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Los Angeles Basin
Introduction

The Los Angeles Basin is a stratigraphic and structural llaSiouthern
California, USA, located between the Peninsular and Transkarges and
the continental borderland, extending from Point Dumé¢hstmuDana Point.
The onshore portion of the basin extends approximatelyi &0 an
northwest-southeast direction and 20 mi in a northeastnsest direction
(Lindblom and Dupler, 2003) and is bounded on the noytthe Santa
Monica Mountains and Puente Hills, and on the east ant bguhe Santa
Ana Mountains and San Joaquin Hills (Fig. 1.1). The Pdérdes

P

& Angeles
Y EBasin

Fig. 1.1 Map of Southern California showing thedtion of the Los Angeles
Basin.

The Los Angeles Basin is a major oil and gas province. Diis telatively
small size, large discovered reserves, and great sedimentaryesdkis
considered the world’s most productive basin in termg/dfdtarbon
volume per volume of sedimentary rock fill (Biddle, 19%ince oil
production began in California in 1880, more than 6%5lfidlave been
discovered (Biddle, 1991), many of which are still prodgdbday (Fig. 1.2,
Table 1).
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Fig. 1.2.Map slowing the loctéions of oil fietls in the LosAngeles Basin
(Source: Gautier,et al. USGSgsented aRAPG 2012 Anoal Conventio &
Exhibition, LongBeach, Califonia) .

TABLE 1. PRINCIPAL OIL FIELDS IN THE LOS ANGELES BASIN (CDOGGR, 2010)
Field Discovery | Cumulative Estimated Cumulative Estimated
Year 0il Remaining Oil Gas Remaining Gas
Production Reserves Production Reserves
MMBO Bef
MMBO Bef
Wilmington- 1932 2,701 283 1,207 59
Belmont
Huntingkm Beach 1920 1,133 32 857 13
Long Beach 1921 944 2 1,090 2.2
Santa Fe Springs 1919 629 5 838 <]
Brea-Olinda 1880 413 18 474 i3
_Inglewood 1924 399 30 286 6
Dominguez 1923 274 <l 387 <1
Coyote West 1909 253 0 271 0
Torrance 1922 226 5 148 2
Seal Beach 1924 215 6 222 7
Montebello 1917 205 6 226 3
Richfield 1919 203 3 173 <1
Beverly Hills East 1966 119 9 186 6
Coyote East 1911 116 4 61 2
Yorba Linda 1930 93 0 2 0
Rosecrans 1924 92 2 190 1
(including
Rosecrans South &
East
TOTAL 8.015 6.618
EUR (BBOE) 8.015 1.943 9.958

Table. 1.1. Pringpal Oil Fieldsin the Los Ageles Basin (DOGGR, 200)
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Geologi cal Developm ent of the Los

Angeles Basin

The Los Angela Basin, is loeted at the jacture of the nrthwest-souteast
trending Peningla Ranges ahcontinentaborderland, ad the east-wat
trending Transerse Rangesral shares thgeologic histoies and
characteristics ball three (Wight, 1991).Consequentlythe basin isdcated
atthe intersectio of two mapr active faultsystems, thaorthwest-trading,
right-lateral strke—slip San Adreas—typedults and thesast—west faus,
mostly left-latedl or thrust faults that boud the Transviese Ranges (B.
1.3). The formaion of the LosAngeles basi and its evaltion as a majr
hydrocarbon-poducing basirare tied to thevolution ofthe Pacific-Nrth
American tectoit plate boudary. The inteplay of strikeslip deforméion
ard rapid subsidnce has largy controlledthe develoment of the Le
Angeles basinsa major hydocarbon-prodcing basin Biddle and PHps,

1987).

Sy Weght 1091

SanGabrel

Santa Ana
Shelf

AN

Fig. 1.3. Major $ructural featues in the Lo#\ngeles BasitiElliott et al.,2009,

after Wright, 199)

The Los Angeles Basin has ndergone a miti-phase teanic evolutian that
has included (1)Cretaceousrad early Cenmoic subductin that endedh the
Oligocene, apmximately 30million yearsago (Ma), (2)Middle Miocene
(20 to 10 Ma) siit from subduction to traisform margin(strike slip)
tedonics that reulted in rifting and clockvise rotation bthe Transvese
Ranges, (3) LatMiocene toEarly Plioceng(7 to 4 Ma) gtension and
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strike-slip movement that accompanying the opening of thieds
California, and (4) Pliocene to Recent shortening (commmesassociated
with uplift of the Transverse Ranges and limited striketsctonics (Fig.
1.4) (Wright, 1987; Biddle, 1991; Bilodeau et al., 200@&jor northwest-
trending strike—slip faults, such as the Whittier, Newgaodlewood, and
Palos Verdes faults, dominate the present-day basin (F)gTh& structural
extension resulted in basin subsidence, deposition ofohttst sediment
fill in the basin, and maturation of the source rocks regpftiom
sedimentary and structural loading. The topographic higitgptinctuate the
surface of the present-day alluvial plain are surface expregssitinsse
major tectonic trends that serve as trapping mechanisms foroh#mg
basin’s oil and gas accumulations. Prior to 1925, mgsbgteries were
based on oil seeps or topographic highs along the WhitteNawport-
Inglewood fault zones and in the Coyote Hills. Later aliscies have been
in geologic structures with little or no surface expressignght, 1991).

4 SERIES Stage DEFORMATION (INTENSITY=+)
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Fig. 1.4. Chronology of major Cenozoic events mltbs Angeles region. Note
that geologic time is presented on a logarithmigls¢Wright, 1991).

12
CONFIDENTIAL

© 2011 Halliburton All Rights Reserved
Inglewood Oil Field Hydraulic Fracturing Report July 13.docm



Plains Exploration & Production Company
Inglewood Oil Field Hydraulic Fracturing Report

HALLIBURTON

During the Middle Miocene rifting phase deepwater organic-tiethes and
diatomaceous rocks that provide the basin’s prolific sourcés roere
deposited. The basin geometry led to restricted ocean circulation an
contributed oxygen depletion in the bottom waters, whidtarced
preservation of the organic matter in these rocks (Bidd@l )19 owards the
end of Middle Miocene time, approximately 13 ma, the riftasits to the
north and northeast of the present Los Angeles Basin becasadevith
sands and muds deposited by coastal rivers. Rivers in thefdheapoesent
Mojave Desert and southern Sierra Nevada fed sands onto tireeotait
shelf that eventually flowed down submarine canyonsurladity currents
to build large deepsea fans that extended into the Los Angeke$vdright,
1987). These submarine fan deposits provide the reservog farcthe
majority of the oil accumulations in the basin. The exianand continuous
nature of these sands allowed excellent communication (migration
pathways) between the mature oil-generating source rocks erayis.
This process ultimately produced a very thick interval of radtemg
sandstones, siltstones and shales. The sedimentary fd oetitral trough
of the Los Angeles basin, a structural low between the Whéhd
Newport-Inglewood faults, consists of Mesozoic/Cenozoic besemcks.
This sedimentary fill as it rose above sea level began forwiiag we now
call the “Los Angeles Basin”. In effect, Los Angeles has not tiadimg in
to the sea”, as popularly believed, but rather “rising froendcean”.

The geologic development of the Los Angeles Basin providezhdy
optimum combination of conditions favorable for petrolelenaration and
accumulation (Wright, 1987). These include:

1. Rich and abundant organic source rocks - Middle Miocene deéepw
organic-rich shales and diatomaceous rocks.

2. Adequate hydrocarbon maturation temperatures - Generated dy rapi
subsidence and burial under the thick sedimentary sequence.

3. Widespread porous reservoir sands - Most oil occursarelt
continuous deepwater fan turbidite sandstones of late Miooezaaly
Pliocene age.

4. Early development of structural traps around most db#sen’'s margins
- Most of the oil (73%) in the Los Angeles Basin is treghpn faulted
anticlines (Wright, 1991).
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Annual Report of the State Oil and Gas Supervisor PR@@luetion and
Reserves, p. 83-111.

Elliott, J.P., Lockman, D., and Canady, W., 2009, Midtigses for image
logs within the Los Angeles Basin, Paperits50" Annual Logging
Symposium Transactions: Society of Petrophysicists anddoadysts, p. 1-
15.

Lindblom, R.G., and Dupler, P.C., 2003, Urban oildidevelopment in the
Los Angeles Basin--An historical and current perspective okdise
Beverly Hills and San Vicente fields, presented at the 200B@ Pacific
Section/SPE Western Regional Joint Meeting: AAPG Searcbecdvery
Article No. 90014.

Wright, T., 1987, Geologic summary of the Los Angeles BasiWright,
T., and Heck, R., editor®etroleum Geology of Coastal CalifornilAAPG
Pacific Section Guidebook 60, p. 21-31.

Wright, , T.L., 1991, Structural geology and tectoniolaetion of the Los
Angeles Basin, California, Chapteri@,Biddle, K.T., editor Active Margin
Basins AAPG Memoir 52, p. 35-134.

Yerkes, R.F., McCulloh, T.H., Schoellhamer, J.E., and Vedd@&r, 1965,
Geology of the Los Angeles basin, California--An introdctU.S.
Geological Survey Professional Paper No. 420-A, p. 1-57.

1.3. History of Oil Production in Los
Angeles Basin

The Los Angeles Basin is labeled as the most dense produkiegion in
the world. Oil was first discovered in the Los AngelesiBasound 130
years ago.

Oil production in the Los Angeles Basin started with tlsealiery of the
Brea-Olinda Oil Field in 1880, and continued with the dgwelent of the
Los Angeles City Oil Field in 1893, the Beverly Hills Gikeld in 1900, the
Salt Lake Oil Field in 1902, and many others. The disgow&the Long
Beach Oil Field in 1921, which proved to be the worldhest in
production per-acre of the time, increased the importance oothéAmhgeles
Basin as a worldwide oil producer. This increased agaimté discovery
of the Wilmington Oil Field in 1932, and the developmefithe Port of Los
Angeles as a means of shipping crude oil overseas.

HALLIBURTON
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1.4.

HALLIBURTON

Assessment of Remaining Oil

Potential in Los Angeles Basin
(from 2012 USGS Report by Donald Gautier)

How much recoverable oil remains in the Los Angeles basin?

The U.S. Geological Survey recently assessed remaining recoveitable
major fields of the Los Angeles Basin using a probalilistethodology.
The methodology considers estimated original oil in plac@IF}, recovery
efficiency, and extent of application of available productemihnologies.
The recovery efficiency in the major fields remains low and bagie
production continues to fall inspite of one of the waldieatest
concentrations of oil per unit area. For example, along titrikdgton
Anticline and Newport-Inglewood Fault Zone, where at leastisids have
estimated OOIP volumes in excess of 1 billion barrels. Thelss have
been on production for about 90 years and now most e&laidely
viewed as nearly depleted. However, with average recovery ahkas28
% of OOIP, recovery in such major fields could reasonably peated to
reach at least 40 to 50%. The USGS assessment suggeststthikaiyos
case is that volumes well in excess of one billion barreld obold be
recovered from existing fields through widespread applicafieument
best practice industry technology (AAPG Search and Discoveigié
#90142 © 2012 AAPG Annual Convention and Exhibitidpril 22-25,
2012, Long Beach, California)

More than three (between 1.4 - 5.6 billion barrels)dgillbarrels of
recoverable oil remains in the ten fields of the Los AngeéesrB(Gautier,
et al., USGS).

Los Angeles Basin Petroleum System

The key features of the LA Basin petroleum system are givewbelo
(Gautier, et al., USGS):

e Prolific Miocene source rock

o Active petroleum system; ideal timing

e Submarine fan and slope channel reservoirs
e Largest traps are faulted anticlines

e World's highest known oil/sediment ratio
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Assessment of Ten Oil Fields

Brea-Olinda

Inglewood
Long Beach
Richfield

Seal Beach

Torrance

HALLIBURTON

| Dominguez Hills

12-24

1.0-1.45

Huntington Beach 3.25-6.0

1.0-25
3.0-36

08-24

Santa Fe Springs 21-27

0.85-1.0

0.9-2.0

0.431
0.274
1.164
0.430

0.946

0.206
0.634

0.221

0.232
Wilmington-Belmont 7.6 —12.0 2.984

19-27

19 - 36
17 -43
26 - 32
09 - 26
23-30
22 -26

12 -26

25-39

' 35-50

35-55
40 - 55
35-55
26-45
30-40
35-50
35-55
35-55

146 - 321
17 - .866
067 - .520
208 - .664
.048 - .357
.097 - .308
110 - 210

128 - .394

.200 - 1.948

.081 - .407

Table 1.2 Assesent of Ten QiFields in theLA Basin (Sarce: Gautier,et al.,
USGS presentedt AAPG 2012Annual Conention & Exhbition, April 22-25,
held at Long Beah, California)

Note: Please réer to Attachnent 1A titled, “Forgone Oil in the L.A. Bsin

by USGS”, byGautier, DonaHll L.; TennysonM. E.; Chargentier, R. R.Cook,

Troy A.; Klett, Tirothy R.
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2.2.

Inglewood Oil Field
Introduction

The Inglewood Oil Field is one of the largest urbanieltk in the United
States. The Inglewood Field was discovered in 1924 andtloegrast 86
years, more than 399 million barrels of oil has been prodinoedthe field
has an estimated ultimate recovery of 430 million barreld ¢Table 1.1).
USGS EUR for Inglewood Field is 67 - 520 million basrbhsed on
technology and ultimate recovery efficiency. The oil andnaayas
produced from the Inglewood Oil Field is consumed entirelgalifornia.

Location

Covering approximately 1,000 acres, the Inglewood Oil Feetthie of the
largest urban oil fields in the United States. It is locatdtie northwestern
portion of Los Angeles Basin, ten miles southwest ofrdown Los
Angeles. The Inglewood Field is not actually in the citymgfiéwood, but is
primarily located in Baldwin Hills and is surroundegd®ulver City and
several Los Angeles communities including View Park, Windslbs, Blair
Hills and Ladera Heights.

The field is bisected by La Cienega Boulevard, north aistla Avenue
(Fig. 2.1). Its natural boundaries encompass the citiesAngeles and
Culver City, as well as the West Los Angeles Communityegellcampus
and the Kenneth Hahn State Recreation Area.

Fig. 2.1. Location map showing the productive bauies$ of the Inglewood Oil
Field (Elliott et al., 2009).

HALLIBURTON
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2.3.

HALLIBURTON

Inglewo od Oil Field Stratigr aphy

The ages of theroducing zmes in the Ingiwood Oil Field range fran early
Middle Miocenego earliest Rdistocene)—agproximately dout 15 to 2Ma
(Fig. 2) (Wright1987) and inludeboth theoldest and thyoungest
productive zone found alonghe Newportinglewood Falt trend. Ealy
production wagprimarily from the Plioceneones wherg¢he geologic
stiucture was rare fully undestood. Morethan half of he produced ib
occurs in the Emiddle Pliocene Vickers zoe (Wright, 887). Most reently,
older (deeper)middle Miocene zones havbeen the tamgs of new
development.

Figure 2.2 showthe stratigrphy of the Indewood Oil Reld.
EPOCH FORMATION RESERVOIR LITHOLOGY THICKNESS DESCRIPTIO!

SAN PEDRO 0' - 200' Recert Sedimorts
PleéiI:O- INGLEWOOD 150" - 300" v
Upper 150' - 300" s iperierg
o Investment 200" - 00" | cortrunus san eracs
] e
UPPER S
PLIOCENE | &
Thin Bedded
Lower|  vickers 1500' - 1700' .,,.:“‘:.‘.”.i?::w
Upper
Rlndge 900" - 1000" Thn 5::::’5:“?“
U Rubel 250' - 300" | srmered eniie.
E Middle Thick beddod poady
LOWER W L Rubel 800/ =700 | et
PLIOCENE | &
a U Moynier 300" - 400" | sarartore, o ong sraie
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Fig. 2.2. Stratigaphic columrfor the Inglevaod Oil Field Elliott et al., 2009).
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The late Miocerm and Pliocee producing pnes at the Igiewood OilField
were all deposid in a similamarine envionment at weer depths 08,000
to 6,000 ft. Thesandstones ahsiltstones rpresent the ater fringes of
despwate fans,deposited byurbidity curients (or simila mechanisms
sweeping acrosthe abyssallain from thef sources tohe northeastThe
sheles were depsited more grdually fromthe clouds obuspended ay
paticles that acompanied thee submarinflows and ladslides, or were
caried into the sa by floodd rivers (Wricht, 1987). Thestratigraphic
section at the liglewood Oil Reld suggestshat during lée Miocene tine,
thenorthwest los Angeles Bsin was largel beyond theeach of deepater
fan depositionThe Bradna zee (Fig. 2.3)contains onlya few thin sads,
ard the intervalbove it is entrely shale {Wright, 1987).

Type Log Dis plays of In glewood St ratigraphy

Figures 2.3a - dlustrate theype log dispdys that helpdil the story ¢ what
the geologic strgraphic sedbn looks likebetween th&D layers. The
section is a sanghale sequeme. Oil reserairs show SR GR sand
excursion assoeted with hidn resistivity, lighlighted geen. The e-Ig
makers correlat the reservas across tha éld andbio stratigraphic pnes
have been estaished acroshe basin bagkon fossil faina to correlat the
oil field produchg meastes.

Inglewood
Investment Zone Type Log
Inglewood Qil Field Stratlgraphlc Column TAIT 447 442
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Fig. 2.3a.Invest@nt Zone Typéog of Inglevood Field
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Inglewood
Vickers-Rindge Type Log

Inglewood Qil Field Stratigraphic Column
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Fig. 2.3b.VickersRindge Zon&ype Log of Iglewood Fiedl
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Inalewood Qil Field Stratigraphic Column
EPOCH  FORMATION RESERVOIR LITHOLOGY THICKNESS DESCRIPTION
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Inglewood
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Inglewood Oil Field Stratigraphic Column

EFOCH FORMATION RESERVOIR LITHOLOGY THICKNI DESCRIPTION

BAN PEOHD

PLEISTO-

CENE | NaLEWGoD

FICO

UFPER
PLIOCENE

LOWER
FPLIOCENE

REPETTO

Lowar

UPPER
MIOCENE

PUENTE

LAI-COMM-B8C 1RD 1RD

4p37081010100
Comp Date=G0/1962

mopLe | L —
MICCENE

i
:

Fig. 2.3e City ofnglewood Zoe Type Log binglewood Feld

HALLIBURTON
CONFIDENTIAL

© 2011 Halliburton All Rights Reserved
Inglewood Oil Field Hydraulic Fracturing Report July 13.docm

21



Plains E xploration & Productio n Company
Inglewo od QOil Field Hydraulic F racturing R eport

SAN PEDST

Inglewood

r PM

-

PLEISTO-
GENE

s it bl ol T

UPPER
PLIOGCENE

BRADNA

P D

LOWER
FLIOCENE

REPETTD

b

Bradna-Sentous , .
Inglewood Oil Field Stratgraphccou/ L

A

P Ty

UPPER
MICCENE

PUENTE

Bradna

1
NecubrShl

Nodular

50 - 175

MIDOLE
MICCENE

TOPANGA

Senlous

200" -1000

Topangn

ot

Sentous

1500

SR
=

2.4.

