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SUBJECT: CALIFORNIA GEOLOGIC ENERGY MANAGEMENT REVIEW OF CHEVRON
STEAMFLOOD INFILL INJECTION PROJECT 34000013, PHASE VED 771, KERN RIVER
FORMATION, KERN RIVER OIL FIELD, KERN COUNTY, CALIFORNIA

The Chevron Kern River Field Steam Flood infill project “VED 771" under UIC#
34000013 is a proposal to add five steamflood infill injectors, and two Cyclic

Steam producers in the Kern River zone of Kern River Field, Section 9, T29S R28E,
MD B&M.

The proposed injectors are located entirely within the existing primacy exempted
boundary of the Kern River Field, see index map. (Attachment 1)

The proposal includes a Professional Geologist stamped application and
containment statement. (Attachment 2, Pages 1-2)

CalGEM engineers reviewed and agree with the Geology and Reservoir
Engineering conclusions in this application.

Based on data submitted in this application and in the Kern River Aquifer
Exemption Application, the Kern River field has a sustained inward pressure
gradient created by production operations (more fluid is extracted than
injected, creating an inward hydraulic gradient). Interbedded siltstone/shale
layers provide vertical containment and are documented in logs and cross-
sections in the application (Attachment 2, page 27,32,35-36). For a complete
discussion of geologic containment and confinement, see the application
document (Attachment 2, pages 8-9).
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e The AOR for this Steamflood is a ZEl calculation based on the Neumann (1975,
1985) equation. The Neumann equation determines the area that continuously
injected steam will cover as it heats the target sand from initial reservoir
temperature to steam zone conditions (Attachment 2, page 6-7). The ZEl
calculations are summarized in Table FA (2.1.1) (Attachment 2, pages 14-15). The
application submitted by Chevron includes data supporting the parameters
used in their ZEI calculations (Attachment 2, pages 27-30,34).

e The ZEl calculations for all proposed injectors were checked and are approved
by CalGEM.

¢ Chevron submitted cement calculations, AoR Well Review Geologic Analysis,
and wellbore diagrams for all wells in the AOR (Attachments 3 and 4).

o CalGEM identified 84 existing offset wells within the AOR radius. All AOR wells
were reviewed for mechanical integrity, cement behind casing, and zonall
Isolation. The results of the CalGEM mechanical integrity review are included as
Attachment 5.

e Seven wellsin the AOR were identified by CalGEM as failing mechanical integrity
review (Atftachment 6). Chevron proposed re-abandonment or abandonment
for three of the seven wells. Monitoring is proposed for the remaining four wells.

e Chevron proposed a Heat Monitoring plan to assure containment for four wells
that did not pass the mechanical integrity review (Attachment 7). Chevron will
run temperature logs in offset wells periodically to detect the occurrence of any
potential out-of-zone steam. CalGEM has reviewed Chevron's proposed Heat
Monitoring plan. CalGEM agrees with Chevron’s analysis and conclusions
regarding the assurance of steam containment to the approved zone.

e The project approval letter for UIC# 34000013 is included as Attachment 8.

List of Attachments:

Index Map

Chevron Application

Chevron Cement Calculations and AoR Well Review Geologic Analysis
Chevron Wellbore Diagrams

CalGEM Mechanical Integrity Review

Failed Wells List

Heat Monitoring Plan

Project Approval Letter
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June 23, 2020

bt

Chevron U.S.A. Inc.
9525 Camino Media
Bakersfield, CA 93311

Mr. Chris Jones

Supervising Oil and Gas Engineer (Inland District; East Area)
California Geologic Energy Management Division

4800 Stockdale Highway, Suite 100

Bakersfield, CA 93309

UIC #34000013
Infill Application VED 771
Kern River Qil Field, Kern County, California

Dear Mr. Jones:

The attached Infill Area of Review (AOR) application VED 771 (dated June 23, 2020) has been prepared for
submittal to the California Geologic Energy Management (CalGEM) Division for permission to inject steam
for enhanced oil recovery purposes at Kern River Oil Field in Kern County, California. The data,
interpretations and calculations presented in this application were prepared by Chevron staff in accordance
with the generally accepted professional geologist practice and, to the best of my knowledge and belief, are
true, accurate and complete.

