the
gross sand cutoff criteria of 60° or 75° API units. Just northeast of the unit, gross
sand reaches its greatest thickness of over 1700 feet. Note that some of these
wells with the greatest gross sand thickness were counted with more stringent
60°API because of questionable calibrations based on log character and could
actually be higher.

The trend of thick sand fairways and thin sand in Jonah Field are northwest to
southeast based on much denser data (see AAPG Studies 52/RMAG 2004
Guidebook)*. Fluvial channels flowed generally from northwest to southeast and
preferential deposition in channel belts created the NW-SE trending fairways.
This trend is not apparent on the data in the acreage, but may be an artifact of
contouring widely spaced well data.

10/19



Schiumberger

Production and Reservoir Engineering

The objectives of this production and reservoir engineering review were to:

e Audit the available public data,

e Provide an evaluation of industry activity in and around the Prospect

e Review production from surrounding fields in the Lance Formation to
determine potential production rates, gas-in-place (GIP) and estimated
ultimate recoveries (EUR),

e Provide recommendations for additional data requirements.

Figure 1 shows the prospect area with surrounding wells. Tables 3 and 4 are
summaries of the original gas-in-place (OGIP) and estimate ultimate recovery (EUR) for
the Prospect and also the Teakettle Unit based on the engineering review and technical
literature. Figures 3 and 4 show the detailed properties used to compute these values.
Note that net (potential pay) sand thickness varies from 35-50% of gross sand (Tables 3
and 4). The use of net sand in the calculation will directly result in lower EUR values.

Table 3: Summary GIP and EUR values:

Case Gross Sand | Drainage OGIP Recovery EUR
ft acres MMscf Factor MMscf

Low - 10 acre | 560 10 474 54% 256

Base — 10 acre | 1000 10 1786 66% 1179
High — 10 acre | 1720 10 6456 80% 5165
Low - 20 acre 560 20 949 42% 399

Base — 20 acre | 1000 20 3572 57% 2036
High — 20 acre | 1720 20 12912 70% 9038
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Table 4. Summaries of OGIP and EUR for the Prospect (current acreage) and
Teakettle Unit

Current Acreage Teakettle Unit
Case OoGIP Recovery | EUR OGIP Recovery | EUR
Bscf Factor Bscf Bscf Factor Bscf
Low 118 54% 63.7 915 54% 494.1
Base 443 66% 292.4 3445 66% 2273.7
High 1601 80% 1280.8 12,454 80% 9963.2
Data Audit

Public data used in this review were obtained from the Wyoming Oil and Gas
Commission and a subscription database for production and well data. Public
data from the state of Wyoming was available from http://wogcc.state.wy.us/. The
production and well data subscriptions are available from PI/Dwights Plus (IHS
Energy).

Subscription production and well data from PI/Dwights was the origin of the
production database in Oilfield Manager' (OFM). The OFM database contains
well locations of producing, exploratory, abandoned and permitted wells in the
area. The production data was reviewed and subsequently used for decline curve
analysis (DCA).

The Wyoming Oil and Gas (WOG) site provided additional well reports, several
core data reports and pressure data from drill stem tests (DST). Data and forms
downloaded from the WOG site are available electronically.

Four (4) DSTs exist in the WOG public records for the study area; however, none
are in the actual Prospect area. Furthermore, many pressure tests were not
utilizing tight-gas sand testing concepts, so the results were not useful (i.e.
testing times never left wellbore storage). However, two drill stem tests in the
general study area did provide suitable pressure data to provide ranges for the
analysis. The pressures from these two wells (Jonah Gulch land Golden Rod 1)
are shown in Figure 5 and indicate the area is slightly over-pressured in the

" mark of Schlumberger
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Lance Formation. The pressure model for the Jonah area is plotted for reference
purposes.

Five (5) wells with core data were found in the general study area; however, none
in the actual prospect area. These files were in pdf format and were initially only
visually reviewed. Three (3) core report files were converted to obtain depth
versus porosity and porosity versus permeability charts and to investigate
potential relationships. The depth versus porosity graph for the Jonah Federal 2-
5 well is shown in Figure 6. The porosity-permeability plot is shown in Figure 7.
Both figures show different values at different net overburden (NOB) or net
confining pressures. Figure 8 for the Hacienda 6-19 well shows depth versus
porosity for the Lance sands. Figure 9 shows depth versus porosity for the Lance
and deeper Mesaverde sands for the Cabrito 30-30 well. These values fit with the
petrophysical analysis performed by DCS for this well.

Original Gas-In-Place Estimates

The original gas-in-place (OGIP) estimation was performed by integrating the
available geological, petrophysical and reservoir engineering data. Where
property distribution data were available, the P10 value was used for the low
case, the P50 value was used for the average case and the P90 values was used
for the high case of OGIP (Figures 3 and 4). When property distributions were
not available, ranges of the properties from literature were used to be able
provide low and high estimates of OGIP.