HALLIBURTON

Fig. 2.3f BradnaSentous Zondype Log ofmglewood Fiedl

History of Inglewood Oil Field

The InglewoodQil Field hasplayed a majorole in the fstory of Los
Angeles. Overhe field's histoy and lifespa more than B29 wells hae
been drilled within the histortal boundaris of the field.

Thefield is locded at the nohern end ofhe prolific Newvport-Inglewood
Fault trend. Figires 1.2 and B.show the loation of thelnglewood Qi Field
in relation to mgor structuraFeatures andther oil fieldsin the Los Ageles
Basin.

The field, whichwas discovesd in 1924 ad first comnercially prodwed by
Standard Oil ofCalifornia (Chevron), has ndergone searal phases of
development sipe the initialdiscovery. Iniial developnent was based
solely on drilling topographidchighs. At thetime of the iitial discovey, the
area consisted fimarily of fa€ming and graing lands. didrilling and
production predted the residatial communities that wee subsequengl built
around its perinater.

Fig. 2.4 gives drief descripton of the Ingewood Explaation and
Production histoy.
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2.5.

Inglewood Exploration / Production History

Initial Explorati

Dry b

on: 1916 - 1924

top:

enter hills

Discoveryin deop ravine thal cuts ¢

in de ol hif
Reservoir Development: 1994 - Present
Vickers zones
+  Discovered 1924
= PeakProduction 1325~ 50,270 bbls/day
= Water Flood Secondary Recovery 1954 - present
+  Normal Fault Comp INP- Ingl dFault
Rindge zones
«  Discovered 1925
+  PeakProduction 1937 - 5 336 bbis/day
+  Water Flood Secondary Recovery 1954 - present
+  Normal Fault Compariments /NP Inglewood Fault
Rubelzones
+  Discovered 1934
= PeakProduction 1938 -4, ¥
«  Water Flood Secondary Recovery 1960 - present
+  Normal Fault! Thrusted anticline/ NP- Inglewood Fault
Moynier Zones
+  Discovered 1932
Peak Prod 19624, y
*  Water Flood Secondary Recovery 1968 - present
+  Thrusted anticline
Bradna zones
+  Discovered1343
= PeakProduction 1959 - 765 boe/day
*  Thrusted anticline! Channel sand stratigraphic traps
Sentous zones
+  Discovered 1940
+  Peak Production 2005

+  Thrusted anticline

Near Field Exploration: 1960

Bradna zone | City of Inglewood sand

+  Discovered 1960
«  PeakF 2005-93

«  Thrusted anticline! Ch

3. 290 boe/day

grap P

EPOCH FORMATION RESERVOIR LITHOLOGY THICKNESS DESCRIPTION
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Fig. 2.4. Inglewod Exploratian / ProductionHistory (Dalon).

Structu re of Inglewo od Field

The InglewoodField is a fauled northwestrending antline. The Setous
thrust fault is pesent on theauthwest flalk and both ttg fault and the
articlinal crest & offset in aight-lateral drection by tle Newport-
Inglewood fault(Fig. 2.5a) Wright, 1991).This offset tak place in léest

Pliocene and Plstocene time

Figures 2.5 “a ttough d” repesent the staiural interpréation of the
Inglewood Oil Feld based oimage logs fom 36 wells.

Note: Please réer to Attachnent 2A title, “Multiple Uses for Image logs
Within the Los Ageles Basih, by Elliott,J.P; LockmanDalton and

Canady, Wyattpresented atlie SPWLA 50 Annual Logying Symposim
held in The Wodlands, TexasJune 21-242009.

The figures illugrate the fauli, dips, igneas rocks andanap of the laver
portion of the Irglewood OilField Structue from different views.

The Inglewoodfield is a fauled asymmetigal northwestrending antline
with west flankdipping about?0 degreesral steeper easlank abouts0
degrees. Notelte index maphows 3 crossections fran south to nah.
The Newport-lIrglewood faultis a right lateal near vertial fault in the
sauthern portiorof the fieldwith the east sie up and we side down.
Volcanic intrusons appear ithe east block There are &éew isolated
transtensional falts associate with the shHow Rindge,Vickers and
Investment seath. The crossection acragsthe centragportion of thefield
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show the Newjort-Inglewoodfault to cut aly the shallever Rubel thu
Pleistocene Ingwood and isassociated wh a large nmber of
transtensional felts and appars to be trarensional upn east dippig
westward. Thisfault systenforms what iscalled the cetral graben.The
deeper sectionNodular, Bragha, Ruble ad Rindge) in his portion ofthe
field is cut by 3Sentous revese faults thahave been imrpreted as ahtust
system soling ot in the Nodiliar Shale onhe steeper eaflank of the
structure. The are of the antiline is morentensely intuded by volcaic
dikes and sills.The northerrcross sectiotnas been int@reted as an
extension of theentral area@ntaining 2 &ntous fault taces with votanic
intrusion in theSentous formaon with theNewport-Ingewood not ckarly
recgnizable buprobably redted to severahear verticafaults that ctithe
stezper east flak. The centragraben is als not clearlyrecognizable.

Base Nodular Structure with Sentous Zone Wells Drilled To Date 03/01/06
~

=
i §
=

-—

| Mapped

Horizon
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Nodular
Shale

| Type Log

taress  4000' TO 6000 PER WELL

" - PXP Deep Inglewood Wells Drilled To Date
% % Cross Section Locations|{e  pxp weis— 17+ ke it - 2008

;| Shown as Blue Lines L PXP Wells — 22 Wells - 2005
o PXP Wells - 1 Wall - 2006

Bsog

Newport-
. Inglewood

36 WELLS WITH IMAGE DATA Fault
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Fig. 2.5a. Schedtic cross sectin of the Ingtwood Oil Fied (Elliot, 2000
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Fig. 2.5b. Schestic cross sectin of Inglewod Field, soutern portion Elliot,

2000).
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Fig. 2.5c. Scheuatic cross sectin of Inglewad Field, cental portion (Elliott

2009).
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Fig. 2.5d. Scheatic cross sectin of Inglewod Field, norhern portion Elliot,
2009).
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3D Earth Modeling

As described in the last section, the geologic structutieeofinglewood Oil
Field is very complex. Building 3D structured earth modegbé et
understanding the structural complexity. The 3D model alsoaascan
excellent visualization tool to understand how the diffehemnizons and
faults are interlinked with each other.

A 3D structural earth model constructed for the Inglew@ddrield is used
to improve our knowledge of earth structure and assiseimonitoring of
subsurface hydraulic fracturing treatments performed at thie fiel
Additionally, this 3D model is used to achieve measurable&sas in our
abilities to characterize the effect of hydraulic fracturing on-sagace
discontinuous ground water bodies and seismic grounebnsotA 3D
model can capture the full physics of hydraulic fracture prafiag thus
leading to a more complete understanding of hydraulic fragfisrimpact at
the surface.

The general procedure and guidelines used to build thisr@Eigal earth
model, which is built on data from well logs identifyifagilts and horizons
(formation tops and fault picks), is described in this eactThe number of
geologic formation tops, available from well controledi$o construct the
individual horizons in the 3D Earth Model were higlrethie shallower
zones of the model such as Pico,Vickers, Vickers "H" Sand ambRi
(~550 well tops) and lower in the deeper zones of the madklas the
Bradna, Nodular and Sentous zones (~120 well tops).i§ pidmarily due
to the fact that there are more well penetrations in the shallowess of
Inglewood Field as compared to the deeper zones.

A 3D structural model is a mathematical representation of stalictu
information obtained from a variety of subsurface souinekjding 3D
seismic data and well log formation tops. Understandiegpatial
organization of subsurface structures is essential for gaiivei modeling of
geological processes and is vital to a wide spectrum of haotasities
including hydrocarbon exploration and production and enuiental
engineering. These models also provide the framework thpbsis
numerical simulations of complex phenomena in which structages an
important role.

The input data used to create the Inglewood 3D structural modsisted
exclusively of irregularly-spaced well log formation tops arell log fault
picks provided by PXP as Excel spreadsheets. Seismic dataatere n
included in this study. Because a number of different PXBajeatists had
picked the various formation tops it was necessary to ajapdy
management procedures and quality control measures (contrilugights,
uncertainty analysis, spatial filtering) to ensure consistertyeen the
geologic horizons and fault networks in the model. Addaily, 3D
visualization techniques for simultaneously inspecting thiecetiatasets
provided an effective means for checking for irregularitighéndata. 3D
visualization was used extensively in this process and wasortant step
in validating the final input data into the 3D model.
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Table 2 lists the horizons and fault surfaces used to cahgre Inglewood
3D structural model. These horizons and faults surfaces lioa available
well log data described above.

Table 2. Inglewood Field Horizons, For mations and Faultsin 3D Earth Model

Horizons Geologic Formation Intersecting Faults

Newport-Inglewood Fault
Sentous III1B Thrust Fault
Newport-Inglewood Fault
Sentous IIIB Thrust Fault

Horizon 1 Sentous

Horizon 2 Nodular Shale

Newport-Inglewood Fault
Horizon 3 Bradna Sentous IIIB Thrust Fault
Sentous Il Thrust Fault

Newport-Inglewood Fault
Horizon 4 Moynier Sentous IIIB Thrust Fault
Sentous Il Thrust Fault

Newport-Inglewood Fault
Sentous IIIB Thrust Fault
Sentous Il Thrust Fault
VRU 278 Normal Fault

Horizon 5 Rubel

Newport-Inglewood Fault
Sentous IlIB Thrust Fault
Sentous Il Thrust Fault
VRU 278 Normal Fault
LAI 361 Normal Fault
VRU 303 Normal Fault
VRU 901 Normal Fault
VIC 242 Reverse fault

Horizon 6 Rindge

Newport-Inglewood Fault
Sentous IlIB Thrust Fault
LAl 361 Normal Fault
LAl 394 Normal Fault
Horizon 7 H-Sand VRU 278 Normal Fault
VRU 303 Normal Fault
VRU 901 Normal Fault
NI North Normal Fault
VIC 242 Reverse fault

Newport-Inglewood Fault
LAI 361 Normal Fault
LAI 394 Normal Fault

Horizon 8 Vickers VRU 278 Normal Fault

VRU 303 Normal Fault

VRU 901 Normal Fault

NI North Normal Fault

Newport-Inglewood Fault

Hlonzea Sl VRU 278 Normal Fault
Horizon 10 Pico Newport-Inglewood Fault
Horizon 11 Surface Newport-Inglewood Fault

The Inglewood 3D structural model is consistent witthHitting the
observation data (i.e. well log formation tops, fault picksd the correct
relationships between the geological interfaces such as thickmesslan
intersecting constraints. Special emphasis and effort was placed o
determining how the complex fault network within the fiatet the geologic
horizons are interrelated. The structural history of tleisl fis extremely
complicated due to the complex interactions between the compralssio
faults, strike-slip faults and normal faulting over geadane. Accordingly,
the sealed fault network was initially created and quality otett before
any geologic horizon were put into the model.
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All faults and geologic horizons comprising the InglewaidField 3D
model were constructed using triangulated meshes. Theseautataty
meshes allow for varying resolution depending on the Idwidiail needed
on a particular surface (i.e. fault-horizon intersection, cureanomaly,
etc.) and the input data density. In this 3D model, thdutso of the model
and mesh quality were such that the misfit between each haniebthe
input data describing the horizon was within the rangeatsf dncertainty.
For complex 3D structural models, this need for adaptivdutsois the
motivation for using triangulated surfaces (triangulatesbular networks)
rather than rigid 2D gridded surfaces. This approach procupesior
topological results and was critical to the success in bagilidiie Inglewood
3D structural model.

The Inglewood structural model was achieved in two steps, Fie sealed
fault network was built to partition the study area iraolff blocks, and
second, the geologic horizons were created.

The generated fault network was first determined by examhomgthe
individual faults terminated into each other. Defining thensxtivity
between the fault surfaces is the most important stejpuctgral modeling,
even before considering the geological surfaces. The inpupfainl data
were visually inspected for spatial relationships and, in wexses, the input
data needed to be both extended and truncated into main anditgdaactt
relationships. In the Vickers/Rindge sections of the madséries of
antithetic normal faults were modeled to truncate into the Neiport-
Inglewood fault creating the central graben in this partefktction. This
central graben terminated at depth and was not present in thex deefions
of the model, dominated instead by the Sentous thruss f@fparticular
consequence was the relationship of the Newport-Inglewood dethi¢
deeper Sentous thrust faults and the older geologic horiebasattitude of
the Newport-Inglewood fault was determined through theofizult
juxtaposition diagrams made from the model and microresistigised
borehole images and published cross sections provided byGedRogic
horizon construction was initiated after the sealed fault nktwas
validated and completed for the final model,

For the horizon-modeling step, all of the 11 horizons wezated at once,
without the faults, and then cut by the fault networdt esinterpolated
using the fault constraints. This approach automatically atespghe
topology of the horizon (fault blocks, logical bordersjl #me boundary
conditions necessary for model validity. This procedureryg sensitive to
the quality of the fault-network representation and tlengrulated mesh
along the fault-cut intersection line; however, this modetipced results
that are consistent with the fault network and stratigrajlyiering rules.
Careful quality control on all interpolated horizons in 3@emodel centered
on mesh refinement, thickness variations between the geblogrons,
surface curvature analysis, horizon/fault intersections, hgngall/foot
wall relationships, abrupt fault displacements, strike variatand other
geometric constraints.
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The Inglewood Oil Field 3D structural earth model was develtpetbore
fully understand the structural complexity present in thessrface and its
relationship to hydrocarbon production & surface grountono
Additionally, this recently advanced 3D model presents a mesppct for
accurately monitoring hydraulic fracturing activities ajléwood field. This
structural model (Fig. 3.1) now provides the frameworghtaracterize the
geomechanical and petrophysical properties needed for streasgtiidies.

Fig. 3.1. Cross section of the Inglewood Oil FiElarth Model showing
different formation, geologic structure and perchvegter bodies near surface.

The final model constructed is presented as a series of stsSiy. 3.2

“a” through “v”) depicting the structural evolution of the lesgood Oll

Field. The snapshots show the different formation layetiseaswere
deposited over time starting from the oldest to the neWastwells selected
for the fracturing study are also shown. Fig. 3.1 “uvetithe hydrocarbon
seal in the Inglewood QOil Field Structure.
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a) Sentous Surface
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b) Sentous Surface with Faults
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c) Nodular Surface on Top

Frac Study \

Wells \ t

Looking North 1 mile
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g) Moynier Surface on Top
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h) Moynier Surface with Faults
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i) Rubel Surface on Top
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m) Vickers H-Sand Surface on Top
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n) H-Sand Surface with Faults
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s) PICO Surface on Top t) PICO Surface with Faults

— - - -

Fra_g/Sf{ldy
_ Wells

Frag:S"Ehdy ( '--~;;:~-~___

_ Wells Pk 4 ‘\;"---\_.._\_

Looking North 1 mile Looking North

u) Ground Surface on Top v) Ground Surface on Top

Looking North d mi Looking North

Fig. 3.2.Snapshots”a” through v* depicting structdrevolution of the
Inglewood Oil Field.
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4.

4.1.

Fig. 4.1 Casing Strings in a Well. Graphic
Courtesy of Texas Oil and Gas
Association; Source: Fracfocus.org

HALLIBURTON

Well Construction and Hydraulic
Fracturing

Drilling Process

Oil and natural gas reserves are buried deep inside the eartbdtinppck
formations as described in Section 1.2. Wells are drillettess these
reserves and produce them. These wellbores are designed to thstlii@

of the well and are often remediated to maintain integritpbeyhe
designated lifespan. The drilling process starts once #raiop has
identified the reserves, selected the area and obtained thetoighiis
During the drilling of an oil or gas well, all the foations through which the
wellbore passes are protected by steel casing that is heltmlpf a sheath
of cement that surrounds the pipe and is bonded to thafian. The well
then goes through a cycle of drilling, casing and cementitibthia target
depth is reached.

Groundwater and water-bearing zones are protected from the cooitéime
well during drilling and production operations by a comaltion of steel
casing, cement sheaths, and other mechanical isolation dedtdethas a
part of the well construction process.

It is important to understand that the impermeable rockdtions that lie
between the hydrocarbon-producing formations and the shallower
groundwater zones have already isolated the groundwater dirensnof
years. The construction of the well is done in a way to prevent
communication (migration and/or transport of fluidsmesn these
subsurface layers.

Casing

The first step in completing a well after a specific sectfdmote is drilled is
to case and cement the hole. Casing ensures that after the dvdliédsand
drilling fluid is removed, the well will not close in updtself. At the same
time, casing also protects the fluid moving through thé fneh outside
contaminants, like water or sand. (www.rigzone.com)

Casing is typically a hollow steel pipe used to line tisgdie of the drilled
hole or wellbore. Each full length of casing is often refétio as a casing
string. Wells are typically constructed of multiple cassitrings including a
surface string and a production string. These strings ane et well and
cemented in place under specific state and local requirements.

Casing strings are an important element of well completioagards to
protecting groundwater resources, where present, because th&y isola
freshwater bearing zones and groundwater from the contiethis wellbore,
including drilling fluids, completion fluids and flowbacér produced oll
and natural gas. In this regard, surface casing providesshknie of
defense and production casing provides a second layer of mtect
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Steel surface casing is inserted, i.e., run, into the welfbame surface to
depths between 60 and 1,500 ft. to protect local water lgezoimes (Fig.
4.1). Steel intermediate casing is inserted into the weth Burface to
depths near the half-way point of the well to protect foimnatthat might
contain higher or lower pressure than the target formatiotelded the
bottom of the well. Steel production casing is insenéd the well from
surface to the total well depth to create a controlled flow foatiiow safe
production of oil or natural gas to surface.

Cementing

After the casing has been run into the drilled hole, it rbastemented in
place. Cementing is the process of placing a cement sheath aroimgd cas
strings (Fig. 4.2). The annulus, the space between thesentiocasing
“strings” and the drilled hole (wellbore), is filled witkment. Extensive
research and development have gone into developing cement &hehds
procedures that will form a tight, permanent seal both todakmg and to
the formation.