Based on the data currently available and the work described in accordance with generally accepted
professional geologic practice, it is my professional opinion that the attached technical evaluation
demonstrates that the Class Il fluids to be injected are expected to be contained within the project area and
will not migrate beyond the boundaries of the exempt aquifer or into an underground source of drinking
water (USDW).

Best Regards, )
prchasl F.

&/23/20228 -
YA

Michael F. Ponek, PG #4926  5/327/2
Chevron U.S.A. Inc.

9525 Camino Media

Bakersfield, CA 93311

Office Ph: +1 (661) 654-7342

© 2020 Chevron U.SA. Inc.
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June 23, 2020

Chevron U.S.A. Inc.
9525 Camino Media
Bakersfield, CA 93311

Mr. Chris Jones

Supervising Oil and Gas Engineer (Inland District; East Area)
California Geologic Energy Management Division

4800 Stockdale Highway, Suite 100

Bakersfield, CA 93309

Dear Mr. Jones:

Chevron is requesting approval for infill wells within Underground Injection Control Project, #34000013,
for enhanced oil recovery utilizing steam injection into the Kern River Reservoir in Kern River Field.
Attached is an Engineering and Geologic study in support of this request.

All required information is located within this document and in the attached appendices.

Nadim Hosn
Permitting Supervisor
San Joaquin Valley Business Unit

Chevron U.S.A. Inc.

P.O. Box 1392

Bakersfield, CA 93302

Tel 661-654-7469

mailto: NadimHosn@chevron.com
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INTRODUCTION

In concurrence with the Memorandum of Agreement (MOA) Project Data Requirements, this
document provides a brief description of how the proposed additional injection wells will impact the
existing approved underground injection project (UIC #34000013), any data relevant to the addition
of the injection wells, and an update to the data if relevant conditions have changed or if more
accurate data have become available. The technical evaluation demonstrates the additional
injected Class Il fluids will not migrate beyond the boundaries of the exempt aquifer or into an
underground source of drinking water (USDW).

For the additional injection evaluation and data, Project Highlights and Statement of Purpose are
presented first with project overview maps. The Area of Review (AoR) for the infill project is
described and illustrated with a map. Calculations and Constants used in determining the AoR are
describe in detail including data tables and source documentation. The Geologic Study is updated,
including reservoir confinement, and supported with Structural Contour & Isopach maps, Cross
Sections, and Type Log. There are no relevant changes to the existing UIC for MOA data sections
not included in this application.

PS (1) HIGHLIGHTS AND STATEMENT OF PRIMARY PURPOSE

The primary purpose of the infill wells is to enhance oil recovery by utilizing continuous steam
injection into the Kern River Reservoir in the Kern River Field. The Kern River Field is in the north
central portion of Kern County (southern San Joaquin Valley), approximately 2 miles northeast of
Bakersfield, California, within Township 28 South / Range 27 East (T28S/R27E), T28S/R28E, and
T29S/R28E, Mount Diablo Basin and Meridian (M.D. B.&M.). A location map is provided in Figure
PS (1.1).

Chevron U.S.A. Inc. would like to add infill project, VED 771, to Underground Injection Control
Project number # 34000013. The project consists of 7 infill steam injectors (3 new injectors, 2 PIC,
2 SC new producers. (Figure PS (1.2)).

The Project Approval Letter (PAL) for UIC Project #34000013 covers the entire Kern River Field and
Kern River Zone and states that the project must not exceed a maximum permitted volume of
1,164,000 barrels of steam per day (BSPD) and a maximum permitted number of wells of 3,153.

The field is currently injecting 145,400 BSPD into 440 steam injectors. The proposed infill wells will
add 2,809 BSPD, which is well below the maximum limit specified in the PAL. Furthermore, there
is a net withdrawal over the life of the wells and the cumulative volume of fluid produced from the
formation will exceed the cold-water equivalent of steam injected.