During the geological review, gross sand values were determined from analysis
in Petra software. The gross sand values for wells in the prospect area were
utilized in conjunction with the petrophysical analysis to determine OGIP. Figure
10 shows the gross sand in the Lance as a cumulative probability plot.

Petrophysical analysis was performed on the Hacienda 6-19 well which is
northwest of the acreage. This well was chosen because it provided the most
comprehensive data set. The ranges of pay for porosity and water saturation
were used as ranges in the OGIP calculations. Figure 11 is a cumulative
probability plot of the porosity distribution calculated from the petrophysical
analysis. Figure 12 is a cumulative probability plot of the water saturation
distribution calculated from the petrophysical analysis. Cutoffs for pay were 4.5%
porosity and 65% water saturation. The OGIP for the low, average and high
cases (P10, P50 and P90) using gross sand thicknesses are shown in Table 3.
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Once a better property distribution is known, a three dimensional property model
would provide a more accurate assessment of OGIP. Additionally, a Monte Carlo
or statistical analysis would provide enhanced understanding of the range of
OGIP results.

Production/Completion Engineering Review

Once the production database was complete, a decline curve analysis (DCA) was
performed to determine EUR of the producing wells in the general area. Figure
13 shows the ranges of EUR as a cumulative probability chart. Because of the
inherent limitations of DCA for low permeability gas sands and the relatively few
number of long term producing wells, these EUR were not considered adequate
and should be considered a low side.

Figure 14 shows the EUR as function of date of first gas production. As shown
in the figure, the highest EUR was from a well completed in 2001. From the
public records, most of the wells were stimulated with crosslinked gel fluids.

The completion review was performed to quickly evaluate the effectiveness of the
current completion practices in the area. Because of the lack of adequate data,
no detailed recommendations can be provided. No correlations could be found
between proppant volumes and production indicators such as EUR or Initial
Potential (IP). Figure 15 shows the relationship of proppant volume (lbs of
proppant) versus EUR and IP. In Figure 16 the correlation coefficients were
plotted. The R-squared values are too low (below 0.15) and do not suggest any
relation between these properties. From previous studies performed by DCS in
this area, a combination of completion and reservoir parameters will determine
the actual productivity of a particular well.

A more detailed single well review was conducted on the Hacienda 6-19 well.
The production history of the well is shown in Figure 17. The petrophysical

results for the each of three frac stages are shown in Figures 18, 19 and 20.

Two different techniques were performed to determine the reservoir and fracture
parameters of the well. The first method was to build a single well model in the
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ProCADE’ software. The second technique was to use a Bayesian Production
Analysis tool developed by DCS. Both techniques utilize the available
petrophysical, production and reservoir data.

Because limited fracture treatment and pressure data existed, a history match in
the ProCADE model was not useful; instead only a multilayer forecast was
performed. The objective was to vary reservoir properties and fracture
parameters until a reasonable match with production occurs. This approach
provides a non-unique solution. Figure 21 shows the match obtained between
the actual production data and the model. The fracture properties were assumed
to be 150 ft and the permeability was varied to obtain the final match. Final
permeabilities were form 0.0012 to 0.0018 mD. This model was the basis for
determining recovery factors for the EUR analysis.

The Bayesian Production Analysis tool gives the most probable reservoir and
fracture parameters given some known data, such as porosity and pressures.
Based on general knowledge of the area, various assumptions were made about
the pressure history. Initially, production logging (PL) results were assumed using
stage transmissibility ratios as the percentage contributions from each stage. By
varying the percentage contribution from the PL results, an improved history
match could be performed with more reasonable results. Figure 22 shows the
history match of the model versus actual production. Figure 23 shows the match
of the model PL results versus assumed PL contribution. Figure 24 shows the
production history from each frac stage. Figure 25 is a summary table of the
results from the Bayesian tool.

Interestingly, both approaches showed frac lengths to be approximately 150 ft
with micro-darcy permeability. Based on DCS'’s experience in this area expected
frac length should be on the order of 250-500 ft. From the Bayesian approach,
the conductivities for stages 2 and 3 were also low. Most likely, all stages were
under-stimulated in this well.

As previously stated, limited data was available, so various assumptions were
made to be able to complete the analysis. To provide a more rigorous analysis for
either approach, a production log and fracture treatment records are required. In
addition, pressure data and flowing pressure history should be acquired.

“ mark of Schlumberger
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Estimated Ultimate Recovery

Since there was limited production data in the prospect area, the evaluation of
the estimate ultimate recovery (EUR) was heavily influenced by the results from
an analog well modeled in analytical single well software. Available technical
literature and previous engineering experiences in the tight gas market were used
to provide upper limits of the EUR. During the evaluation, production data from
wells in the general area was also utilized; however, the wells were not in the
prospect area itself, and the completions did not appear optimized. The
Completion Review section addressed some of the issues.

Recovery factors and optimum spacing depend on various reservoir parameters,
so an integrated reservoir model would provide the best estimate for the prospect
area. Recovery factors are dependent on the drainage area, depletion and
pressure interference and the effect of the completion through effective hydraulic
fracturing.