CONDUCTOR PIPE

SURFACE CASING

IRTERMEDIATE
CASING

FRODAUCTHON CASING

Fig. 4.2. A tight, permanent cement sheath betwleeicasing and the formation
stabilizes the wellbore and protects fluid movement

The purpose of cementing the casing is to provide zonatisolbetween
different formations, including complete isolation of amgundwater and to
provide structural support for the well. Cement is funelatal in
maintaining integrity throughout the life of the well aaldo provides
corrosion protection for casing.

Cementing is accomplished by pumping the cement (commoniyrkae
slurry) down the inside of the casing into the well tgllise the existing
drilling fluids and fill in the space between the casing thredactual sides of
the drilled borehole. The slurry, which consists of a spewixture of
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additives and cement, is left to harden, thereby sealing théramlinon-
hydrocarbons that might try to enter the well stream, asagglermanently
positioning the casing into place.

After the cement has set, the drilling continues from thoboof the
surface or intermediate cemented steel casing to the next capihg This
process is repeated, using smaller diameter steel casing eachritihthe
targeted oil and natural gas-bearing reservoir is reached.

California State Regulations:

All oil and gas wells drilled and constructed in Califarmust adhere to
strict requirements, particularly from the California Departnoén
Conservation Division of Oil, Gas and Geothermal Ressu{DOGGR).
These requirements include general laws and regulations reg#reing
protection of underground and surface water, and specific remdat
regarding the integrity of the well casing, the cement ussddore the well
casing inside the bore hole, and the cement and equipment sssd odf
the well from underground zones bearing fresh water and loyloleocarbon
resources. (See California Public Resources Code sectiofs3211B,
3211, 3220, 3222, 3224, 3255; Title 14 of the Calito@ode of
Regulations, sections 1722.2, 1722.3, 1722.4, etc.)
(http://www.conservation.ca.gov/dog/general_informationéBAdydraulicF

racturing.aspx
A brief summary of California’s cementing regulationgiigen below.

1722.4. Cementing Casing.

Surface casing shall be cemented with sufficient cement todilannular
space from the shoe to the surface. Intermediate and prodoasiogs, if
not cemented to the surface, shall be cemented with sufficient Cearigin
the annular space to at least 500 feet above oil and gas zahesoamalous
pressure intervals. Sufficient cement shall also be used tioefiannular
space to at least 100 feet above the base of the freshwateeitioereby
lifting cement around the casing shoe or cementing throudbragons or a
cementing device placed at or below the base of the freshwatetone.
casing shall be cemented in a manner that ensures proper distrimd
bonding of cement in the annular spaces. The appropriatsi@iwdistrict
deputy may require a cement bond log, temperature surveyesrsatrvey
to determine cement fill behind casing. If it is determined the casing is
not cemented adequately by the primary cementing operatiorpenatar
shall re-cement in such a manner as to comply with the abovieereguts.
If supported by known geologic conditions, an exceptiaihéocement
placement requirements of this section may be allowed by themjzie
Division district deputy.

NOTE: Authority cited: Section 3013, Public Resources CBaference:
Sections 3106, 3220 and 3222-3224, Public Resources Code.

Link to website:
http://www.conservation.ca.gov/dog/pubs_stats/Pages/mulations.aspx
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Perforatin g

Once the well idrilled to thetarget zone,ased and ceamted in placethe
pay zone is thersealed off bythe casing athcement. Pdoration is the
process of creaty holes, i.e.perforationsjn the casingnd cementiad into
therock formaton to allow ol and naturald flow into the well from te
target zone andbe producedd surface.

Figure 4.3 illustates the perfi@tion proces A shaped loarge is usedt
create the pinpait holes or islated tunnelshrough the asing and ceent
sheath that conect the insideof the prodution casing tahe formatia.
Since the perfation only crestes a pinpoihhole, the prducing zonetself
is isolated outsle the produdbn casing bythe cementlaove and bela the
zone, as well aby the cemenin betweentie perforatios (API, 2009) The
cement on the otside of the esing isolateshese perfation tunnels fom
other zones abee or below ad allows conmunication fom the welbore to
theformation ad vice versa.

Perforatng
Gun

Casng

Cement Cement

Tunnel Created by Perforating

. .

Formaton Casing Formation

Fig. 4.3. Drawirg illustrating the well perfoating processLeft, the shayat
charge creates #ole through be steel pipegement, and fonation in itspath.
Right, the results an isolated wnnel that conects the insid of the prodation
casing to the fomration. Theseunnels are istated by the aeent. Additiaally,
theproducing zaoe itself is isahted outside th productiorcasing by the ement
above and belovthe zone (API2009)

The casing andement stabilie and protecthe wellboreand preventltiids
from moving béween the famation layersCasing and @nenting hegbs
protect the grondwater, whee present, fron contaminaon. Proper saing
of annular spacgwith cementcreates a hdraulic barrierto both vertial and
horizontal fluid migration.

HALLIBURTON
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What Is Hydraulic Fracturing?

Hydraulic fracturing idNOT a “drilling process.” Hydraulic fracturing is a
well completion method that is done after the well has beéadiand the
drilling rig has moved off.

Hydraulic fracturing is the practice of injecting a well withacturing fluids
(typically 99.5% water and sand) and proppants (small, trasalids) at
pressures sufficient to break the rocks and to create ore@dtiar fractures
that extend from a wellbore into targeted rock formationsppants are
pumped in a viscous fluid and placed in the created fractubesgensure
the crack remains open after the hydraulic pressure is nerlbegg
applied. This creates a highly conductive path between the rasandaihe
wellbore and helps to increase the rate at which fluids carodeged from
reservoir formations, in some cases by many hundreds of péfigr4.4).

In existing and mature wells, hydraulic fracturing is danmtrease the
output of a well or enhance oil and natural gas recovery.

“Natural” Complelion

sk

s
{ Y
| —

N

y\:anjmirail:u]-’;'il_c_:;iﬁi-'?_":’i“”i{‘j_lﬂ_;_l 2 ]_/
i T

Fig. 4.4 lllustration of the flow into a non-fraced well, i.e., a natural
completion (top) and a fractured well (bottom) (AR0Q9).

Figure 4.5 compares the production rate and cumulative proddotian
untreated well and a well that has had a hydraulic fracture tre@atineerhas
been stimulated. It can be clearly seen that hydraulic fratteatments
significantly increase the production of oil and natural gas fthe
formations. In both the graphs, the red curve repredemitsritreated well
and green curve is for the well that is treated with hydrédacturing.
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Production Rate Cumulative Production
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®Untreated Radial Well @ Hydraulically Fractured Well ] [ @®Untreated Radial Well & Hydraulically Fractured Well J
Fig. 4.5. Compason of the prduction rate ad cumulativeproduction fo
untreated well ad a well treaed with hydraldic fracturing.
The figure givenbelow illustietes a typicahydraulic fracturing operatbn
along with surfae equipmentayout and alownhole viev of the procss.
Figure. 4.6a sh@s common fidraulic equbment used w surface in a
typical fracturirg operation. K. 4.6b illustates a typicahydraulic
fracturing operéion and a devnhole view @ the process.
aﬁar;'lﬂni.tmring 1
Van
| Chemical Storag Sand Storage |
vy Trucks Uni@_s_ -
Gel Siurry. Frac Tanks - Stimulation
§ Transport § | Fluid Storage
Fig. 4.6a. lllustation of common hydraulic facturing equbment on sugce
(www.hydraulicfacturing.com
HALLIBURTON
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CASING DETAIL

Groundwater agquifer
(up to 1,200 #t below surfaca)

Pipe

Multiphe
steskand
cament
barriars

FRACTURE DETAIL

|nfuced fractures

Wertical drilling
depth of up to
2.8 mifes below
the surfacs

Producing formation

"Moi to scole

Fig. 4.6b. lllustration of common hydraulic fradtug equipment on surface
(Source: Encana)

Hydraulic Fracturing - A Historic Perspective

The origin of hydraulic fracturing can be traced to the 1868en liquid
nitroglycerin (NG) was first used to successfully stimeilait wells in
Pennsylvania, New York, Kentucky, and West Virginia. Tgriaciple was
soon applied to natural gas and water wells. The first hydrratturing
treatment was performed by Stanolind Oil in 1947 in Grantr®y/, Kansas,
to stimulate a limestone formation in the Hugoton field depth of 2,400
ft. (Fig. 4.7). It's first commercial application was 840, and the success
of this technique in increasing production from oil wedisuited in rapid
adoption by the oil and natural gas industry.
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Fig. 4.7. In 1947 Stanolind Qi conducted ta first experinental hydraulc
fracturing job inthe Hugoton #ld, located insouthwesteriKansas
(Montgomery ad Smith, 2010).

In 1948, the “Hydrafrac” proess was intrduced more wdely to the
industry in a tebnical paper pesented by @anolind Oil Clark, 1949) A
patent was isswkin 1949, wih an exclusie license grated to the
Halliburton Oil Well Cementng CompanyHowco) to pmp the new
Hydrafrac procss. That yeaB32 wells in he United Stees were tread
with an averagproduction ircrease of 7%. By the mid1950s, up t3,000
wells were hydaulically fractured per morit. Today, thee are tens of
thousands of hgraulic fractuing treatmerg pumped anmally worldwide.

Fracturing fluidtechnology ks evolved sige the first tratments. Though
the early-1950streatments w=l gelled crde oil or kerosne. Water bcame
a viable fractunng fluid in 1953 as a numbreof gelling aents were
developed. Thesarly 1960saw the introdiction of croslinked gels. h the
ealy 1970s, théndustry bega using metatrosslinkingagents. This
allowed fractunng fluids to abieve the desed viscositywhile using &ss
gel A majorityof the fracturng treatmentperformed tlese days coain
aqueous fluidswater or brine as the bastuid with a snall amount 6
additives like sufactant, bioailes, crosslingr, clay contet and gel.

Note: Please réer to sectionditled “Fracturing Fluid” and “What's in
Fracturing Fluid” on Page 4 for additiorel details.

Since StanolindDil introduced hydraulic fiacturing in 1919, close to &
million fracturetreatments hae been perfoned worldwie. Fracture
stimulation notonly increaseshe productio rate, but islso creditedvith
adding to reseres—9 billionbbl. of oil andmore than @0 trillion ft* of
natural gas haveeen addedisce 1949 tdJS reserves ahe—which
otherwise wouldchave beenneconomicald develop (Wdraulic Fraatring,
JPT, Decembef010).
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Hydraulic fractuing has hadn enormousmpact on Anerica’s eneryg
history, particuérly in recenttimes. The abity to produe more oil ad
natural gas fronolder wells ad to develomew productin once thoght
impossible hasnade the proess valuabledr US domest energy
production. Witiout hydraulicfracturing, & much as 8% of producton
from formationssuch as gadales would b, on a practial basis,
impossible to reover.

Many fields wauld not exist 6day withouthydraulic frac¢uring. In theUsS,
these include th Sprayberryrend in wesTexas; Pine lsind field,
Louisiana; Anadrko basinMorrow wells,northwesterrOklahoma; tle
ertire San Juabasin, New Mxico; the Dever Julesbug basin, Coloado;
theeast Texasra north Lousiana trend, Gtton Valley;the tight gasands
of south Texas rd western Glorado; the werthrust belbf western
Wyoming; andmany produang areas in theortheastertyS.

Why is Hy draulic F racturin g Needed ?

Hydrocarbons @ located intie pore spacbetween grais of reservairock
ard are generaji found in rok formationsdeep belowhe earth’s sueice
(generally 5,008. to 20,00(Ct., or more) At these dep#) there mayot be
suficient permability to allow these hydrcarbon moleales to naturdy
flow from the rak into the vellbore at ecoomic rates. many reserwirs
such as gas shed, the rocks &ve such lovwpermeability(which is masured
in the microdarg to nanodarg range) thathe flow capaity of the rok is so
low that hydroerbons cannonaturally flav out of the rak into the
wellbore. This ighe case wit the Nodulashale formatbn found in tke
Inglewood Oil Reld.

Hydraulic fractuing is a requiement in lev-permeabiliy reservoirs tanake
it economical. h medium pemeability resevoirs, it is dme to accelete
reavery. In hidh permeabiliy reservoirs, iis done to bgass near wébore
regriction to theformation (when presentand enhancempduction.
Hydraulic fractuing increaseshe contacteea betweerhe well and tie
reservoir and albws for greaty increased ydrocarbon reovery.

Production carbe Why We Frac
Radial Flow

acdhieved in suchwells
with the help o&
reservoir stimulation
method, i.e., hgraulic
fracturing treaiment. Fig.
4 8illustrates hwov the
hydrocarbon mtecules
flow from the reervoir
to the wellbore.

Fig. 4.8. lllustraton of flow ofhydrocarbonmolecules fronthe reservoito the
wdlbore.
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Hydraulic Fracturing: The Process

The wellbore is constructed and stabilized as mentioneddtid 4.1
before the fracturing process begins. The hydraulic fractpriogess
involves the placement of proppant carried using a visdoigkifi the
reservoir at the targeted depths.

The frac fluids used in the fracturing process (about 9%va%r and sand)
pass down the well inside of the steel casing until teagh the zone to be
fractured. The sand and proppant, carried by the fluid, cestpé newly
created cracks in the rocks and holds them open. The propgel iy
fracture then becomes a high conductivity conduit and creates passag
through which the formation fluids can be produced backeavigll. A
small percentage of additives (like surfactant, biocidessknésr, clay
control, gel, etc.) are typically included to aid in the delivafrthe
fracturing treatment to the intended formation.

Note: Please refer to Section titled, “What's in Hydraulic Fragng Fluid”
on Page 41 for additional details.

At this point, the fracturing process is considered corap{@h average, the
fracturing process may require anywhere from 1 to 10 aagsmplete,
depending on the number of zones to be treated.

Once the rock has been fractured, fracturing fluids are fldvaell out of
the well and in many cases recycled and reused or properly te¢ated
permitted disposal facilities. Once the flowback water is remadhechewly
stimulated well will produce oil or natural gas.

The equipment for the hydraulic fracturing treatment, eugnpgs and
trucks, and the associated traffic needed to do the job are renhovealst
cases, the only equipment remaining typically consists afyateon valve
and collection equipment.

The reservoir zones that are fractured are several thousand feettelow
surface, far below the water-bearing bodies that supply dgnkater. The
hydrocarbon reservoirs are sealed by the surrounding ratiafions and
contain a finite amount of producible material. Hydrocarbapction is
not related to water-bearing bodies near the surface excdm bgaled
wellbore that passes through the water zone on the wag taubh deeper
hydrocarbon zones.

Figures 4.9 a-f illustrate the hydraulic fracturing procasseguence.

HALLIBURTON
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Fig. 4.9b. The target zones to be produced areopatdd, typically using a
perforating gun equipped with shaped charges.

Fig. 4.9c. After perforating, fluid is pumped ungbeessure sufficient to crack
(fracture) the reservoir rock.

45
CONFIDENTIAL
© 2011 Halliburton All Rights Reserved
Inglewood Oil Field Hydraulic Fracturing Report July 13.docm



Plains Exploration & Production Company
Inglewood QOil Field Hydraulic Fracturing Report

Fig. 4.9d. After the fracture is initiated, fluiduecying proppant is pumped into
the fracture. The proppant will remain in the frat to hold it open.

Fig. 4.9e. The Fracturing treatment of the two zisecomplete and proppant is
being removed from the wellbore.

Fig. 4.9f. Wellbore and formation are clean and fogérbon production
begins.
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It should be noted that not all hydraulic fracturingdifiows back.
Fracturing fluid that does not flow out of the well iagped in the
hydrocarbon bearing formation or imbibed in the pore spacéeirocks

just like oil and gas had been trapped in the hydrocarbombgedarmation
for millions of years.

Fracturing Fluid

The fracturing fluid may include a range of different fluidsluding water,
gels, foams, nitrogen, carbon dioxide or even air in sonescaAsjueous
fluids, water, and brines currently serve as the base filagproximately
96% of all fracturing treatments employing a propping agent

The fracturing fluid has two major functions:

1. Create atensile crack
2. Transport the proppant along the fracture length.

What's in Hydraulic Fracturing Fluid?

Today'’s fracturing fluids are primarily water and sand witieling agent
and small percentage of different additives needed to modiywvas
conditions to improve flow, to clean the wellbore, prevaratie formation,
and prevent bacterial growth in the well (Fig. 4.10). Theume is
approximately 99.5% water and sand and the rest 0.5% coofsisghly
diluted additives.

ExHiBIT 35: VOLUMETRIC COMPOSITION OF A Gelling

FRACTURE FLUID Agent Scale
- = KCl 0.056%  |nhibitor
0.06% 0.043%

pH Adjusting

Surfactant ™\
0.085%

Breaker
. 0.01%

Crosslinker
0.007%

fron Control
0.004%

\ Corrosion

Inhibitor
0.002%

Biocide
0.001%

Friction
Reducer Acid
0.088% 0.123%

Fig. 4.10. Composition of a typical fracturing u{GWPC, 2009a).

These additives are common chemicals that are a part of our aydines.
For example, the material used to make the fluid thick (viscswsually a
natural polymer derived from guar beans—the same agent usesinietics,
ketchup and soft ice cream. The exact formulation is variabldepehds
on the well conditions and reservoir characteristics. ThegraVater
Protection Council (GWPC) has characterized the blend as “soap.”

The Ground Water Protection Council (GWPC) and the Itaer©il and
Gas Compact Commission (IOGCC) host a hydraulic fracgurhemical
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disclosure registry called FracFocusvatw.fracfocus.orgOn the
FracFocus website, the public can find a list and informatimut the
additives used in hydraulic fracturing treatments. A breade of industry
participants including America’s Natural Gas Alliance (ANGihe
Independent Petroleum Association of America and the AmericaridRetro
Institute (API), support fracfocus.org.

Proppants

Proppant is solid material suspended in the fracturingd fthat holds the
hydraulic fractures open. A variety of natural and manmaatenals are
used are for proppant, including sand, resin-coated satiananmade
ceramics. The selection of proppant is dependent on the stmegitions of
the reservoir.

The concentration of sand (Ibm/gal) proppant remained |divtha
introduction of viscous fluids, such as crosslinked wheesed gel, in the
mid-1960s allowed pumping higher sand concentrations. dtyeng sand
concentrations are needed to achieve higher proppant distriliation
Ibs./ft2) in the created fracture. Proppant distributirelated to
conductivity in the reservoir.

Hydraulic Fracturing Treatment Steps

The placement of hydraulic fracturing treatments in the resesvoir
sequenced to meet the particular needs of the formation. Widtaulic
fracturing treatments are essentially the same for all wellss gvery olil
and gas zone is different, the steps and type of the fragtueiatment may
change depending upon unique local conditions. Every fraceatment
must be tailored, i.e., specifically designed to meet locahme and
formation conditions, The “exact” hydraulic fracturing treatigend
consisting of fluid, sand and chemical additives and thejqrtions will
vary based on the site-specific depth, thickness and other @ratict of
the target formation.