All the proposed infill wells are within the current exempted aquifer. Geochemical analysis of
produced formation water indicates average Total Dissolved Solids (TDS) is ~540 mg/L. This
produced water is softened and boiled to create steam which is injected into the same formation for
enhanced oil recovery. Geochemical analysis of injected steam indicates TDS is ~ 512 mg/L.

There are no water source wells within the Zone of Endangered Influence (ZEI) of these proposed
infill wells. The closest water supply well (well #14) is in Section 10 approximately 4,050 feet away
from VED-771 (Figure MR (2.1)). The injection depth is at ~860 feet MD (-400 feet TVDSS),
compared to water supply well depth of ~ 380-460 feet MD which is above oil zone and isolated by
multiple silt barriers.
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1. AREA OF REVIEW
FA (2) Area of Review (AoR) for the Predicted Project Life

The AoR for each predicted well life was determined using the Neuman equation for continuous
Steamflood injectors (SF) and the Marx and Langenheim equation for cyclic producers (SC) which
is explained in detail in section FA (5). For the infill project, a summary table of infill steam injectors
and cyclic producers, ZEI parameters, and ZEI radius is shown in Appendix, Table FA (2.1).
Tornado diagrams for the input parameters are provided in Appendix, Figures (2.2). The
associated AoR map and list of wells are in Appendix, Figure FA (2.3) and Table FA (2.4).

FA (5) Calculation and Constants Used in Determining AoR
ZEI Calculation Method for Continuous Steamflood Injectors

In accordance with the 1982 primacy agreement with the Environmental Protection Agency (EPA),
CALGEM requires that an AoR be completed prior to permitting a Class Il injector under the
Underground Injection Control (UIC) program. Regulation 40 CFR 8146.6 allows that “computation
of the Zone of Endangering Influence (ZEI)” can be used to determine “the permissible radius” of
the injector’'s AoR, “even if it is less than ¥4 mile”.

The following analytical solution (Equation 1), published by Neuman (1975, 1985), is recommended
for determining the ZEI of an injector in a steam flood:

Al =

Q 4Ly, t0->
k
43560‘/—(L +CWAT)AT< —ho > =hr

VDo ~/Dr

) (Equation 1)

Where:
A = area of steam zone coverage, acres
= heat capacity of water, Btu/lb °F
D, = diffusivity (thermal) of overburden, ft?/day
D: = diffusivity (thermal) of reservoir, ft?/day
kno = thermal conductivity of overburden, Btu/ft °Fday
knr = thermal conductivity of reservoir, Btu/ft °Fday
L. = heat of vaporization of water, Btu/lb
Q = net rate of heat input, Btu/day
t = time, days
T = temperature, °F

Equation 1 is used to determine the area that injected steam will cover as it heats the target sand
from initial reservoir temperature to steam zone conditions.

Chevron has modified Equation 1, recognizing that the term (L, + C,,AT) = L,,, and accounting for
reservoir heterogeneity effects, heat sink effects due to water influx, and dip angle. The simplified
equation is:

A(D) = cos® (QHE-Qy)

— Equation 2
43560 khAT T (Eq )
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Where:

A = area of steam zone coverage, acres

D = diffusivity (thermal) of overburden/reservoir, ft/day (0.79 for SJV sandstone reservoirs)

kn = thermal conductivity of overburden/reservoir, Btu/ft °Fday (27.6 for SJV sandstone reservoirs)
Q = Latent Heat delivered to reservoir, Btu/day

Q,, = Heat lost due to water influx

t = time, days

T = temperature, °F

HE = Heating Efficiency

0 = reservoir dip angle in radians

The following parameters were used to solve Equation 2 for each injector in this project are. They
are derived from anticipated operating conditions, nearby project characteristics, and nearby
temperature observation well data.

The assumption of Neuman Time = 10 years is conservative because Chevron typically
reduces steam injection after 2-4 years to maintain and not grow the steam chest.

For Horizontal SF:

Same methodology as that used for vertical injectors. Neuman steam injection is assumed to be
distributed between two patterns and replaced by 2 vertical injectors to ensure Zone of Endangering
Influence (ZEI) covers all the area where steam distribution along lateral section is expected to be
formed.