As a first step, production was updated through September 2009 from the IHS-
Enerdeq public database. There are a total of thirty-six (36) wells that are
currently producing or have produced in the area (Figure 26).

Decline curve analysis (DCA) was next performed for each well individually to
determine EUR of the producing wells in the general area. The P/Z method of
DCA was not used because of the lack of pressure history; only initial pressures
were available. Instead two other DCA methods were employed:

e Log of gas production rate versus time (EUR 1)
e Gas production rate versus cumulative gas production (EUR 2)

For each well in study area, production was forecasted for 120 months (10 years)
with an economic limit of 50 MSCF/day. Decline curve analysis results show that
most wells have a hyperbolic decline. This type of decline is indicative of:

e Rate data existing only in the transient period

e Low matrix permeability with natural or hydraulic fractures
e Highly heterogeneous reservoirs
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Figure 13A and 13B show EUR probability plot for EUR 1 and 2 respectively.
The P10, P50 and P90 EUR from each method are summarized in Table 5. The
EURs for both methods are nearly identical.

Heterogeneity of production indicator is calculated using Dykstra-Parsons
coefficient (Equation 1). In study area, production indicator heterogeneity index
is about 0.48, which means medium heterogeneity.

Equation 1:

v _ EURy —EURy,, Eq.1
EUR EUR50

Where:

e EURs = EUR value with 50% probability.
e EURg41=EUR at 84.1% of the cumulative sample.
e Veyur = Production Indicator Heterogeneity Index.

Table 6: Comparison of EURs calculated by two different PCA analysis

EUR 1 (log gas rate versus time) EUR 2 (linear gas rate versus gas
(MMscf) cumulative)
(MMscf)
P10 13.74 13.76
P50 262.93 274.55
P90 513.47 601.02

Figure 13 shows the ranges of EUR as a cumulative probability chart. As a result
of the inherent limitations of DCA and the relatively few number of long term
producing wells, these EUR were not considered adequate and should be
considered a low side. Literature review and engineering experience from
previous studies were then used to enhance the guidelines for the recovery
factors.

Literature reviewed suggests gas recovery factor can be improved to 80%
depending on well spacing®. Previous proprietary reservoir simulation studies
performed by DCS for various clients in tight gas sands such as the Lance and
Mesaverde formations show recoveries of up to 90% for 10 acre spacing and 60

17/19




Schiumberger

year recovery times. The analytical model used for this analysis was limited by
time of production and the available data. However, the high case numbers from
the literature will be considered in this evaluation.

The analytical well model for a single well was developed during this evaluation
using ProCADE. ProCADE is proprietary software that can model multilayer
reservoirs. This single well model provides a baseline for the expected recovery
from a single well without effects of interference. Finally, analytical single well
models were used to provide ranges of recovery factors for production over
10,000 days. Table 5 provides a summary of the cases run in ProCADE. The
results for the 10 and 20 acre enhanced completion cases are similar to the base
10 and 20 acre calculations using petrophysical properties (Table 3).

Table 5: Recovery Factors from ProCADE

Case GIP EUR Recovery Factor
MMscf MMscf

10 acres 1689 908 54%
15 acres 2533 1215 48%
20 acres 3377 1419 42%
10 acres - enhanced 2533 1112 66%
completion

15 acres - enhanced 2533 1439 57%
completion

20 acres - enhanced 3377 1929 57%
completion

In summary, EURs were calculated using average petrophysical properties, a
ProCADE and two PCA techniques. The petrophysical properties and ProCADE
model calculated similar results. The PCA techniques yielded lower EURS,
because the wells in this area were not completed optimally and have a short
production history.

Production Data Analysis

Scatter plots, bubble and grid maps were used constructed and used to assist in
the production data analysis. The left plot in Figure 27 is the top of Lance versus
peak gas rate and indicates that wells completed in the Top Lance have a higher
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peak gas rate, based on limited statistics. The right plot in Figure 27 is net
thickness versus peak gas rate. It shows higher peak gas rate with lower net
thickness, which is the inverse of the norm; higher net pay, better production.
Because there are only 4 points in this plot, a more complete petrophysical
analysis coupled with completion information is needed to improve understanding
of the reservoir. Figure 28 is the map of EUR, which shows that northwest study
area has superior EUR performance. Figures 29, 30, and 31 are maps of
cumulative gas, oil and water. Water production is observed in a downdip
direction or to the southwest. It should be noted that these maps are probably
pessimistic in Tea Kettle Unit and on acreage position because of the lack of
established prolonged production in these areas.

Summary and Conclusions

e Additional study is needed to understand the relationship between
petrophysical properties and production heterogeneity.

e Marginal P50 EUR performance shows reservoir and completion
optimization is required — Focus on high side well performance.

e All wells produce water. This needs to be incorporated into well flow
performance.

e Structural position is important to well performance. The northwest part of
the study area has better EUR performance, and is highest structurally.

e Petrophysical analysis on all wells could improve the range of
uncertainties for OGIP.
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