The following example describes the different steps in imayfracture
treatment.

1. The hydraulic fracturing fluid pad stage (water with faotreducing
additives), helps initiate the fracture and assist in theepiant of
proppant material.

a. Hydrochloric acid is used in some formations or hydraulic
fracture treatments to reduce any near wellbore restriction or
clear cement debris in the wellbore or to reduce fracture
initiation pressures. The volume of acid used is low aigd it
spent (used up) within inches of the fracture entry poidt an
yields calcium chloride, water and small amount oL@
live acid is returned to the surface (George King, 2012, SPE
152596).

2. A proppant concentration stage, which may consist of sesidratages
of water combined with proppant material. This stage magaolely
use several hundred thousand gallons of water. The size fojheant
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material and the proppant concentration will vary during risgtinent —
starting with a lower concentration of finer particles and rampp to
higher concentrations of coarser particles.

A flush stage, consisting of a volume of fresh waterioelsufficient to
flush the excess proppant from the wellbore.

Types of Hydraulic Fracturing Treatments

There are several different types of hydraulic fracturing tregsmesed in
the industry that depend on the reservoir characteristicarand The three
most common types of hydraulic fracturing treatments are sisdubelow:

A. Conventional Fracture Treatments: In this type of treatnvestier
is mixed with a polymer and a crosslinker to create a viscuoigs fl

Chemicals called breakers are pumped with the crosslinked gel and

in combination with the elevated temperature in the formation,
return the crosslinked gel to a viscosity approaching thagtér
after a predetermined time period, so that it can be recoverad fro
the formation. Proppant is pumped along with the farid remains
in the created fractures to hold them open. The primary aalyant
of gels fracs is that the higher viscosity of crosslinkeld @lows
pumping of higher concentrations and larger size proppaetialat
Conventional gel treatments generate longer propped fracture
lengths than a water frac (Rushing and Sullivan, 2003). Hervev
gel fracs may leave some gel residue in the pore spaces of the
formation. In a formation with small pores, such as low-
permeability formations, the remaining gel can block the fiath
of oil or natural gas to the well and reduce well production
performance.

B. High Volume Hydraulic Fracture Treatments: This typera€ture
treatment consists of water with a very small percentage (tiypical
less than 0.1%) of a friction-reducing chemical. Propmaptimped
along with the fluid and remains in the created fractureslith h
them open. High volume hydraulic fracture treatments haveetimi
fracture height growth. Also, since there is no gel resithese is
less risk of decreased well performance resulting from gel damag
to the formation. However, the lower viscosity of the Ifhgd
means that proppant placement in fractures is more diffigtiit
high volume hydraulic fractures because the proppant fallsfout o
suspension very quickly. This may affect well performance.

C. Hybrid Fracture Treatments: Hybrid treatments are a type of
hydraulic fracturing treatments (not high-rate gravel pac) th
combine the advantages and benefits of both conventiehahd

high volume hydraulic fracture treatments. They were developed in

the early 2000s to improve stimulation effectiveness. Initiybr
treatments, low-viscosity and hydraulic fracture treatmerddlui
with friction reducing additives are used initially to ceetie
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fracture and then followed by a high-viscosity gelled floighlace
the high-concentrations of larger sized proppant.

Regulation

In 2009 the Ground Water Protection Council (GWPC) revietiveail and
gas regulations issued by 27 states to protect groundwhatestudy found
that not all requirements related to casing and cementing wells are
universally applied in each state studied, rather, they mayberdypplied on
a case-specific basis (Fig. 4.11) (GWPC, 2009b).

78%

L 67%

Fig. 4.11. Casing and cementing requirements bygqregage of the 27 states
reviewed (GWPC, 2009b)

More than 30 state and federal regulatory agencies, incltfiengd.S.
Department of Energy, the Interstate Oil and Gas Compact Cxmiomiand
the Ground Water Protection Council have studied the oil ahdal gas
industry operations including hydraulic fracturing. Thports these
agencies produced have concluded that the technology is safelnd w
regulated.

In California, DOGGR oversees the drilling, operation, rigaance and
plugging and abandonment of oil, natural gas and geothevetial (Source:
www.conservation.ca.gov/dog/Pages/index.aspx

DOGGR has strict guidelines on well design and well cangen that
operator’'s must comply with. DOGGR’s well constructitemslards,
consisting of the use of casing, mud, and cement, serveverrfluid
migration and the commingling of lesser quality fluid$e hole and casing
annulus space, between the top of the cement isolating thelabarzones
and the base of the cement covering the BFW interface shouldhéave
mud to prevent the movement of fluids. (14 CCR 88 1728Ad61723(b).)
(Sourcewww.conservation.ca.gjv

The American Petroleum Institute (API) also provides guidamcke
recommended practices for well construction and well intefpitwells
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that will be hydraulically fractured. The guidance providgdPI helps to
ensure that shallow groundwater zones will be protected.

Note: Please see Attachment 4A titled “Hydraulic Fracturing Opiers —
Well Construction and Integrity Guidelines” by API, Fitsdlition, October
2009 for additional details.

Moreover, regular monitoring takes place during drilling aroduction
operations to ensure that these operations proceed witabligiseéd
guidelines and in accordance with the well design, well jglad permit
requirements. Finally, the integrity of well constructisrperiodically tested
to ensure well integrity is maintained.

Frac Packs

In the Baldwin Hills, the majority of the wells are comphtusing frac
packs. This process is different from the hydraulic fractustimulation
techniques used for tight sands, gas shale and coal gas recovery.

The frac pack completion technique involves two distinct ilgacitages
performed in a single step that are dicussed in Section 9.

The frac packs will be referred to as “high-rate gravel packs (JRI@ this
report.

Note: Please refer to section 9 for additional details anadésion on
“high-rate gravel pack treatments”.
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5. Hydraulic Fracturing and HRGP
Analysis

5.1. Methodology to Perform Pressure
History Matching

This section provides a detailed description of the metloggtalsed to
perform the pressure history matching that was conducted yrarihe
wells for Inglewood Oil Field study. The word “histémefers to the earlier
hydraulic fracturing stimulation treatments conducted atiéhe. f

Pressure History Matching is the process of matching the dcdcalring
treatment pressure curve with a simulated curve generated bigrateal
frac model. This is an iterative computational process ictwimne frac
model is run using different values for reservoir and mrdperties, while at
the same time honoring the observed values obtained fronclogs step
down, Diagnostic Fracture Injection Test (DFIT) or expeggegnmtil an
acceptable match is obtained.

This process helps to build a calibrated fracture modeaksadhelps
identify critical reservoir characteristics and parameters.

Data Validation and Pressure History Matching
Steps

A description of the steps in the methodology used to perfistory
matches for the different fracturing stages in different foiomatin the
Inglewood Oil Field follows.

e Well Log Data — Triple-combo logs (the term Triple Combderived
from the three principle measurements collected by the taad st
resistivity, density and porosity) were available in all fations for all
the wells analyzed in this report.

¢ In the Vickers and Rindge formation, no dipole sonic logse
available and only limited core information was available. The
* LAS files were imported in the GOHFER model and reservoi
and geologic properties were set in the model based on the
available information from logs, research papers and
publications, and before treatment step-down/minifrac analysis.

¢ Dipole sonic information for an offset well was availabtnir
6,000 ft. and deeper. The dipole sonic log provides nmébion
regarding the formation stresses. For the Sentous andaiodul
formations, the triple combo and dipole sonic log data was
processed to create an input log file for GOHFER model.

e Core data were also available for the wells in the Nodular
formation. The processed log data for the Nodular formation
were also calibrated against the core data to honor the rock
properties data provided by core testing.

HALLIBURTON
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e Grid — A grid with the following dimensions was used &l the stages
of wells in all formations:

e Grid cell size — 5 ft. X 10 ft.

e Number of columns — 200

e The total height of the reservoir grid varied for each stage and
depended on the height of the perforation interval and relevan
formation thickness. To provide enhanced visualization the
length of the grid was adjusted based on the lengtheof th
fracture created.

e Real-Time Fracture Data — Real-time frac data recorded at a 1-sec
interval in the field during the fracturing job were immatinto the
GOHFER model for each stage

Step-Down Tests were conducted for all of the stages, whetatewere

available, for the analyzed wells in the Vickers and Rindgadtion and

for all the stages in the 2 wells analyzed in the Sentousatons. Minifrac

Analysis was performed on the step-down tests, wherever deati@ab

determine critical reservoir parameters, such as closure pressure,

permeability, pressure dependent leakoff, and process zore 3ines

values obtained for these parameters were taken into considesxdiie

performing the history match.

What is Step Down Analysis?

Step-down analysis is used to calculate perforation and neaoveell
friction losses and determine the number of holes operepAdsiwn test
analysis of rate verses pressure is done to determine the nofmber
perforations open and also near wellbore friction to enable atitmulof the
power-law coefficient required for calibrating injection pressurThis
analysis is used to determine near-wellbore pressure fesssefi.e.,
problems with anomalously high pressures that may resalb@ar-wellbore
screenout).

This analysis is performed after fracture propagation hasdstahlished.
Then during shut down the rate is decreased in a stairastbjpifi for a short
period of time while the pressure stabilizes. As the figpaate decreases,
the pressure also decreases as a result of perforation andatibare
pressure losses. The relationship between the decreasing ratesswie
results in a determination of near wellbore pressure losses.

e Diagnostic Fracture Injection Tests were performed in bothswethe
Nodular formation, VIC1-330 and VIC1-635. The parametenesl
obtained from these tests were taken into consideration while
performing the history match.

Diagnostic Fracture Injection Test (DFIT)

A DFIT uses a small-volume, low-rate fluid injection felled by an
extended shut-in period to evaluate individual zones. Asriésspre leaks
off and declines, high-resolution pressure data are recordese Ppinessure
data are analyzed to determine several essential reservoir parareetkad n
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in designing and optimizing the fracture treatment and thalsoeised to
estimate:

e Reservoir Pressure

¢ Permeability

e Closure Pressure

e Pore Pressure

e Leakoff

For many low permeability reservoirs, a DFIT represents the on
opportunity to determine these properties. Consistenitsdsave been
obtained from DFIT tests conducted in all types of unconeeali
reservoirs, such as gas shales and tight-gas sandstones.

The reservoir parameters obtained from DFIT analysis araugezhin the
GOHFER analysis of hydraulic fracturing stimulation treatreen

GOHFER®

The Grid Oriented Hydraulic Fracture Extension Replicator (EERF)
fracture simulation software was used to perform the kist@tch. The
model was run with all log and frac data imported in itlamt acceptable
match was obtained.

GOHFER is a planar 3-D geometry fracture simulator with a fullypted
fluid/solid transport simulator that is used for theigiesanalysis and
optimization of hydraulic fracture stimulation treatments. 3tféware
allows direct importing of digital log data and has a knilog analysis
package to create a more accurate lithological description. The BRFHF
simulator allows modeling of multiple fracture initiatisites
simultaneously and shows diversion between perforationisl Flu
composition, proppant concentration, shear, leakoff, wjgttgsure,
viscosity and other state variables are defined at each grid block

Note: Please refer to Attachment 5A titled “SPE Paper 10792 the
rationale for choosing GOHFER.
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5.2.

Well List for Hydraulic Fracturing
Report

Eight wells were selected (Table 5.1) for use in the hydrémaleturing
study.

¢ 4 wells in the Vickers and Rindge zones
¢ 1 well in the Moynier zone

e 2 wells in the Nodular zone

e 2 wells in the Sentous zone

Note: The well analyzed in the Moynier zone was the sammeasf the
2 wells in the Sentous zone.

High-rate gravel-pack treatments were used in the analyzediwéis
Vickers and Rindge zones and hydraulic fracture stimulateatments
were used in the other zones. A total of 21 high-rate gpaaei treatments
and 8 hydraulic fracturing stimulation treatments were histwatched
(pressure matched) and analyzed for this Inglewood Oil Freld Report.

Table 5.1. Wells used in the Inglewood Oil Field FractuStagdy.

Formation Number of Frac
Well Name | Well # Completed Type of Treatment Stages
VRU 4243 5
BC 285 Vickers and Rindge High-Rate Gravel 6
Stocker 461 Pack 4
TVIC 274 6
TVIC 1033 Hydraulic Fracture 2
Sentous . .
VIC2 1133 Stimulation 1
. Hydraulic Fracture

VIC2 1133 Moynier Stimulation 8
VIC 330 Nodular Hydra_ullc Fr_acture 1
VIC 635 Stimulation 1

Well Selection Criteria
The wells were selected to analyze all the above listed formations

Selection criteria included location within the field and webpect to the
faults, i.e., on both sides of major faults, and the auéilabnd accuracy of
existing data, e.qg., fracturing treatment, well logs, and vesgsroperties.

Figure 5.1 is an aerial photo (map) view and Fig. 5.2 avsae of the
Inglewood oil field showing the study well locations.

HALLIBURTON

56
CONFIDENTIAL
© 2011 Halliburton All Rights Reserved
Inglewood Oil Field Hydraulic Fracturing Report July 13.docm



Plains Exploration & Production Company
Inglewood QOil Field Hydraulic Fracturing Report

HALLIBURTON

Aerial Phot
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Fig. 5.1. Aerial photo of the Inglewood Oil Fieldaving the locations of the

wells used in this fracture report.

5ide View of Frac Study Wells

Fig. 5.2. Side view of the Inglewood Oil Field siraythe locations of the

fracture report wells and reservoir zone surfaces.
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High-Rate Gravel Pack Analysis
(HRGP)

High-rate gravel pack (HRGP) treatments were performed inittiesis
and Rindge zones of the Inglewood Oil Field. The analysiseoHRGP
treatments in the Vickers and Rindge zones is discussed below.

A brief summary of the Vickers and Rindge zone is provifdre the
HRGP analysis.

The created HRGP geometries (as predicted by the GOHFER maxuiel)
imported into the earth model to provide visualization anetieb
understanding of the HRGP in relation to the formatams discontinuous
groundwater bodies near the surface.

Note: Please refer to section 9 for additional details anad$sion on
“high-rate gravel pack treatments”.

Vickers and Rindge Formation
Introduction

Most of the treatments performed in the Vickers and Rindgea@end RGP
treatments. Some gravel pack treatments have also been done.efhaires
is already porous and permeable enough that it doesauaite conventional
hydraulic fracturing.

The Inglewood Oil Field located along the Newport-InglewBadilt trend
has undergone several phases of development since its discot824.
Sands within the shallow Pliocene Vickers and Rindge zoabangs of the
Pico and Repetto Formations (Fig. 5.3), are the traditiangéts in this
field and have accounted for more than 60% of total cumulpt@uction
at the Inglewood field (Moodie et al., 2004).

The Vickers and Rindge formations consist of a 1,200 0%, &. sequence
of friable turbidite sands that range in depth from 108,000 ft. The
individual sands in these zones are numerous but notdodily thick and
represent distal turbidite deposition (Webster, 1987). abt@ntinuity of
the sand packages is good but vertical communication across thatkn
intervals is very poor. The best permeability, 100+ mdound at the top of
the Vickers and decreases with depth to less than 50 md. tiesrosnge
from 33% in the shallowest sands to 27% in the deepes gdtabdie et al.,
2004).

There is abundant and complicated normal faulting thrdbg Vickers and
Rindge zones. Most of these normal faults act as barrifitsddlow due to
juxtaposition of the sands. Structural dips in these zareegenerally less

than 20 degrees (Moodie et al., 2004).

The shallow and extensive Vickers and Rindge zones have produoed mo
than half of all the oil historically produced at the field.
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Fig. 5.3. Inglewod Oil Field statigraphic cdumn showinghe position bthe
Vickers and Ringe zones (Ldanan, 2005) ad well log frar that zone.

Well Selec tion List and Crit erion for Analysis

Four wells thathad been prewiusly compléed in the Vikers and Ridge
zones using hig-rate gravel pck treatmerg were seleed for analysis
VRU-4243, TVIC-274, Stockr 461, and B-285. The wells were seleted
because of theitocation withn the field adl with respetto the faultsWells
were picked orboth sides ofnajor faults.The availabiliy and accuracof
thedata (frac tratment, log @ta, reservoiproperties etg.also playedrole
in the well selettion process.

Summary of Press ure Histo ry Match Analysi s

Twenty-one indpendent higfrate gravel pck treatmers from the fou
wells selected inhe Vickers ad Rindge zoes were presire history
mached usinglte GOHFERfrac model.

Note: GOHFERIs a frac sinulator, howeer the high-rae gravel pak
treatments weranalyzed usig GOHFER 6 get a comarison and
understanding 6the gravel pck geometris. Experts inthe industry hve

59
CONFIDENTIAL

© 2011 Halliburton All Rights Reserved
Inglewood Oil Field Hydraulic Fracturing Report July 13.docm



Plains Exploration & Production Company
Inglewood Oil Field Hydraulic Fracturing Report

HALLIBURTON

used GOHFER to analyze similar type of high-rate gragekgreatments
and believe that it does a better job than any other ntbdekhey have
applied.

The Appendices contain the final values used to obtain ttenhimatches
and the HRGP geometries for the different stages using tieatati model
after history matching.

The results of the pressure history match of the Vickersamthe in
GOHFER model showed the following:

e The height created by the high-rate gravel packs in the Viekelrs
Rindge formations (as predicted by GOHFER frac model) was, on
average, in the range of 100 to 170 ft. for the majofithe stage. The
HRGP height in several stages was around 200 to 240 ft.

e The HRGP height is very small in relation to the deptlnefftacture.

e The top of the created HRGP is at least 1,000 ft. belom the bottom
of the deepest perched water zones in the area that includes the
Inglewood Oil Field.

Note: Please refer to Appendix A titled “High-Rate Gravel Packlgsis
Results for Wells in Vickers and Rindge Formation” fetailed results and
analysis of history matching.

HRGP Analysis Results

Figures 5.4a - f present different visualizations of the RR@ometries
predicted by the calibrated GOHFER model based on data feohigh-rate
gravel-pack treatments. The figures also show the relevant format
surfaces, ground surface, geologic structure including majtis fand
discontinuous groundwater bodies near the surface.
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a) Side View of Frac Study Wells with Modeled Frac Geometries
Vickers Formation
Inglewood Field, CA

qF ?F ;;
Small Volume HRGP with '
Smaller Geometries

Fig.5.4a. Sideview showingrodeled HR® geometriesri the Vickers ane.