References Cited in Letter

Neuman, C.H., 1975, A mathematical model of the steam drive process- applications. SPE paper
4757, prepared for the 45" Annual California Regional Meeting of the SPE held in Ventura CA from
April 2-5,1975.

Neuman, C.H., 1985, A gravity override model of steam drive. Journal of Petroleum Technology,
v.37, 163-1609.

ZEI Calculation Method for Continuous Cyclic Injection Producers

In application, steam-flooding is done on a continuous basis, but is applied cyclically to manage
steam-chest development. Estimating the ZEI from steam in a cyclic producer well, thermal invasion
rates and cumulative heated areas are commonly estimated using the method described by Marx
and Langenheim (1959). Cyclic steam ZEI* is calculated at time t by:

ZEI = A(t) = [%} lexz erfcx + \Zf—i— 1]
(Ean 3)
where:

For the purposes of this calculation, a single steam cycle with no wellbore heat losses is modeled.
Additional steam cycles may be performed after the well has returned to reservoir temperature.
The assumption of Average Formation Thickness of 50' (or less) is conservative as wells are typically
completed in thicker zones.
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References Cited

Marx, J.W., and Langenheim, R.W., 1959, Reservoir Heating by Hot Fluid Injection: SPE 1266-G
Petroleum Transactions, AIME.

Supplement Tornado Diagrams illustrating the impact of each ZEI parameter and conservative 10
ZEIl used compared to the expected are shown in Appendix, Figure FA (2.2). The tornado
diagrams above shows the range of values for the parameters in the ZEI calculation.

The labels on each bar define a range of potential values for each parameter. For each parameter,
the length of the bar shows that parameter's impact on the calculated ZEI. The green portion of
each bar shows the values within the range that would lower the expected ZEI. The blue portions
would raise the expected ZEI.

The blue vertical line indicates the expected value of the ZEI. This expected ZEI is calculated using
the most likely value for each parameter. The most likely value is the not always in the center of the
range of values for the parameter. In particular, it can be seen that the Neuman time is highly
skewed by the assumption of a 10-year maximum value*.

The red vertical line indicates the ZEI value used for the AOR. This calculation uses the parameter
values shown in the table to the right. For this calculation, the parameter endpoint yielding the
highest ZEI value is used in place of the expected value for some of the more influential parameters.
This ensures that the ZEI used in the AOR is conservative. The ZEI used is applied around the
bottom hole location of the well. The conservative nature of this calculation mitigates any uncertainty
due to normal deviation of the wellbore.

*Qur ZEI calculation assumes maximum injection rates for ten years, which is very conservative
given that steam chest in the pattern usually develops in 2-4 years.

Once a steam chest is formed in the pattern (i.e, Neuman time), the injection rate will be reduced to
supply only the maintenance heat required to offset heat losses without an increase on the steam
chest areal extent. The goal is to fund steam injection only within the pattern area.

Production rates of oil and water will typically exceed the volume of steam. This helps ensure
containment within the project area.

The cost savings from the reduction in steam injection is a critical component of project economics,
making it unlikely that any project would continue at full rates for more than ~2 years past the
Neuman time, much less the 10 years used in the AOR ZEI calculation.

ZEl input data sources are provided in Appendix, Figures FA (5.1-5.5).

2. GEOLOGIC STUDY

GS (1) Geologic Overview Including Reservoir Confinement
Description of Aquifer/Zone Containment

In general, hydraulic containment is provided by sealing faults, pressure boundaries (pressure
gradients), geologic structure and tar seals.
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¢ To the west, flow is controlled by the Kern Front Fault, which separates the Kern River Field
from the Kern Front Field, and by a sustained inward pressure gradient created by production
operations (more fluid is extracted than injected, creating an inward hydraulic gradient).

e To the north, the Poso Creek Fault, an east-west normal fault, acts as a hydraulic batrrier.

e Hydraulic control at the northeast extent of the Kern River Field is created by multiple unnamed
normal faults that act as barriers to fluid flow along the westward dipping regional hydraulic
gradient.

e At the eastern extent of the field, confinement of fluids is enhanced by the high viscosity,
heavy oil which acts as a plug and barrier to fluid flow when not heated by steam.

e To the south and southeast, containment for most of the Kern River Field is controlled by tar
seals (immobile cold oil) that exist within the Kern River reservoir outside the limits of production;
and by the strong inward pressure gradient created by production operations and the natured
southwest dip of the reservoir. China Grade fault system exists in this area and provides
containment to the south.

e Tothe southwest, containment is provided by the strong inward hydraulic gradient resulting
from production operations.