= Small Volume HRGP with
S Catlst Gonirie

Rubel Surface

Fig. 5.4b. Zomed in side iew showingrodeled HR® geometriesri the
Vickers zone.
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¢). Side View of Frac Study Wells with Mbdele_d Frac Geometries _and"thor Faults
Vickers Formation
Inglewood Field, CA

Small Volume HRGP with
Smaller Geometries

Rubel Surface

Sentous Thrust

Fig. 5.4c. Side ew showing radeled HRGRyeometries irthe Vickers zae and

structure (faults).

-d). Side View of Frac Study Wells with Modeled Frac Geometries and Major Faults
Vickers Formation

Inglewood Field, CA

Water Wells and
Water Bearing
Bodies (in Blue)

Small Volume
HRGP with
Smaller
Geometries

‘Newport-Inglewood Fault

Rubel Surface

Fig. 5.4d. Side wwing showirgy modeledHBP geometriesn
theVickers zonand major falits.
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). Side View of Frac Study Wells with Modeled Frac Geometries and Major Faults
! Vickers Formation
Inglewood Field, CA

Fig. 5.4e. Side eiv showing rodeled HRGRyeometries irthe Vickers zee and

mgor faults.
f). Side View of Frac Study Wells with Modeled Frac Geometries and
- Major Faults
Vickers Formation

Inglewood Field, CA

Newport-Inglewood Fault

-

i
Fig. 5.4f. Side v showing rodeled HRGRyjeometries inte
Vickers zone antdhajor faults.
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Hydraulic Fracturing Analysis
Results

Hydraulic fracturing treatments were performed in the other zenes
Sentous, Nodular and Moynier. The analysis of the hydr&alituring
stimulation treatments in the Sentous, Nodular and Moyniegszs
discussed below.

The reservoir zones are discussed in the order of thdogieage, from
oldest to youngest. A brief summary of each formation @rves zone is
provided before the hydraulic fracturing analysis.

The created fracture geometries (as predicted by the GOHFER medel)
imported into the earth model to provide visualization anetteb
understanding of the fractures in relation to the formatmusthe
discontinuous groundwater bodies near the surface.

Sentous Formation

The Sentous zone is the oldest producing zone in the lagik®il Field
and also along the Newport-Inglewood fault trend. The Ssrtone is a
member of the Puente Formation (Fig. 5.5). Since the ea®ys]1 ¢he
exploration and development focus in the Inglewood oil field been on
the Lower Pliocene and Upper and Middle Miocene, particuladySentous
unit.

Sentous sands were deposited in approximately 1,000 &r deypth, during
the opening of the rifted basins of the Southern Califarordinental
borderland. Interbedded shales contain a microfauna of theahustige,
now considered early Middle Miocene—about 14 to 15 mah&sl
accumulated in the Sentous sands down the northwest plutige of
Inglewood anticline. However, the sands become impermeable higluer
the anticlinal crest due to filling of the pore spaces withiteabement
which is believed to have been introduced by volcanic inessidiabase,
basalt, andesite) which are localized in the vicinity of theeshugbd fault
This loss of permeability has created a stratigraphic traghi®reservoir
(Wright, 1987).
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Stratigraphic Column S howing Sen tous Form ations

The Sentous liebelow the Mbynier, Bradm, and Nodudr Shale formations
in the Inglewod StratigraphyFig. 5.5 shas the Sentaaiformation h the
stratigraphic colmn of the Iglewood field

EPOCH FORMATION RESERVOIR LITHOLOGY THICKNESS DESCRIPTION

SAN PEDRO 0 - 200 et Tt
PLCEEliTEo‘ INGLEWOOD . 150" - 300" presoquarprs
Upper g { 150'-300" | WIS
. | Investment | 200" - 600" | sorarumcn st race
UPPER | O :
PLIOCENE | F
Lower | vickers 500 - 1700, sarasss,,
Upper
i 900' - 1000 | ™
U Rubel 250'- 300" | st smare
O |mae T
LOWER | @ L Rubel 600" - 700" | mmissamimcs
PLIOCENE | &
e U Moynier 300" - 400" | sorwwcn v w wosie
600" - 700" | re s s
UPPER | w 700" - 1800" | arimme: s s s =
MIOCENE E wxo 3 00
2 =
a ; . w
= Tt sand et situtone v
(E—— LT el
Sentous s 200'-1000" | ST RTINL
MIDDLE | .
MIOCENE | O I i Lok
g Topangs 1500 | e
-
Fig. 5.5. Stratigaphic columrfor the Inglevood Oil Field $iowing the vaious
reservoir zones llockman, 208).
Well Selec tion List and Crit erion for Analysis
Two wells, TVIC-1033 and WC2-1133, wee selected foSentous zam
aralysis. The Setous formatbn is locatedelow all thefaults. Whilefault
location was noa factor in tle selection othese wells,he availabilityand
aacuracy of datan the Sentos zone played key role irthe well seletion
process.
HALLIBURTON
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Summary of History Match Analysis

Three independent hydraulic fracturing stimulation treatnfenthe two
wells were history matched using the GOHFER fracture model fihal
parameters values used to obtain the history matches for aatiirdrstage
of each well and the fracture geometries obtained for tferelift fracture
stages using the calibrated model after history matchingavelpd in the
Appendices.

Note: Please refer to AppendD titled “Fracturing Analysis Results for
Wells in Sentous Formaiin” for detailed results and analysis of the history
matching

Frac Analysis Results

Figures 5.6a-e present different visualizations of the fragaometries
predicted from the hydraulic fracturing treatments by the el
GOHFER model. The figures include the relevant formatiofases,
ground surface, geologic structure including major faults,dismbntinuous
groundwater bodies near the surface.

al. 5ide View afFrac Study Wells with I odeled Frac Geometries
Sentous Formation

Inglewrand Field CA

FracGeometries for 1ells.
WVIZ-21135 and TWVIC 1023

Fig. 5.6a. Side view of the Sentous zone modedetlife geometries.
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bl Zoomed in Side View of Frac Study Wells writh M od
o &

‘Sentous Thrust Fault

Sentous Surface

Fig. 5.6b. Zoomed in side view of Sentous zone lewdiacture geometries

with structural features (faults).

o). 5ide View of Frac Study Wells with M odeled Frac Geometries and
. Structure
SentousF ormation.

Ingleveood Field, CA

Gronind St

Maw port-Inglewoad Fault

Se ntm.i‘é‘ﬂt:rus_‘_t-.'F\aLuh.

o Semtous Suriace

Fig. 5.6c¢. Side view showing modeled fracture geoessfor study well in the

Sentous zone together with structual featurestfaul
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4. Side Wiew of Frac Study Wells with Modeled Frac Geometries and Inglewood Fault

Sentous Surtace

Mewrprrtdnglavwond Falt.

Fig. 5.6d. Side view showing the study wells witldehed fracture geometries
in the Sentous zone and the Newport-Inglewood. fault

sometries and Strudture

Fig. 5.6e. Detailed side view of the modeled frextgeometries in the report
wells in the Sentous zone and structure.
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5.4.2. Nodular Shale Zone

Introduction

The late Middle Miocene Nodular Shale zone (13 to 14 Ma)iegdvliddle
Miocene sands and volcanics in the Inglewood Oil Field. @ig). The
name is derived from the presence of large phosphatic nodihlesNodular
Shale is a well-compacted organic-rich shale. This rockameitequivalents,
e.g., the “black shale member” of the 237 zone in the Willamgeld,
provide the source rock for much of the oil in the Los élag Basin
(Wright, 1987). The Nodular Shale also underlies severéktis in the
western portion of the Los Angeles Basin, e.g., Playa BgldrRd El
Segundo. This rock unit was deposited on deeply submefipboie ridges
and slopes through the slow accumulation of biologicalisletituted by
clay particles carried in suspension by circulating ocean currents.

Younger Miocene and Pliocene sediments also contain signitiogauic

material though diluted by mud and silts. These potergiaice rocks are
interbedded with the main producing zones of the Inglevield. In the

deep synclinal areas east and north of Inglewood, the yoshgles were
buried deeply enough to generate hydrocarbons, which tlggated into

and up the extensive beds of reservoir sands to accumulagesattitiinal
crest.

HALLIBURTON
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Stratigrap hic Colu mn show ing Nod ular

SENTOUS

Fig. 5.7. Stratigaphic columrfor the Inglevood oil field stowing the vardus
reservoir zones ad highlighting the Nodularzone (Lockma, 2005).

Well Selec tion List and Crit erion for Analysis

Two wells in theNodula shak zone, VIC1330 and VIQ-635 were
sekcted for thehydraulic fraduring analyss and frac stdy. The hydralic
fracture stimulaiton treatmergin these twavells were onducted

Formation s
EPOCH FORMATION RESERVOIR LITHOLOGY THICKNESS DESCRIPTION
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specifically for the purpose ofthis report.
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Summary of History Match Analysis

Each well had only a single stage hydraulic fracturing treatowmnpletion.
The data from these independent completions were history matsimed u
the GOHFER frac model. The Appendices list the final pararmatees
used to obtain the history matches and the fracture geesasing the
calibrated model.

Note: Please refer to Append® titled “Fracturing Analysis Results for
Wells in Nodular Zonefor detailed results and analysis of history
matching

Frac Analysis Results

Figures 5.8a-e present different visualizations of the fraggaometries
predicted by the calibrated GOHFER model based on data feom th
hydraulic fracturing treatments. The figures also showelevant formation
surfaces, ground surface, geologic structure including majtis fand
discontinuous groundwater bodies near the surface.

a). Side View of Frac Study Wells with Modeled Frac Geometries and Inglewood Fault
Nodular Fonnation
Inglewood Field, CA

Sentous Surface

Mewport-dnglewood F,'gu]_t'

Fig. 5.8a. Side view of the Nodular shale zone reddigacture geometries and
the Newport-Inglewood fault.
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by Zoomed i Side VieW

e wrpertIngle wood Fault

Fig. 5.8b. Zoomed in view of the Nodular shale zooneeled fracture
geoemetries and structure (faults).

¢}, Zoomed in $ide View of Fra

ety Vel etk Molieied Foat Grometies
Formation

Il'gaﬁ

| Tl VICT-250

Fig. 5.8c. Zoomed in and Detailed side view ofleelular shale zone modeled
fracture geometries.
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d}. Zoomed in Side View of Well VIC1-835 with Modeled Frac Geometry
Modular Formation
Inglewond Field, T4

Tlirroceizmic Events

Well VIC1-635

Fig. 5.8d. Zoomed in side view of Well VIC1-635vhg modeled fracture
geometry in the Nodular shale zone.

&). Foomed in Side Vie %&"q £ Well VIC 1-830 with Modeled Frac Geometry
Iodular Forination
Inglewood Field, CA&

‘Mlinvoseismic Ewents
’_’.___,.r"‘-

VeIl VIC 1530

Fig. 5.8e. Zoomed in side view of Well VIC1-33®wibdeled fracture
geometry in the Nodular shale zone.
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5.4.3.

Moynier Formation
Introduction

In the Inglewood oil field the Moynier zone lies above Bnadna, Nodular
Shale and Sentous zones (Fig. 5.9). The basal Pliocensiévieands (5
Ma) are distal deepwater fan deposits that reflect renewed soursty acti
from uplifts to the northeast, beyond the Whittier faautigl from steeper
local gradients across the rising Santa Monica Mountaittetoorth
(Wright, 1987).

HALLIBURTON
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Stratigraphic Column Showing Moynier Formation

The Moynier lies above the Bradna, Nodular Shale and Sertouatfons
in the Inglewood Stratigraphy. Fig 5.9 shows the Melformation in the
stratigraphic column of the Inglewood Field.

EFOCH FORMATION RESERVOIR LITHOLOGY THICKNESS DESCRIPTION
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Fig. 5.9. Inglewood oil field stratigraphic colunfbockman, 2005) and a well
log showing the position of the Moynier zone.
Well Selection List and Criterion for Analysis
Only one well, VIC2-1133, was selected for analysis efiftoynier zone
due to the paucity of available and accurate data.
Summary of History Match Analysis
Three independent hydraulic fracturing stimulation treatmenthéo
selected well in the Moynier formation were history matohsidg the
GOHFER frac model. The final values of the different pararaetsed to
obtain the history matches and the frac geometries obtainddferent
stages using the calibrated model after history matchingavelpd in the
Appendices for each stage of each well.
Note: Please refer to AppendB titled “Fracturing Analysis Results for
Well in Moynier Zoné for detailed results and analysis of history matching
HALLIBURTON
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Frac Analysis Results

Figures 5.10a-d present different visualizations of theuradeometries
predicted from the hydraulic fracturing treatments by the el
GOHFER model. The figures include the relevant formatiofases,
ground surface, geologic structure including major faults,diswbntinuous,
groundwater bodies near the surface.

a). Bide Viewr of Frac Study Wells with Modeled Frac Geometries and Inglewnod
Fault
BieyaieE srems

Tewport-Inglewood Fault

Eradna Surface

Sertons Surfare

Fig. 5.10a. Side view showing the modeled frache@metries in the Moynier
zone and the Newport-Inglewood fault.
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th Modeled Frac Geometries.

‘Bradna Surface

 —
Stage ¥ Frac
oy 2R

Fig. 5.10b. Detailed side view of modeled fractye@metries in the Moynier
zone.

Bradna Suriac: 4

i éen"mu's:'Surﬁca-

Fig. 5.10c. Detailed side view of modeled fractge@metries in the Moynier
zone with structure (faults).

HALLIBURTON
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Tewport-Ingle wood Fault

Sentous Thrast

Bradna Surfare

Fig. 5.10d. Detailed side view of modeled fractye@metries in the Moynier
zone with structure.
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Micros eismic Monitoring
What is Micros eismic Monit oring?

Microseismic monitoring is the practice opassive listemig to microsésmic
acivity causeddy hydraulic facturing, resevoir subsidece, and wate
steam, or CQ injection or segestration. Pssive microsismic activityis
recorded over tne to producémages of niroseismic eents and soece
mechanisms (Fg§ 6.1).

Fig. 6.1. Plot ofiricroseismic gents recordd during a fradure treatmentThe
colors indicate diferent treatnent stages.

Since its develpment in the 970s and its@mmercializtion around 200,
microseismic ronitoring hagproved an ingluable tool or understandig
ard optimizingunderground jocesses. Mroseismic thery is rootedn
eathquake seivology and, lus, the basitheoretical uderpinnings ee
well understoodMicroseisme monitoringhas become well-establified
ard accepted tdmology formonitoring, asessing and timizing hydaulic
fractures (Warpiski, 2009).

Since 2000, thosands of frature treatmersthave beemonitored acoss the
United States ifiormations raging from tight sandstoreand gas shes to
cabonates andolcanic rocks Monitoringhas occurre@t depths ranigng
from several hadred feet tanore than 1300 ft.

Why Micro seismic Monitori ng?

The most commn and notald use of micoseismic mortoring has ben
hydraulic fractue mapping. ldwever, it isalso used foreservoir
monitoring of trermal processs, drill-cutthgs injectiongeothermal bt-dry-
rock stimulatiors, reservoir swveillance, ad many otheprocesses inil

ard gas and miimg industries.

Microseismic ronitoring mays the locatios of inducedmicroseismicevents
as®ciated withhydraulic fraduring stimuktion treatmets (Fig. 6.2).1is
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usd to determie the verticahnd lateral etent the fraatres resultingrom
those treatmentsThe geometr of the evehlocations isused to infer
fracture orientathn.

Microseismic ronitoring hel assure thdtactures rerin in the inteded
zone and that thentire zoned stimulated.This capabiliy can help ofimize
production andminimize thenumber of wéls and fractues required to
efficiently prodice the formdbn. Resultsfom microseimic fracture
magpping can baised to "calilbate" fracturegrowth modés.

Fig. 6.2. Microsesmic eventsiiported in thestructure modl being analyed to
identify the extehof hydraulicfracturing treament.

Specifically, microseismic mitoring provudes the follaving important
information

e Fracture haht and lengt;

e Fracture aznuth and asynmetry;

e Fracture grath vs. time;

e Understandig staging dfectiveness;

e Stimulatedvolume;

o Complexityand networlgrowth;

e Natural fratures;

e Fault interations; and,

¢ Reservoir Bhavior as aesult of hydrallic fracture teatment.

This informatia, in turn, is @ed to answequestions reted to
e Horizontalwell directionand length;

e Zone covesge;

o Out-of-zonggrowthfisk of growth intowater;

e Staging streegies;

¢ Well placenent and spang;

e Optimal canpletion and facture desig.
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Microseismic napping data an be integragd with prodwetion modelirg,
staging strategie and well inerference datd#o improve ompletion
processes, wellpacing and @cement stragjies and cabe used to dpmize
thefracture degin and field évelopment.

How is Mi croseism ic Monit oring Do ne?

A hydraulic fradure inducesmincrease itthe formatiorstress propaional
to the net fractung pressures well as anricrease in p@ pressure ceto
fracturing fluid leakoff. As a esult of thesggeomechani changes, mall
slippages are muced in natwal fractures, ledding planesfaults, and ther
weak features irthe reservoirThese slippges are callethicroseismsand
they help track e fracture lgation and ay interactionwith existing ratural
fractures and dter geologic éatures. Mortioring and lgating of thee
microseismic eents is achieed using a devnhole arrayof passive samic
reeivers or gephones that aadetect lowenergy chanes resulting fom
changes in stresor pressureriduced by thdracturing teatment. Thes
geophones areocated at or r&r the resemir level and @ployed by a
wireline in oneor mare nearly observatiorwells (Fig 63). The arraydetects
the seismic engy generatedby the microgisms by usef three-compnent
geophones or awlerometersThe algoritims are then mcessed to late
the“event” usirg an assortm@ of informafon obtainedrom compresonal
(P-wave) and séar (S-waveprrivals deteatd by the aay.

Geophones in ranitor wells dentify and nap the preciséocation of hese
events. The disince betweeithe well recering the hydaulic fracture
stimulation treamnent and theffset monitaing wells rage anywherdrom
500 to 3,500 feedepending o formation ype and treatent rate and
volume. The evats are transitted to the fac van and/ocustomer loation
for real time vieving and anajsis so that th decisionsan then be mde as
to whether modications in tle
process are redred or if the
operation shoull be shut dow if
problems are erountered.

Once the microdsms are loated,
theactual fractee is interpregd
within the envalpe of microgisms [

mapped. 0 e

Micosriums are detected
with mu Bpde récerve s
deployed onawireline

BtvEy i obve of mrve offet
wallbores

Fig 6.3. Typical &yout of Treatrent and Obarvation Wellsused in a
microseismic moitoring

81
CONFIDENTIAL
© 2011 Halliburton All Rights Reserved
Inglewood Oil Field Hydraulic Fracturing Report July 13.docm



Plains E xploration & Productio n Company
Inglewo od QOil Field Hydraulic F racturing R eport

HALLIBURTON

Treatment Well Observation Well

Recorded Events

Depends on Selsmic Attenuation
Signal Strength, Noise

Typically 12-3CLevel @108

Observation Distance |
!

i

¥

Digital sejsnic.Artay E

i

i

Peddorated
Interval =

Fig 6.4. Typical dyout used irma microseisng monitoring est.

The acoustic-reeiver array inthe monitorwell is positiced near theabth
of the fracture #atment.

Geophones in ranitor wells dentify and nap the preciséocations of hese
events. The disince betweeithe treated @l and the offet monitorirg
(observation) véll can rangerfom 500 to F00 ft., depeding on fornation
type and treatms rate and wlume. The eents are transitted to the
fracture van anbtbr customerdcation for vewing and aalysis in real time
to allow decisias to be madas to whethemodificatiorsin the proces are
required, or if ppblems are countered, \Wether the ogration shouldbe
shut down.

Once the microgsms are loated, the actudracture is nterpreted witin
theenvelope othe mapped msroseisms.

Because acoustienergy decgs with distace there is anaximum
monitoring distance that can & used in anyest with respct to both
horizontal and ertical positianing. When aest is propdy designed rad
ambient noise iselatively lonv, microseisrs can be detded several
thousand feet fsim the monitoing array. Bcause the nsroseisms are
located relative} close to thdvydraulic fradures (stressffects decay
rapidly), this tedtnology carbe used to muaitor fracturegeometry and
growth behavior

What are Microseis ms and how big are they ?

There are two sales used taneasure the tensity and d&cts of seisitc
erergy the magitude scale fdgarithmic) aad the Modified Mercalli
Intensity scaleMagnitude rdfects the engy released aring any seisnic
motion and int@sity is a measre of the efécts of this eergy release o
people, human suctures, andhe natural svironment JSGS website
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Microseisms are very low-energy events, typically rangingagmitude
from -4 to +2. Microseisms generated by hydraulic fractustimulation
treatments are generally < -2 (magnitude uses a logarithmic deale).
comparison, a magnitude of 3 is generally the minimumisHatt at the
surface. These events are caused by (1) changes in stresessungr
resulting from fluid leakoff during the treatment, andrf®@vement (shear
slippage) along existing fracture planes in the rock.

Note: The different magnitudes and their intensities obseavedliscussed
on the USGS site.

Because these events are so small (low energy) monitoring ciesmpan
generally use downhole monitoring arrays rather than suafaags to
record them. The detection and locations of these microseismsdiepot
only on the pumping rate and volume of the hydraulic fracstimulation
treatment, but also on the formation properties—the hardeotkethe
farther the signal will travel.

For perspective, any movement that can be felt at the surfddeve a
magnitude of roughly +3, which translates into a moro&stX 10" ft-Ibf

and energy of 1.5 X £at-Ibf. A typical large microseism, with a magnitude
of -2, has a moment of ~1.0 X °Ifé-Ibf and an energy of ~50 ft-Ibf,
equivalent to the total work in lifting a 10-lbm weightt5off the ground. It

is also important to note that, because of the 2/3 factbeimagnitude
equation, the energy increases a factor of 32 for every increase o
magnitude unit (Warpinski et al. 2012, SPE 151597).

Hydraulic Fracturing and Induced Seismicity

Recently, concerns have been expressed regarding potential hazards
associated with induced seismicity generated during mukidtagturing of
horizontal wells in gas shales and tight sandstone resrvoi

Figure 6.5 shows the moment magnitude of microseismic eresusled
during hydraulic fracturing treatments in different gas stedervoirs. The
figure shows that most of the microseismic events relathgdiaulic
fracturing are less than magnitude -0.5.

HALLIBURTON
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Depth ()
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Fig. 6.5 Summayrof the magnitde of microsismic eventsn different gasshale
basins (data in tlis figure takerfrom SPE 15597).

Energy and Volume: Microseismsyvs. Fracture

A review of thaussands of mimseismicallymonitored fraturing treatments
shows that indged seismicityassociated ith hydraulicfracturing is ery
smell and not goroblem unde any normaktircumstanceg¢Warpinski & al.,
2012).

2 ~>50) ~25KJ 0.000084m’ 0.0335m*

-1 ~1,600) ~800K)J 0.042m* 1.33m*

Table 6.1. Comprison of the sismic energyeleased andack volume décted
different magnitde events gamated by a hgraulic fracture treatment
(Warpinski).

The event morent magnitudeecorded inlie microseisiic monitorirg of
VICI-635 well mnged from -38 to -2.2 Mv, with an aveage of -3.4 fothe

VIC1-735 arrayand ranged fom -4.0 to -24 with an aveage of -3.4dr the
VIC-925 array.

The event morent magnituderecorded inlie microseisiic monitorirg of
VICI-330 well mnged from -3 to -1.3

These events rexded inboth the wells in he Nodular pne were exemely
smeller than themoment magitude of +3which can bdelt on surface
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Note: Please refer to Attachment 6A titled “SPE 151597 — Messents of
Hydraulic Fractured Induced Seismicity in Gas Shales” bypiviski et al.
2012 for additional information. Results are presentgdsix major shale
basins in North America.
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HALLIBURTON

Microse ismic Fractur e Mapping
Analysi s and Results

Microseismic mnitoring wasconducted irboth study wells completel in
theNodular Shie zone, VIC1330 and VIQ-635, in thdnglewood Gl
Field. For wellVIC1-330 migoseismic maitoring servces were proved
by Schlumberge and for wel VIC1-635 these servicewere providedy
Pinnacle (a Halburton compny).

Figure 6.6 presds a detailegarth model &le view visalization shaving
thelocations ofmicroseismicevents deteed during thamainstage freture
treatment

Fig. 6.6. Zoom&in and Detaikd side view bthe microseisiic events detted
during the hydrallic treatmentsn the Sentosizone in Wedl VIC1-330 anl
VIC1-635.

Fig. 6.7 presentan earth moel visualizaton of the micoseismic evets
recrded durindhydraulic frecture treatmets in the Nodlar Shale zoain
wells VIC1-330and VIC1-6%. The distane between thtop of the ceated
fracture and themea-surfacewater bodiesd approximatty 7,700 ft. Total
number of micoseismic evets observeduating Well VICI-635 treatnent
were 939. Out bthese, onlyb events wer@bserved oubf zone abogthe
Nodular Shale.All these evats were withi 20 ft. of thetop of Noduér
Shele.
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6.2.1.

HALLIBURTON
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Fig 6.7. Earth model visualization showing the rggismic events recorded
during hydraulic fracture treatment in the Nodufhale zone in wells VIC1-
330 and VIC1-635.

Well VIC1-330 Analysis and Results

Well VIC1-330 the Nodular Shale zone was stimulated throuff2 .
casing and a single jet of perforations from 8,030 to 8f0MD).
Halliburton provided the fracturing services on this w@te stimulation
treatment was conducted, monitored and evaluated.

Well VIC1-934, located 700 ft. away, was used as the mamitovell
during this fracture treatment. The downhole receiver arragisied of
12VSI* geophones spaced 100-ft apart. Fig. 7.7 showsathighgne
locations relative to the treatment perforations. The distanoetfre center
of the geophone array to the perforations in the VIC1-B83ftd¢d well is
approximately 700 ft.
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Treatment Well

/ and Perforations
Monitor Well and

Geophones \\\

i

NSHR1 Surface

Monitoring Distance from
Center of Geophone Array
to Perforations: 700

Fig 6.8. Earth mdel visualizatbn showing th location of he treated well
perforations andgeophones ithe monitor vell. Distancesreasured fronthe
midpoint of the gophone arrayto the mid-peforation locaton of the stags
shown.

Microseismic ativity occurred throughouthe treatmenénd a total o#7
microseismic eents were loeted during tle stimulationtreatment. Fig6.9
is a detailed eaht model sideview visualiztion showingthe location®f the
microseismic eents detectediuring the minstage fractre treatment.

Microseismic Events
Zoomed-In View

Fig 7.8. DetailedZoomed in sle view visualiation of the ricroseismic egnts
recorded duringfracture treatrent in the Setous zone iWell VIC1-330

In Fig. 6.10 is anap (plan) vew of the lo@ed microseimic events, \ich
is color coded tahe time of @y as indicatd in the plot égend. Fig 6.1
shows the everstin depth viev, as viewedrom the sout. The arrow a the
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images points arth, with grea indicatinga viewpoint dove the eveist and
red indicating tfat the view isfrom below.The referencgrid has been
reduced to coveonly the volume of rock vihere microse&mic eventsvere
located.

Fig 6.10. Map véw showing tke microseismievent locatios color codedy
time.

17400

‘ N

i
.!NSHH..
o

Perforations

Fig 6.11. Depthview visualizaiton towards orth of showirg microseismic
ewvents color codd bytime.
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Conclusions

The results of the microseismic mapping (Schlumberger, 20ditate that
the geometry of the Nodular Shale zone in the Inglewob#&i€ld is
complex. Fracture extension took place in three directions anadlgded the
reservoir structure. First, length extension occurred alomgdtion strike,
which was followed later in the fracture treatment by upwaosvtir and
lateral extension paralleling formation dipoQrce: Schlumberger’'s
Microseismic Report, 20)1

Note: Please refer to Attachment 6B, 6C and Attachment 6 0ashtit
“StimMAP Evaluation Report” by Schlumberger for addit@b details on
the Microseismic Analysis for VIC1 — 330 well in the Nad@hale.
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6.2.2.

HALLIBURTON

Well VIC1-635 Analysis and Results

Pinnacle proviéd microseisnt monitoringservices forhie hydraulic
fracture stimulaion of the VIC1-635 well ® January 8, 2012 and Jarary
6", 2012. The \ell was compéted with 4.5in. 11.6-lb P110 cements
casing in the Naular Shale fomation usiig a single-stag hydraulic fecture
treatment.

The VIC1 635well was drilled to a measud depth of H00ft to targéthe
Nodular formaton. The wellwas perforateé between 8,30 to 8,450 ft. with
a sngle 3 shot-pr-foot (spf)perforating gun over a 20-finterval. Two
monitor wells were used, VIQ-735, locatd 660 ft. norheast of the trated
well, and VIC1935, located 30 ft. west ofthe treated wll. A dual
microseismic aiay across th&lodular formation was use

Fig. 6.12 is an exial (map) vew showing he locations bthe treatedvell
(VIC1-635) andhe two obseration wells ¥/IC1- 735 ad VIC1-935).
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Fig 6.12: Map véw showing tk surface locabn of the treéed well, VIC1635,
and the two morior wells, VICL-735 and MC1-935.
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The placement bthe two arrgs provided agood zonal average acrasthe
Nodular Shale ane with receiers aboverad below thedrget zone.

The second areaf quality assrance is théocation of pegoration-string
shot events withrespect to thevellbore. Fg. 6.13 showshe perforatio-
string shot aliged with the vellbore from @ove.

Fig. 6.13 showshe top and sie views of he three wellglong with the
location of the gophone arrngs in the twoobservation wlls (left) andthe
zone tops (right)

Fig 6.13. Top (rap) (left) and &le (cross seain) (right) views of the
perforation string shot and theialignment wih the wellboe.

Fig. 6.14 shows detailed eah model sideview visualiztion of the
locations of micoseismic-evet detected dring the maistage fracture
treatment.

Fig 6.14 Detailé side view vigalization shaving the micr@eismic events
recorded in WelVICI-635.

HALLIBURTON
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The objectives 6the fracturamapping serice were to:

o Determine facture pay ane coveagealong the veiical wellbore;

o Measure frature geomety (height andength) and zimuth;

o Determine lte extent of idraulic fractre treatment;

e Determine he relative dgree of indued fracture canplexity;

¢ Provide infemation thatcould be usedor future laeral well pla@ment
and infill drilling strateges for lateralells; and,

e Estimate sthulated reseroir volume (SRV) for thestage compled;

Microseis mic Even ts Monit ored

Fig. 6.15 showshe plan (mapview of themapped mianseismic evers.

Tt
“ | 1,700 «1.600 -1500¢ -1400 -1.300 -1.200 -1.100 -1 DDDWNG ~800 ~FO0 ~B00 SO0 400 ~300 200 1000
*  VIC1-635 - Mainstage - 935
19001 o VIC1-635 - Mainstage - 735
®  VIC1-635 - Mainstage - Dual Array
o :
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Lod VICL-73%
700
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830 VIC1-935
Fam0 -

* . -
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- . *
21 He .
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.
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-100 ?
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Fig. 6.15. Map éw of the micoseismic eves recorded dting the VIC1635
stege 1fracture teatment.

Fig. 6.16 showshe mappednicroseismic gents for the/IC1-635
manstage fractre treatmentn map view (éft) and crossection (righ).

P W Finnacle e M Pianacie

Fig.6.16Microsdsmic events apped for the/IC1-635 maistage fractue
treatment are sbwn in plan (nap) view (left)and in cross ection (right).
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Summary and Conclusions

The results from microseismic mapping indicated that tlgetanone was
effectively simulated and that fracture growth occurred alormgdtion dip.
Monitoring of activity was continued after the treatmentniaation, and
microseismic response was recorded for about 40 minutestpgsiown.

Overall, the relative degree of fracture complexity was considerked high
for this treatment, and it is probable that multiple sé{zarallel and
conjugate fractures were present.

Total number of microseismic events observed were 939.0fQhése, only
5 events were observed out of zone above the Nodular Shaléhegd!
events were within 20 ft. of the top of Nodular Shale.

Note: Please refer to Attachment 6E entitled “Fracturing Mappiesults
for the VIC1-635" by Pinnacle for additional details the Microseismic
Analysis for VIC1-635 well in the Nodular Shale
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7.

HALLIBURTON

Hydraulic Fracturing Fluids
Disclosure

Sand and water typically comprise more than 99.5 percehedluid
system used in hydraulic fracturing. However, to get that fo formations
thousands of feet underground requires advanced chemistgngimgering
to:

e Deter the growth and buildup of bacteria in the fluid andatbkbore;

e Ensure the sand (or proppant) is properly suspendedjremélib be
delivered into the fracture; and,

¢ Reduce the surface tension of the water in contact with the oésterv
improve production

The information given in the Frac Focus reports providedddiiburton
name the additives in the fracturing solutions, list thestituents, and
explain some of their other, more common household andtinalwses.
Halliburton typically tailors the fracturing fluids usedldifferent geologic
formation /zones; therefore, the composition varies by locati

Please see the link below for more information on Hallib'stoarporate
fluids disclosure policies.

http://www.halliburton.com/public/projects/pubsdata/ltbdic _Fracturing/f
luids disclosure.html

Frac Focus Reports

The Frac Focus reports for VIC1-330 and VIC1-635 prothéefollowing

Hydraulic Fracturing Fluid Product Component Information

e Supplier, purpose, ingredients chemical abstract service # #¢asd
maximum ingredient concentrations in additives and hydraulic
fracturing fluid (% by mass);

e List of typical fracturing fluid additives used in the Nibal formation;
and

e Composition of fracturing fluid for the Nodular formati
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7.1.

Nodular Formation

The details of the “Frac Focus Report for VIC1-330” are jgl&y in the
following tables.

Frac Focus Report for VIC1-330 in the

List of Typical Fracturing Fluid Additives at Ingle wood Nodular Formation
Typical Main
Additive Type Compound Purpose Jommon use of Main Comp ound

Prewvents or limits growth of

Biocide Propionamide . Agricultural - Antimicrobial Agent

bacteria
Breaker Sodium Persulfate Agent used to degrade viscosity Hair D)(e, Industrial Circuit Boards,
Industrial Metal Cleaner

Breaker Ammonium Persulfate |Agent used to degrade viscosity Hair Dye, Industrial Circuit Boards,
Industrial Metal Cleaner
Cocoa and Chocolate Products,

Crosslinker Borate Deweloping Viscosity Infant and Young Children Foods,
Cottage Cheese

. Herbal Supplements, Fruit Jelly,
Polysaccharide . .