Vertical containment of injected fluid is controlled in the upward direction by the fine-grained silt and
clay layers that persist throughout the Kern River Field. Vertical containment in the downward
direction is controlled by an inverted pressure gradient created by production operations in the Kern
River reservoir. Multiple thick capping silt layers exist across the area as shown in dip and strike cross
sections (Figures GS 1.1, GS 4.2, & GS 4.3).

GS (2) Structural Contour Map

Figure GS (2.1) shows structural contour map of the R reservoir along with proposed locations of
the infill wells. The structure is dipping approximately 3-5 degrees to the south west.

In the AoR, the top of the R reservoir occurs at depths ranging from -330 feet True Vertical Depth
Sub-Sea (TVDSS) which is approximately 780 feet below ground surface near the eastern extent of

the field, to more than -470 feet TVDSS (940 feet below the ground surface) towards the western
extent of the AoR.

GS (3) Isopach Map of Each Injection Zone

Net sand isopach map of the R injection zones is shown in Figure (3.1). The R injection zone net
sand thickness ranges from 60 feet to 90 feet. Multiple thick capping shale exists across the area.

GS (4) Geologic Cross Section in the AOR

A cross-section map along with dip and strike cross sections for each AoR including all existing and
proposed injection wells in the map area are shown in Figure GS (4.1) through Figure GS (4.3),
respectively. Cross sections also show capping and basal shale.
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GS (5) Type Log for Project Area

Figure GS (5.1) shows a detailed stratigraphic field type log representative of all infill areas and
illustrates the existing aquifer exemption boundary of the Kern River Reservoir.
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Appendix

Figure PS (1.1) Kern River Field Location Map
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Figure PS (1.2) Project Map & AE Boundary
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Figure MR (2.1) Kern River Water Supply Well Map
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Table FA (2.1.1) Steamflood Injectors (SF)

ZE| Injection Parameters

Well Number---> 501 502 505 504 506
Type (New or Conversion) Conversion Conversion New New New
APl 10 0402968208 0402957421 Pending Pending Pending
Lease Crestmont Crestmont Crestmont Aladdin Aladdin
PLSS 09, 295, 28E, MD 09, 295, 28E, MD 09, 295, 28E, MD 09, 295, 28E, MD 09, 295, 28E, MD
Well Type (SF) SF SF SF SF SF
Vertical or Horizontal Vertical Vertical Vertical Vertical Vertical

BHL NAD 83 Lat

3542399000

3542369900

35.42383733

35.42457400

35.42447300

BHL NAD 83 Long

-118.98111200

-118.97995400

-118.97886112

-118.97781900

-118.97894000

Subsurface Devel ZEI

Cum Steam Inj. Volin ZEI Zone (Mbbls) 679 580 624 610 314

Steam Inj. Rate in ZEI Zone (bspd) 186 159 171 167 86

Time (years) 10 10 10 10 10

Reservoir Dip Angle (deg) 3.5 3.5 3.5 3.5 3.5

Initial Reservoir Temperature (oF) 170 148 135 177 172

Steamchest Temperature (oF) 263 267 241 233 233

Steam Quality (%) 60% 60% 60% 60% 60%

Surface Injection Pressure (psig) 660 660 660 660 660

Heating Efficiency (%) 70% 70% 70% 55% 70%

Injection Depth TVD (ft) 990 968 935 885 921

Maximum ZEl Injection Zone R R R R R

Latent Heat @ reservoir (Mmbtu/day) 39.2 32.7 373 37.0 16.6

Water Influx Heat Needs (Mmbtu/day) 0.0 0.0 0.0 0.0 0.0

ZEI (Primary Injection Zone) Radius 321 259 293 356 258

Other Subsurface Devel ion Targets within ZEI
Cum Steam Inj. Vol per Zone (Mbbls)
Average Steam Inj. Rate per Zone (bspd)
Other Injection Zones
Maintenance Subsurface Optimization Injection Targets within Maximum ZEI