Gel y Gelling agent for developing Beer and Malt Bewerages, Mustard
Naphtha hydrotreated |Viscosity Industrial Cleaning Solution, Tire
heawy Repair, Agricultural Insecticide

KCL Potassium Chloride Clay Control Agricultural - fertilizer

pH Adjusting
Agent

Acetic Acid

Adjusts pH to proper range for
fluid

Vinegar, Cleaning Products

pH Adjusting
Agent

Potassium Carbonate

Adjusts pH to proper range for
fluid

Soap, Glass Production

pH Adjusting
Agent

Sodium Hydroxide

Adjusts pH to proper range for
fluid

Laundry Detergent, Toothpaste,
Cocoa, Milk Products, Chocolate

Holds open fracture to allow oil

Hand Cleaner, Laundry Cleaner, Cat

Proppant Silica and gas to flow to well Litter
Aids in recovery of water used Ginseng, Deodorizer, Dish Soap,
Surfactant Ethanol . Cologne, Makeup (Mascara),
during frac
Mouthwash
Base fluid creates fractures and
Water Water carries proppant, also can be
present in some additives
Table. 7.1.List of typical fracturing fluid addigg at VICI-330 well in the
Inglewood Nodular formation
HALLIBURTON
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Composition of Fracturing Additive for Inglewood No

dular Formation

Common Supplier Common Component Common Purpose Component Component Gallons of Weight of Concentration Component of
Name Chemical Description listed on MSDS | Chemical Name Weight % of loading Component / Component/ Total Stage Fluid
Name Chemical gal/1000 gal stage stage
by % Vol [by % Weight[ppm
Water 168,210 | 1,401,189 | 99.4%| 81.8%| 994278
e L ﬁmma.ne 0.15 ppt
Biocide BE-3S Biocide Bacteria 30.00
2-Monobromo-3-
nitrilopropionamide 1-5%
0.0001% 0.9
2,2 Dibromo-3-
nitrilopropionamide Coil®id
0.0018% 17.5]
Liquid Gel " Adds
Concentrate LeeEBlE |(eelin Ree Viscosity GO 515)
Polyscharide or
Guar Gum Long chain made 30-60%
of sugars 2317.50] 0.135% 1353.1
Naphtha,
hydroni’;‘ed heawy SRED
0.183% 1826.5
Reduces
| Breaker | SP Breaker |Gel Breaker Viscosity 0-1.0pet
Sodium Persulfate 60-100% 40] | 0.002%] 23.4]
| Breaker | OptiFlo Il |Gel Breaker Rgducgs 1.0-2.0 ppt
\Viscosity
Ammonium
-1000
Persulfate 60-100% 150 0.009%! 87.6
Crystalline Silica Beach Sand 10-30% 0.003%| 26.3]
Reduces 1.0 gpt
Friction Reduce] FR-66 Friction Reducer pipe friction 0P 85
Hydrotreated Light
Petroleum 10-30%
Distillate 0.015% 150.7,
| Crosslinker K-38 Crosslinker In.creas.es 0.6 ppt
Viscosity
Disodium
Octoborate 60-100%
Tetrahydrate 32 0.002%| 18.7]
7 . Increases
| Crosslinker CL-28M  [Crosslinker Viscosty, 1.2 gpt 80
Borate Salts 30-60% | | 0.003%] 28.0]
Crystalline Silica Beach Sand 5% | | 0.000%] 2.3|
| Acid [ FedA  TAcid Lowers pH 0.25 gpt 8
Acetic Anhydrite 60-100% | | 0.000%] 4.7]
Acetic Acid 30-60% | | 0.000%] 2.8|
[ Buffer | BA-40L [Buffer pH Buffer 1.0 gpt 90
Potassium
-609
Carbonate 30-60% | 0‘032%| | 319,2|
| Buffer | MO-67 [Caustic pH Buffer 0.2 gpt 15
2 q Caustic soda or
-309
Sodium Hydroxide e 10-30% | 0.003%| | 26.6|
Surfactant | Losurf-300M [Surfactant Aids in fluid 1.0 gpt
recovery 175
Grain alcohol or
Ethanol Drinking alcohol 30-60%
(spirits) 0.062% 620.6
Poly(oxy-1,2-
ethanediyl), alpha-
(4-nonylphenyl)- 5-10%
omega-hydroxy-,
branched 0.010% 103.4]
Naphthalene Mothball Crystals 0-1% 0.001%| 10.3]
124 Aromatic or Cylic 0-1%
Trimethylbenzene Hydrocarbon 0.001% 10.3]
Heawy aromatic Petroluem
petroleum Distillate 10 - 30%
naphtha 0.031% 310.3]
Muriate of potash
0
| e | e Potassium Chloride % (fertilizer) |Clay control| | 585 ppt 98000| | 5.72%| 57217.6|
Holds open
PRC Sand Beach d
2 |proppant |Quartz each sand  racture 2.0-6.0 ppg 145000 8.5%| 84658.8
Holds open
100 hS Beach d
mesh sang Proppant Quartz each san fracture 0.5 ppg 6000 0.4%| 3503. 1
Holds open
Sand Beach d
an Proppant Quartz each san fracture 0.5 - 2.0 ppg 60000 3.5%| 35031.2]
Total 169,178 1,712,759

HALLIBURTON

Table. 7.2.Composition of fracturing fluid additviem VICI-330 well in the
Inglewood Nodular formation
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Hydraulic Fracturing Fluid Product Comp onent Informati on Disclosure
Fracture Date: 9/15/2011
State: Californi a|
County: Los Angele s
API Number: 0403726720
Operator Name: [P WESTERN BUSINESS UNIT)
Well Name and Number: VIC 1-330
Longitude:
Latitude:
Long/Lat Projection:
Production Type:
True Vertical Depth (TVD): 8,030
Total Water Volume (gal)*: 168,210
Hydraulic Fract uring Fluid Compositio n
) Maximum Maximum
Chemical . .
. Ingredient Ingredient
" " Abstract Service ; ;
Trade Name | Supplier Purpose Ingre dients Number Concentration |Concentration Comments
(CAS #) in Additive in HF Fluid
(% by mass)* | (% by mass)**
7% KCL Water Operator 100.00% 86.77644% [Density = 8.700
\?\/AH’\I“II')E- PREMIUM Halliburton  (Proppant Crystalline silica, quartz 14808-60-7 100.00% 3.70605%
PRC SAND Halliburton  |Proppant Crystalline silica, quartz 14808-60-7 100.00% 8.59803%
Hexamethylenetetramine 1009-7-0 2.00% 0.17196%
Phenol / formaldehyde resin 900303-35-4 5.00% 0.42990%
SSA-2 Halliburton |Sand Crystalline silica, quartz 14808-60-7 100.00% 0.35578%
FR-66 Halliburton | Friction Reducer Hydrotreated light petroleum distillate 64742-47-8 30.00% 0.01335%
LOSURF-300M™ Halliburton | Surfactant 1,2,4 Trimethylbenzene 95-63-6 1.00% 0.00079%
Ethanol 64-17-5 60.00% 0.04763%
Heaw aromatic petroleum naphtha 64742-94-5 30.00% 0.02382%
Naphthalene 91-20-3 1.00% 0.00079%
Poly(oxy-1,2-ethanediyl), alpha-(4-nonylphenyl|127087-87-0 10.00% 0.00794%
CL-28M . . . "
-60- )0/ )0/
CROSSLINKER Halliburton  |Crosslinker Crystalline silica, quartz 14808-60-7 5.00% 0.00249%
Borate salts Confidential Business | 60.00% 0.02989%
MO-67 Halliburton | Buffer Sodium hydroxide 1310-73-2 30.00% 0.00283%
ié-é’?‘l}BUFFERING Halliburton | Buffer Potassium carbonate 584-08-7 60.00% 0.03990%
FE-1A ACIDIZING . " - q N
19- 9 0
COMPOSITION Halliburton  [Misc Additive Acetic acid 64-19-7 60.00% 0.00255%
Acetic anhydride 108-24-7 100.00% 0.00425%
K-38 Halliburton | Crosslinker Disodium octaborate tetrahydrate 12008-41-2 100.00% 0.02099%
LGC-36 UC Halliburton | Gelling Agent Guar gum 9000-30-0 60.00% 0.16582%
Naphtha, hydrotreated heavy 64742-48-9 60.00% 0.16582%
BE-3S BACTERICIDE |Halliburton  |Biocide 2,2 Dibromo-3-nitrilopropionamide 10222-01-2 100.00% 0.00119%
2-Monobromo-3-nitrilopropionamide 1113-55-9 5.00% 0.00006%
OPTIFLO-III
DELAYED RELEASE |Halliburton |Breaker Ammonium persulfate 7727-54-0 100.00% 0.00889%
BREAKER
Crystalline silica, quartz 14808-60-7 30.00% 0.00267%
SP BREAKER Halliburton | Breaker Sodium persulfate 7775-27-1 100.00% 0.00237%
* Total Water Volume sources may include fresh water, produced water, and/or recycled water
** Information is based on the maximum potential for concentration and thus the total may be over 100%
All component information listed was obtained from the supplier's Material Safety Data Sheets (MSDS). As such, the Operator is not responsible for inaccurate and/or incomplete information. Any
questions regarding the content of the MSDS should be directed to the supplier who provided it. The Occupational Safety and Health Administration’s (OSHA) regulations govern the criteria for the
disclosure of this information. Please note that Federal Law protects ‘proprietary’, 'trade secret’, and ‘confidential business information’ and the criteria for how this information is reported on an MSDS is
subject to 29 CFR 1910.1200(i) and Appendix D.

HALLIBURTON

The informaton in this document is provided for general information purposes only. While Halliburton strives to provide timely, accurate and
complete information. this document may contain nadvertent typographical, technical. factual, or other errors or omissions in the mformation
provided. UNDER THESE CIRCUMSTANCES HALLIBURT ON MAKES NO GUARANTEES. WARRANTIES OR REPRESENTATIONS
EXPRESS OR IMPLIED, CONCERNING THE SECURITY, TIMELINESS, RELEVANCY, SUFFICIENCY. ACCURACY, RELIABILITY
MERCHANTABILITY, FITNESS FOR ANY PARTICULAR PURPOSE, TITLE OR OTHER PROPRIETARY RIGHTS, NON-INFRINGEMENT OR
COMPLETENESS OF ANY DATA, INFORMATION, OR SERVICES FURNISHED TO YOU IN OR THROUGH THIS DOCUMENT, OR
CONCERNING THE INFORMATION YOU PROVIDE TO US. HALLIBURTON | S PROVIDING THE INFORMATION AND OTHER CONTENT
CONTAINED HEREIN ON AN "AS IS, WHERE IS, AS AVAILABLE" BASIS, AND ALL WARRANTIES (EXPRESS OR IMPLIED) ARE
DISCLAIMED

Table. 7.3.Compsition of fracuring fluid in VICI-330 wellin the Inglewod
Nodular formatian
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List of Typical Fracturing Fluid Additives at Ingle

7.2.

Nodular Formation

The details of the “Frac Focus Report for VIC1-635” provigethe
following tables:

Frac Focus Report for VIC1-635 in the

wood Nodular Formation

Typical Main
Additive Type Compound Purpose Jommon use of Main Comp ound
_ EDTA / Copper . _ Fertilizer for. Agricultural Us_e and
Activator Chelate Agent used to degrade viscosity Farm Animal Hoof Infection
Treatment
Biocide Propionamide Prevents or I|m|t's growth of Agricultural - Antimicrobial Agent
bacteria
Breaker Sodium Persulfate | Agent used to degrade viscosity Hair Dye, Ino_lustnal Circuit Boards,
Industrial Metal Cleaner
Agent used for developin Cocoa and Chocolate Products,
Crosslinker Borate 9 . . ping Infant and Young Children Foods,
viscosity
Cottage Cheese
Clay-stabilization additive which
alkylated quaternary|helps prevent clay particles from| Laundry Detergent, Floor Cleaner,
Clay Control . L o . o .
Chloride migrating in water-sensitive Industrial Grinding Fluid
formations.
. Herbal Supplements, Fruit Jelly
Polysaccharide . . ’ ’
Gel y Gelling agent for dewveloping Beer and Malt Beverages, Mustard
Naphtha viscosity Industrial Cleaning Solution, Tire
hydrotreated heawy Repair, Agricultural Insecticide
KCL Potassium Chloride Clay Control Agricultural - fertilizer
pH Adjusting . . Adjusts pH to proper range for Laundry Detergent, Toothpaste,
Sodium Hydroxide . .
Agent Y fluid Cocoa, Milk Products, Chocolate
- Holds open fracture to allow oil | Hand Cleaner, Laundry Cleaner, Cat
Proppant Silica .
and gas to flow to well Litter
Aids in recovery of water used Ginseng, Deodorizer, Dish Soap,
Surfactant Ethanol . Cologne, Makeup (Mascara),
during frac
Mouthwash
Base fluid creates fractures and
Water Water carries proppant, also can be
present in some additives

HALLIBURTON

Table. 7.4.List of typical fracturing fluid addiég at VICI-635 well in the
Inglewood Nodular formation
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Composition of Fracturing Additive for Inglewood No

dular Formation

Common Name Bupplier Common | Component listed on Common Purpose Component Component Gallons of Weight of Concentration Component of Total
Chemical Description |MSDS Chemical Name Weight % of loading Component / Component / Stage Fluid
Name Chemical gal/1000 gal stage stage
by % Vol |by % Weight ppm
Water [ 125248] _ 1,043316] 99.3%) 2.43%] _990000)
[Eliminate
Biocide |BE—3$ Biocide Bacteria DA 6.00
2-Monobromo-3-
5
nitrilopr 5% 0.0000% 1
2,2 Dibromo-3-
" -1009
nitrilopr £0-100% 0.0005% 15]
Adds
Liquid Gel C |LGC-36 uc Gelling Agent Viscosity 4.0 - 5.0 gpt 466,
Polyscharide or
Guar Gum Long chain made 30-60%
of sugars 2097.00] 0.166% 2200
Naphtha, hydrotreated y
heavy b 0.222%| 2970
Reduces
Breaker SP Breaker Gel Breaker Viscosity
Sodium Persulfate 60-100% 2gpt 82 0.006% 200
|Buffer [mo-67 | pH Buffer 1 gpt 75]
n 0 Caustic soda or
-309
Sodium Hydroxide e 10-30% o.om%l | 300|
Losurf-300M Surfactant Aids in fluid 1.0 gpt
recovery 130)
Grain alcohol or
Ethanol Drinking alcohol 30-60%
(spirits) 0.062%| 590
Poly(oxy-1,2-
ethanediyl), alpha-
(4-nonylphenyl)-omega- 5-10%
hydroxy-,
0.010% 10
Mothball Crystals 0 - 1% 0.001%| 10|
1,2,4 Trimethylbenzene | Aromatic or Cylic 0-1%
Hydrocarbon 0.001%| 10|
Heaw aromatic Petroluem
petroleum Distillate 10 - 30%
naphtha 0.031%| 300
Friction Hydrotreated light Reduce F—
Friction Reducer FR-66 Reducer Friction __[0-30% & 60 0.03% 300
lc e Distilate _|Viscosity 30-60% ADBHER 130 0.06%)
Heaw aromatic Petroluem
petroleum Naptha Distillate 5-10% 0.01% 2200
Grain alcohol or
Methanol Drinking alcohol
(spirits) 1-5% 0.005%) 2970
Euﬂering Agent BA-40L | Potassium Baking Soda 3- 60% 1gpt 50 0.02% 603|
|
|
Table Salt Increase
IF Gl Borate salts Viscosity 3-60% 0.7gpt 10) 0.005% 600
Crystalline silica, Sand
quartz 1-5% 0.0004%| 1100,
|Acidizing C it [FE1A | [Acetic anhydride 60-100% X 5 200]
Acetic acid Vinegar 30-60% 0.0024% 600|
|
| K38 Disodium octaborate Increase 0.50pt
[ i tetrahydrate Viscosity 60 -100% 0P 5 0.00040%)| 0.00000%| 600
Potassium Muriate of potash
|KCL |KCL |Ch\0r\de |3% (fertilizer) |Clay conlrol|60 -100% | 250 ppt | 31312| 0.024739| 2.47%| 24500|
) ) Crystalline silica, Holds open
Sl 2D e i) Quartz quartz S fracture 36800 2.907%) 2.9%)| 29074.53
Crystalline silica, Holds open
Sl GRE 1D Proppant Quartz quartz S fracture 147100 11.622% 11.6%| 116219.1]
Crystalline silica, Holds open
Sand) common 100 mesh | o ppant Quartz quartz S fracture 5000]  0.395% 0.4%)| 3950.343
Total 126,179 1,265,713

HALLIBURTON

Table. 7.5.Composition of fracturing fluid additviem VICI-635 well in the

Inglewood Nodular formation
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Hydraulic Fracturing Fluid Product Component Inform

Fracture Date: 1/5/2012]

State: California

County: Los Angeles

API Number: 0403726421

Operator Name: |P WESTERN BUSINESS UNIT|

Well Name and Number: Vicl 635

Longitude:

Latitude:

Long/Lat Projection:

Production Type:

True Vertical Depth (TVD):

Gas|
|

8,4

Total Water Volume (gal)*:

125,248|

Hydraulic Fracturing Fluid Composition

ation Disclosure

. Maximum Maximum
Chemical . .
. Ingredient Ingredient
. . Abstract Service ) .
Trade Name | Supplier Purpose Ingredients Numb Concentration [Concentration Comments
cl:J/Ts Zr in Additive in HF Fluid
( ) (% by mass)** | (% by mass)**
\?VAI\-:\I"II'DE SOMUCH Halliburton  |Proppant Crystalline silica, quartz 14808-60-7 100.00% 1.42615%
\?\/Al-lr\lj'll'jE- PREMIUM Halliburton  |Proppant Crystalline silica, quartz 14808-60-7 100.00% 24.30405%
CRC SAND Halliburton  |Proppant Crystalline silica, quartz 14808-60-7 100.00% 69.98805%
Hexamethylenetetramine 1009-7-0 2.00% 1.39976%
Phenol / formaldehyde resin 900303-35-4 5.00% 3.49940%
LOSURF-300M™ [Halliburton |Surfactant 1,2,4 Trimethylbenzene 95-63-6 1.00% 0.00473%
Ethanol 64-17-5 60.00% 0.28366%
Heawy aromatic petroleum naphtha 64742-94-5 30.00% 0.14183%
Naphthalene 91-20-3 1.00% 0.00473%
Poly(oxy-1,2-ethanediy), alpha-(4- 127087-87-0 10.00% 0.04728%
nonylphenyl)-omega-hydroxy-,branched
K-38 Halliburton  [Crosslinker Disodium octaborate tetrahydrate 12008-41-2 100.00% 0.26926%
FR-66 Halliburton  [Friction Reducer Hydrotreated light petroleum distillate 64742-47-8 30.00% 0.07556%
SandWedge® NT [Halliburton |Conductivity Enhancer Dipropylene glycol monomethy! ether 34590-94-8 60.00% 0.29738%
Heawy aromatic petroleum naphtha 64742-94-5 10.00% 0.04956%
BA-40L
BUFFERING Halliburton  |Buffer Potassium carbonate 584-08-7 60.00% 0.17770%
AGENT
CL-28M Halliburton | Crosslinker Crystalline silica, quartz 14808-60-7 5.00% 0.00250%
CROSSLINKER !
Borate salts Confidential Business g, g, 0.02995%
Information
FE-1A ACIDIZING . . . . .
COMPOSITION Halliburton  |Misc Additive Acetic acid 64-19-7 60.00% 0.01278%
Acetic anhydride 108-24-7 100.00% 0.02130%
LGC-36 UC Halliburton  [Gelling Agent Guar gum 9000-30-0 60.00% 1.20290%
Naphtha, hydrotreated heavy 64742-48-9 60.00% 1.20290%
MO-67 Halliburton  [Buffer Sodium hydroxide 1310-73-2 30.00% 0.11359%
BE-3S f — . . y .
BACTERICIDE Halliburton  |Biocide 2,2 Dibromo-3-nitrilopropionamide 10222-01-2 100.00% 0.00285%
2-Monobromo-3-nitrilopropionamide 1113-55-9 5.00% 0.00014%
K-38 Halliburton  [Crosslinker Disodium octaborate tetrahydrate 12008-41-2 100.00% 0.01902%
SP BREAKER Halliburton  [Breaker Sodium persulfate 7775-27-1 100.00% 0.01949%

* Total Water Volume sources may include fresh water, produced water, and/or recycled water
** Information is based on the maximum potential for concentration and thus the total may be over 100%

All component information listed was obtained from the supplier's Material Safety Data Sheets (MSDS). As such, the Operator is not responsible for inaccurate and/or incomplete information. Any
questions regarding the content of the MSDS should be directed to the supplier who provided it. The Occupational Safety and Health Administration's (OSHA) regulations govern the criteria for the
disclosure of this information. Please note that Federal Law protects ‘proprietary’, ‘trade secret’, and ‘confidential business information’ and the criteria for how this information is reported on an MSDS
is subject to 29 CFR 1910.1200(i) and Appendix D.