Cum Steam Inj. Vol per Zone (Mbbls) 0 0 0 o
Average Steam Inj. Rate per Zone (bspd)
Maintenance Injection Zones

Total Cum Steam Inj. Vol in All Zones (Mbbls) 679 580 624 610 314
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Table FA (2.1.2) Cyclic Producer (SC)

Well Number---> 60 25R
Type (New or Conversion) Conversion Conversion
APl 10 0403066439 0403066960
Lease HH.&F. Junction
PLSS| o9, 295, 28E, MD | o9, 295, 28E, MD
Well Type (SC) SC SC
Vertical or Horizontal Vertical Vertical

BHL NAD 83 Lat

35.42492400

35.42314900

BHL NAD 83 Long

-118.97941800

-118.98166800

Maximum Subsurface Development ZEI Injection

Cum Steam Inj. Vol in ZElI Zone (Mbbls) 1 1
Steam Inj. Rate in ZEl Zone (bspd) 800.0 800.0
Injection Time per Steam Cycle (days) 1 1
Effective Length of Lateral (for HZ wells), ft o o
Average Formation Thickness (ft) 50 50
Initial Reservoir Temperature (oF) 169 169
Steamchest Temperature (oF) 253 253
Reservoir/Steamchest Pressure (psia) 31 31
Steam Quality (%) 60% 60%
Surface Injection Pressure (psig) 550 550
Formation Porosity 31% 31%
Initial Water Saturation 75% 75%
Initial Oil Saturation 25% 25%
Specific Heat: Rock (BTU/Ibm-F) 0.22 0.22
Specific Heat: Water (BTU/Ibm-F) 1.0 1.0
Specific Heat: Oil (BTU/Ibm-F) 0.5 0.5
Rock grain density (Ibm/ft3) 159.2 159.2
Water density (Ibm-ft3) 62.4 62.4
QOil API Gravity 12.5 12.5
Overburden Thermal Conductivity (BTU/ft-hr-F) 1.15 1.15
Overburden Thermal Diffusivity (ft2/hr) 0.033 0.033
Maximum ZEl Injection Zone R R
Latent Heat @ reservoir (Mmbtu/day) 1089.3 1089.3
ZEI Radius (ft) 19 19
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Figures FA (2.2.1) Tornado Diagram for Steamflood ZEI Parameters

Tornado Diagram showing impact of range of parameters on ZEI calculation
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Figures FA (2.2.2) Tornado Diagram for Cyclic Producer ZEI Parameters

Tornado Diagram showing impact of range of parameters on ZEI calculation
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Figure FA (2.3) AOR Map
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Table FA (2.4) AOR Well List

EXISTING AOR WELLS

SF Well | API10 Lease Well PLSS Well Type CalGEM Operator
Number Number Well
Status
60 0402900321 H.H. &F. 18 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
60 0403066439 H.H. & F. 60 09, 29S, 28E, Cyclic New Chevron
MD Steam U.S.A. Inc.
501 0402957327 Crestmont | 10 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
501 0402924963 HH. &F. 11 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
501 0402957328 Crestmont | 11 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
501 0402957329 Crestmont | 12 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
501 0402988098 Crestmont | 13 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
501 0403007926 Crestmont | 14 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
501 0403024810 Crestmont | 16 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
501 0403009011 Junction 105 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
501 0403047575 Junction 129 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
501 0402930487 Junction 34 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
501 0402968208 Crestmont | 501 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
501 0403060653 May 54H 08, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
501 0403057070 May 61H 08, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
501 0403057551 May 62H 08, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
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501 0402956077 Junction 70 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.

501 0402955744 Junction 74 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.

501 0402930479 Junction 25 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.

501 0403024813 Thomas 25 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.

501 0403011194 Crestmont | 503 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.

501 0402942113 Crestmont | 7 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.

501 0402914967 Crestmont | 1 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.

501 0402932875 Crestmont | 1 09, 29S, 28E, Water Plugged Chevron
Water MD Source U.S.A. Inc.

501 0403050748 Junction 132H 09, 29S, 28E, Cyclic Idle Chevron
MD Steam U.S.A. Inc.

501 0402930473 Junction 19 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.

501 0402914970 Crestmont | 4 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.

501 0403010009 Junction 524 09, 29S, 28E, Injection Plugged Chevron
MD Well U.S.A. Inc.

501 0402910977 HH. &F. 6 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.

501 0402914972 Crestmont | 6 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.

501 0403063144 May 65H 08, 29S, 28E, Oil & Gas New Chevron
MD U.S.A. Inc.

501 0403063280 May 67H 08, 29S, 28E, Cyclic New Chevron
MD Steam U.S.A. Inc.

502 0402957327 Crestmont | 10 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.

502 0402957328 Crestmont | 11 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.

502 0402957329 Crestmont | 12 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
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502 0403053178 Junction 136H 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
502 0403053177 Junction 137H 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
502 0403007926 Crestmont | 14 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
502 0403024810 Crestmont | 16 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
502 0403024811 Crestmont | 17 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
502 0403008883 Crestmont | 15 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
502 0402930448 Aladdin 4 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
502 0403040105 Kern 20-9 09, 29S, 28E, Cyclic Active Chevron
County MD Steam U.S.A. Inc.
Land Co.
Lease 39
502 0403040971 Crestmont | 408 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
502 0402957421 Crestmont | 502 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
502 0402942114 Crestmont | 8 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
502 0402914967 Crestmont | 1 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
502 0402932875 Crestmont | 1 09, 29S, 28E, Water Plugged Chevron
Water MD Source U.S.A. Inc.
502 0403030103 Kern 1-9 09, 29S, 28E, Oil & Gas Plugged Chevron
County MD U.S.A. Inc.
Land Co.
Lease 39
502 0402914969 Crestmont | 3 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
502 0403040980 Kern 433-9 09, 29S, 28E, Cyclic Idle Chevron
County MD Steam U.S.A. Inc.
Land Co.
Lease 39
502 0402914971 Crestmont | 5 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
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502 402922180 Kern Co. 5 09, 29S, 28E, Oil & Gas Plugged E & B Natural
Land Co. MD Resources
Management
Corporation
502 0402914972 Crestmont | 6 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
502 0403063280 May 67H 08, 29S, 28E, Cyclic New Chevron
MD Steam U.S.A. Inc.
502 0403001985 Crestmont | T.O. 1 09, 29S, 28E, Observatio Idle Chevron
MD n U.S.A. Inc.
504 0402957415 Aladdin 500 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
504 0403066478 Aladdin 504 09, 29S, 28E, QOil & Gas New Chevron
MD U.S.A. Inc.
505 0402957328 Crestmont | 11 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0402957324 Aladdin 12 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0403053178 Junction 136H 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0403053177 Junction 137H 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0402956712 Aladdin 14 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0403024811 Crestmont | 17 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0402988099 Aladdin 18 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0403002391 Aladdin 19 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0403002390 Aladdin 21 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0402930447 Aladdin 3 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0402930448 Aladdin 4 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0403040971 Crestmont | 408 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
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505 0402930449 Aladdin 5 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0402968207 Crestmont | 500 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0402960049 Aladdin 502 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0402957422 Aladdin 503 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0403040970 Aladdin 400 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0403054399 Kern 611H 09, 29S, 28E, Oil & Gas Active Chevron
County MD U.S.A. Inc.
Land Co.
Lease 39
505 0403030111 Kern 440-9 09, 29S, 28E, Cyclic Active Chevron
County MD Steam U.S.A. Inc.
Land Co.
Lease 39
505 0403054397 Kern 609H 09, 29S, 28E, QOil & Gas Active Chevron
County MD U.S.A. Inc.
Land Co.
Lease 39
505 0402942114 Crestmont | 8 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0402940419 Aladdin 9 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0402942123 Crestmont | 9 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
505 0402930446 | Aladdin 1 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
505 0402908043 Aladdin 2 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
505 0402914968 Crestmont | 2 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
505 0402914969 Crestmont | 3 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
505 0402930450 Aladdin 6 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
505 0403001985 Crestmont | T.O. 1 09, 29S, 28E, Observatio Idle Chevron
MD n U.S.A. Inc.
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506 0402957328 Crestmont | 11 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
506 0403053178 Junction 136H 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
506 0403053177 Junction 137H 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
506 0402988100 Aladdin 16 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
506 0403024811 Crestmont | 17 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
506 0402900321 H.H. &F. 18 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
506 0403002391 Aladdin 19 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
506 0403024813 Thomas 25 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
506 0402930448 Aladdin 4 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
506 0402930449 Aladdin 5 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
506 0402968207 Crestmont | 500 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
506 0402940419 Aladdin 9 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
506 0402942123 Crestmont | 9 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
506 0402930446 Aladdin 1 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
506 0402914968 Crestmont | 2 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
506 0402955750 H.H. &F. 2D 09, 29S, 28E, Injection Plugged Chevron
MD Well U.S.A. Inc.
506 0403066439 H.H. & F. 60 09, 29S, 28E, Cyclic New Chevron
MD Steam U.S.A. Inc.
506 0402924961 H.H. &F. 7 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
506 0402910978 HH. &F. 7A 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
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506 0403001985 Crestmont | T.O. 1 09, 29S, 28E, Observatio Idle Chevron
MD n U.S.A. Inc.
25R 0402930479 Junction 25 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0402930508 Thomas 11 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0402957324 Aladdin 12 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0403002386 Aladdin 20 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0402958930 Kern 250-9 09, 29S, 28E, Oil & Gas Active Chevron
County MD U.S.A. Inc.
Land Co.
Lease 39
504 0403043854 Kern 417H 09, 29S, 28E, Multiple Active Chevron
County MD U.S.A. Inc.
Land Co.
Lease 39
504 0402957325 Aladdin 13 09, 29S, 28E, QOil & Gas Active Chevron
MD U.S.A. Inc.
504 0403053178 Junction 136H 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0403053177 Junction 137H 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0402988100 Aladdin 16 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0402987429 Aladdin 17 09, 29S, 28E, Oil & Gas Active Chevron
MD U.S.A. Inc.
504 0402957322 Thomas 18 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0402957323 Thomas 19 09, 29S, 28E, Oil & Gas Active Chevron
MD U.S.A. Inc.
504 0403002391 Aladdin 19 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0403002390 Aladdin 21 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0402930448 Aladdin 4 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0402930449 Aladdin 5 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
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504 0402968207 Crestmont | 500 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0402960049 Aladdin 502 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0402900195 Thomas 503 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0403054399 Kern 611H 09, 29S, 28E, QOil & Gas Active Chevron
County MD U.S.A. Inc.
Land Co.
Lease 39
504 0402930451 Aladdin 7 09, 29S, 28E, Oil & Gas Active Chevron
MD U.S.A. Inc.
504 0402930452 Aladdin 8 09, 29S, 28E, QOil & Gas Active Chevron
MD U.S.A. Inc.
504 0402940419 Aladdin 9 09, 29S, 28E, Cyclic Active Chevron
MD Steam U.S.A. Inc.
504 0402930446 | Aladdin 1 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
504 0402930450 Aladdin 6 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
504 0402930504 | Thomas 7 09, 29S, 28E, Oil & Gas Plugged Chevron
MD U.S.A. Inc.
504 0402961173 Thomas T.O.1 09, 29S, 28E, Observatio Idle Chevron
MD n U.S.A. Inc.
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Figures FA (5a-e) ZEI Input Data Sources:

Figures FA (5.1) Dip
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Figures FA (5.2) Initial Reservoir Temperature, (°F)
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Figures FA (5.3) Steamchest Temperature (°F)
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Figures FA (5.4) Porosity
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Figures FA (5.5) Steam Quality Distribution
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Figures GS (1.1) Regional cross section showing USDWs
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Figures GS (2.1) Structure Contour Map
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Figures GS (3.1) Isopach Map
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Figure GS (4.1) Cross Section Index Map
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Figure GS (4.3)

Cross Section BB’ (Dip) through Project Area
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Figure GS (5.1) Type Log
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