HALLIBURTON

The information in this document is provided for general information purposes only. While Halliburton strives to provide timely, accurate and
complete information, this document may contain inadvertent typographical, technical, factual, or other errors or omissions in the information
provided. UNDER THESE CIRCUMSTANCES HALLIBURTON MAKES NO GUARANTEES, WARRANTIES OR REPRESENTATIONS,
EXPRESS OR IMPLIED, CONCERNING THE SECURITY, TIMELINESS, RELEVANCY, SUFFICIENCY, ACCURACY, RELIABILITY,
MERCHANTABILITY, FITNESS FOR ANY PARTICULAR PURPOSE, TITLE OR OTHER PROPRIETARY RIGHTS, NON-INFRINGEMENT OR
COMPLETENESS OF ANY DATA, INFORMATION, OR SERVICES FURNISHED TO YOU IN OR THROUGH THIS DOCUMENT, OR
CONCERNING THE INFORMATION YOU PROVIDE TO US. HALLIBURTON IS PROVIDING THE INFORMATION AND OTHER CONTENT
CONTAINED HEREIN ON AN "AS IS, WHERE IS, AS AVAILABLE" BASIS, AND ALL WARRANTIES (EXPRESS OR IMPLIED) ARE

DISCLAIMED.
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Table. 7.6.Composition of fracturing fluid in VIG85 well in the Inglewood
Nodular formation
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8.

HALLIBURTON

Fracture Height Growth and
Containment of Hydraulic
Fractures

A significant amount of discussion has taken place abeweértical growth
of hydraulic fractures, particularly in gas shales, tightisaand shallow
reservoirs in regards to whether these hydraulic fracturesreate
pathways for the fracturing fluids or hydrocarbons toratigyupward and
contaminate groundwater supplies.

The vertical extent that a created fracture can propagate is conbylibd
upper confining zone or formation, and the volume, ratepaggsure of the
fluid that is pumped. The confining zone will limit thertical growth of a
fracture because it either possesses sufficient strength or glastiobntain
the pressure of the injected fluids or an insufficient r@wof fluid has been
pumped. This is important to note because the greater thaaishetween
the fractured formation and the groundwater or water-beaongsz the
more likely it is that multiple formations will possdhg qualities necessary
to impede the growth of hydraulic fractures.

Fracture lengths can sometimes exceed 1,000 ft. when contathedav
relatively homogenous layer, but due to the layered geologieabament
and other physical parameters fracture lengths are typically matles,
and are usually measured in tens or hundreds of feet (Fish@vapihski,
2011).

Micrseismic monitoring can detect the small slippages mraseisms
induced in natural fractures, bedding planes, faults, dred vieak features
in the reservoir and they help track the fracture location apthégraction
with existing natural fractures and other geologic features.

Note: Please refer to Section 6, titled, “Microseismic Monitgyinfor
additional details

Fracture Height in Inglewood Field

Fig. 8.1 shows the HRGP geometries (including the hefghgll the
different stages of the wells analyzed in the Vickers and Rinoiges. The
discontinuous groundwater bodies (perched zones) in gftennod Oil
Field are also shown.

The model calculated vertical distances between the top of thedreat
HRGPs in the study wells and the discontinuous groateivodies
(perched zones) near the surface are also indicated in Fighe Shortest
vertical distance was 1,070 ft. and the distances in the sty wells
ranged from 1,728 to 1,758 ft. It is clear from the madslilts shown in
Fig. 8.1 that in the study wells in the Vickers and Rinzgees, the created
HRGPs did not come close to the discontinuous groundivatkes
(perched zones) on the surface.
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HALLIBURTON

The Vickers and Rindge zones are the shallowest resenarsther zones
in the Inglewood Oil Field are much deeper. Consequen#ydigtances
between the modeled fractures created in the other zoneseand th
discontinuous groundwater bodies are even greater, for egt, 200 ft in
the case of Nodular shale zone. As stated earlier, the physipatiies of
the multiple layered formations in the Inglewood Oil Fietshfined the
height growth of the the high-rate gravel packs in the &fi€lRindge and
the fractures in the other zones.

al Side View of Frae StudyWells with Modeled Frar Geometries
Wickers F'-:n;'ma,tion
Inglewoad Field A
WWater Bear
Bodtes (in Bos)
Small Volume Cravel Packs
with Smaller FraciGeometies
* N —

Fig. 8.1. Side view visualization showing the med¢iRGP geometries in the
Vickers zone.

Fracture Growth in other Shale Reservoirs in
North America

A recent study that analyzed actual fracture growth data mapped d
thousands of fracturing treatments in gas shales anestiglot reservoirs
found similar results (Fisher and Warpinski, 2011). Taiper includes an
in-depth discussion of fracture-growth limiting mechanismgmented by
other studies that examined hydraulic fracture growth.

Figures 8.2a-c present data collected during thousands @lutigdr
fracturing stimulation treatments in some of the most agas-shale plays
in North America: the Barnett shale in Texas, the Woodfoatesh
Oklahoma, and the Marcellus shale in the Northeastern Unitezs $Easher
and Warpinski, 2011). More fracture treatments have been mappesl i
Barnett shale than in any other reservoir.
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Each graph plots the fracture top and bottom for all mafrpeture
treatments performed in each reservoir from early 2001 thritnegénd of
2010. All depths are true vertical depth (TVD). Perforatiepths are
indicated by the red band for each stage. The colored curvestish
mapped fracture top and bottom corresponding to the coumtidsich the
well is located. The dark blue bars at the top of each graphtsieodepth of
deepest reported drinking water bearing zones in each of theesowhere
the fractures were mapped. The depth scale in the vertical aids fram
reservoir to reservoir because of large differences in the defpthes
reservoir zones. The plots show that the largest directlyurezhspward
growth of all of these mapped fractures still places the fratipseseveral
thousand feet below the deepest known aquifer level in eabk of t
reservoirs presented (Fisher and Warpinski, 2011), retg@ny potential
of the hydraulic fracturing operation to impact the aquifgpr@gsent).

Barnett Mapped Frac Treatments/TVD

m T TN o Ccopost oo
dapth
i | Frac Top

Par! Top

Pt Madipoin
— Parl BTM

Frac BTM

p &M
- X L L
iy -A-f“ L %‘:"‘l’

AT = Cooke

¥ LAl i = Cuiberson
f b " . lEﬁ;Pn
o R i = ®Efath
\ e - Hil

Y

« Montague
* Palo P?r::a
. ;,:‘rh,m
aigp it
« Somenvell
tumm
Wiza

Frac Stages [sorted on Perf Midpoint]

Fig. 8.2a. Barnett shale measured fracture heigbtsed by depth and

compared to aquifers (Fisher and Warpinski, 2011)
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Woodford Shale (OK) Mapped Frac Treatments/TVD
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Fig. 8.2b. Woodford shale measured fracture heigbtted by depth and
compared to aquifer depths (Fisher and Warpinsid, 19.

Marcellus Mapped Frac Treatments/TVD

Deepest aguil
= depth
—Frac Top

— Perl Top
Perl Mid

— Perl BTM

—Frac BTM

uPA
Wy

Frac Stages [sorted on Perf Midpoint]

Fig. 8.2c. Marcellus shale measured fracture hesgiarted by depth and
compared to aquifer depths (Fisher and Warpinsid, 19.
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8.1.

HALLIBURTON

Factors Contributing to Fracture
Height Containment

The paper by Fisher and Warpinski (2011) discussesaeadsitional
factors and means for containing fracture height.

Fractures in common geologic environments show varying defree o
complexity (non-planar). As a result of this complexity fuaes tend to
grow shorter than they would if they were planar fractures;

The layering of sedimentary rocks creates large variations in rock
stresses. The combination of variability in rock stresk wdirying
interface properties creates an environment that hinderettieaV
growth of fractures. The large variations in stress acrassstoata act
to trap the fractures in low stress zones. These conditioos|&teral
fracture because it is the path of least resistance. Therefefadghiy
unlikely that the fractures will propagate very far vertically;

Fracture growth occurs perpendicular to the direction of leastipal
stress, i.e., in the direction of maximum stress. Irhallsedimentary
basins where measurements have been made, the vertical stress
generated by the weight of the rock overburden is the ministtess at
depths less than approximately 2,000 ft. At these relatshelow
depths, fracture growth will be primarily in the horizordmkction and
not vertically. It is possible some shallow individual réayers may
have a horizontal in-situ stress that is the minimum stvdssh would
result in vertical fracture growth within these layers. Howgetrey
majority of near-surface rock layers would have horizongadtéres that
do not propagate vertically. In addition, mixed fracture ghown both
horizontal and vertical directions would significantly limertical
growth;

In cases where a fracture might cross over a boundary betwjeeardd
rock layers where the principal stress direction changes atieife
would attempt to reorient itself perpendicular to theatiom of least
stress. Therefore, if a fracture propagated from a deepeatiallawer
formation it would reorient itself from a vertical to a izontal pathway
and grow sideways along the bedding planes of the roafasand,
Under normal circumstances, where hydraulic fracturing is coedwut
deep depths, there is no physical mechanism by which a fraeiore
propagate through the various rock layers and reach the surfase. T
fact was observed in all of the fracture mapping data in diffeas
shale plays and is expected based on the application ofrbakt
mechanics principles deduced from mineback, core, lab, and mgdeli
studies.

The actual data collected using microseismic and microdeformation or
titmeter fracture-mapping technologies on many thousandgdvaulic
fracturing jobs indicate that hydraulic-fracture heights areivelgtwell-
contained (Fisher and Warpinski, 2011).
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Note: Please refer Attachment 8A, Technical paper SPE 1488d8ed
“Hydraulic Fracture-Height Growth: Real data” for addithal details and
information

8.2. Hydraulic Fracturing and Water
Contamination

Hydraulic fracturing has been in use for over 60 years andshait and
federal regulatory agencies, including the EPA, have repeatetiiy #tat
that they are not aware of any instances of hydraulic fragtuesulting in
contamination of drinking water aquifers (IOGCC, 2009)).

¢ Note Please refer to Attachment 8B entitled “Regulatory Statesnamt
Hydraulic Fracturing” submitted by the States in June 2368
additional details.

¢ Note Please refer to Attachment 8C entitled “Data ConfirnfieBaof
Well Fracturing” an article by Kevin Fisher from Americanl @i Gas
Reporter, July 2010. The article presents a first look attual field
data based on direct measurements acquired while fractuppinma
more than 15,000 frac jobs during the past decade. Thdeagiso
addresses the concerns surrounding the possibility of ghoater
contamination.

Well operators are currently applying hydraulic fracturiegtments in

approximately 35,000 wells per year in the U.S. with ndende of

resulting groundwater contamination (Tippee, 2008).

Similar results were observed during the hydraulic fraagustimulation
treatments of the two wells in the Nodular Shale zone. Thendiss of the
created fractures from the discontinuous groundwater bodagime surface
were too significant (about 7,700 ft.) to have any effedherdiscontinuous
groundwater bodies near the surface. This is clear from th&.Bighat
shows a side view of the Inglewood Oil Field Structur@glwith the
location and depth of the microseismic events that were recorded the
hydraulic fracturing stimulation treatments in Wells VI&30 and VICI-635
in the Nodular Shale zone.
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Fig. 8.3. Side View of the Inglewood Oil Field sture with the microseismic
events recorded in the two wells completed in théukar Shale zone
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9. High-Rate Gravel Packs

In the Baldwin Hills, the majority of the wells are completsthg high-rate
garvel pack (HRGP) treatments. This process is different the hydraulic
fracturing stimulation techniques used for tight sandssbake and coal gas
recovery.

The HRGP completion technique involves two distinct infgcttages
performed in a single step.

The first stage creates a hydraulic crack and terminates its gogitiih
screenout. The second stage involves continuous injectioiglof
concentration slurry after the screenout, resulting in ioftedéind packing of
the gravel pack through the near wellbore area to the produmine (Fan
and Llave, 1996). These treatments are pumped down the tasmy
annulus and have a wire wrapped screen installed in the well.

—— 100 md reservoir

Fig. 9.1. lllustration of the high-rate gravel pack process.

The high-rate gravel pack is an established method for inngepsdduction
by creating a high-conductivity gravel pack that bypassessitiuced
permeability zone in the near-wellbore region that was createdg either
drilling, cementing, perforating or fluid loss managenpmotesses. The
HRGP creates a conduit for the flow of reservoir fluideoager pressures.

Details of the High-Rate Gravel-Pack Process

In the high-rate gravel pack process, the rate is steppedatdiva end of a
typical propped treatment. With only a few barrels of therreat left and a
high sand concentration in the annulus, the choke is opetiesl @rface.
This action drops the pressure in the tubing and diggpest of the fluid
away from the sand/water mixture. The sand slurry is delsd as it
attempts to flow through the screen and up the tubing g uita screen
packoff. After the treatment is shut down, the sand packwuding the
screen is allowed to dehydrate for a few minutes further ddifiertubing is
shut in (Moddie, Fernandez et al., 2004, SPE 90975)
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Comparison of Sand and Fluid Volumes between High R ate
Gravel Pack and Hydraulic Fracturing Treatments

In comparison with the average hydraulic fracturing stimulaieatment,
the volumes of sand and fluid used in high-rate gravel fraekments are
usually small in terms of volume, pump time and hydraubisepower
required. Table 9.2 is an actual example from the Inglewaologi€X
comparing the different parameters.

High Rate Gravel Packs Well [ Hydraulic Fracturing Well
Parameters
VRU-4243 Stage 2 VICI-635
Pump Time (mins) 27.68 141.87
Clean Volume (bbls) 418.45 2992.18
Slurry Volume (bbls) 458.89 3210.35
Average Treating Pressure (psi) 768 6914
Max. Treating Pressure (psi) 1343 8818
Proppant Mass (100*1b) 373.79 2013.48

Table 9.2. Comparison between high-rate gravel gatkhydraulic fracture
treatment

Comparison of Fracture Geometry

Table 9.3 shows that the length created by the high-rate graskl-
treatment in the Vickers and Rindge zones is significantlyttessthe
fracture length created by the hydraulic fracturing treatmestsnmed in
the Nodular Shale zone.

Well Name | Stage # | Formation | Type of Fracture | Fracture

and # Treatment |Length Tip |Height (f)
to Tip ()
. High Rate
VRU-4243 Vick el 140 110
: 2 2 ickers Graye Packs
VIC1-635 | 1 Nodular Hyd‘-a”]‘__ < 2115 84
Fractring

Table 9.3. Comparison of the geometry createdeénvickers zone by a high-
rate gravel-pack treatment with that created in Medular Shale zone by a
hydraulic fracturing treatment.
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10. Summary and Conclusions

e The Los Angeles Basin is a stratigraphic and structural lrasin
Southern California, USA and is a major oil and gas pr@vinc

0 Major northwest-trending strike—slip faults, such as the
Whittier, Newport—Inglewood, and Palos Verdes faults,
dominate the present-day basin and provide trapping
mechanisms for the oil; and

0 More than 65 fields have been discovered in the Los
Angeles Basin since oil production began in 1880.

e The Inglewood Oil Field, located in the northwestern partf Los
Angeles Basin, 10 miles southwest of downtown Los Angedes,
located along the Newport-Inglewood fault trend.

0 The field is the largest urban oil field in the United States
covering an area of over 1,000 acres;

0 Since the discovery of the Inglewood Oil Field in 1924,
about 1,829 wells have been drilled within the historical
boundaries of the field; and,

o All of the oil and natural gas produced from the Inglewood
Oil Field are consumed within California.

e The geologic structure of Inglewood Oil Field is very coewpl

e A 3D structural earth model was constructed for Inglewoadd Oi
Field to improve our knowledge of complex earth structurecamd
abilities to characterize the effect of hydraulic fracturing on near-
surface groundwater and seismic ground motion.

0 The 3D earth model helped in gaining a clear and much
better understanding and visualization of the fault né¢wor
in the Inglewood Field and how it relates to the different
formations

0 A 3D model can capture the full physics of hydraulic
fracture propagation, thus leading to a more complete
understanding of the impact of hydraulic fracturing at the
surface;

0 The 3D structural earth model was built with data from
well logs identifying faults and horizons (formation tops
and faults picks);

o The number of geologic formation tops, available from
well control, used to construct the individual horizons in
the 3D Earth Model were higher in the shallower zones of
the model such as Pico, Vickers, Vickers "H" Sand and
Rindge (~550 well tops) and lower in the deeper zones of
the model such as the Bradna, Nodular and Sentous zones
(~120 well tops). This is primarily due to the fact thnre
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are more well penetrations in the shallower zones of
Inglewood Field as compared to the deeper zones;

o Data management procedures and quality control measures
were applied to ensure consistency between the geologic
horizons and fault networks in the model;

0 Special emphasis and efforts was placed on determining
how the complex fault network within the field and the
geologic horizons was interrelated; and,

o 3D visualization techniques were extensively used and
were an important role step in validating the final inpu&dat
into the 3D model.

Eight wells were selected for analysis in this hydraulic firaagu
report of the Inglewood Oil Field. The wells analyzed hadeeith
multiple independent hydraulic fracturing stimulation treatimemn
high-rate gravel pack treatments.

Selection criteria included location within the field and wibpect
to the faults, i.e., on both sides of major faults, aredathailability
and accuracy of existing data, e.g., fracturing treatment, vgsl] lo
and reservoir properties.

Data Validation and Processing

o Triple Combo and Dipole Sonic log (where available) data
was processed to create an input file for GOHFER model,

o Core data was available only for the wells in the Nodular
zone. The processed logs were calibrated against the core
data;

o0 Minifrac Analysis was performed on the step-down tests,
wherever available, to determine critical reservoir
parameters, such as closure pressure, permeability, pressure
dependent leakoff, and process zone stress;

0 The Grid Oriented Hydraulic Fracture Extension Replicator
(GOHFER) fracture simulation software was used to
perform the pressure history match. The model was
calibrated using all available log and fracturing treatment
data and was run until an acceptable match was obtained.
Note: GOHFER is a frac simulator, however the HRGP
treatments were analyzed using GOHFER to get a
comparison and understanding of the geometries created.
Experts in the industry have used GOHFER to analyze
similar type of HRGP treatments and believe that it does a
better job than any other model that they have applied.

The modeled fracture geometries were imported into the 3D earth
model to provide visualization and a better understandirigeof
fractures in relation to the formations and discontinuous
groundwater bodies on surface.
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e Atotal of 21 high-rate gravel pack treatments were presssiary
matched in the Vickers and Rindge zones

o

For the majority of the stages, the modeled gravel pack
height created by the high-rate gravel packs in the Vickers
and Rindge zones ranged from 100 to 170 ft. The path
height in few stages ranged from 200 to 240 ft.;

Modeled height is relatively small compared to the
modeled depth;

The shortest vertical distance between the top of the
modeled gravel pack in the shallowest reservoirs, the
Vickers and Rindge zones, and the discontinuous
groundwater bodies in the study wells is 1,070 ft.;

In other study wells in the Vickers and Rindge zone, the
vertical distance ranged from 1,728 to 1,758 ft.;

The gravel packs created in the Vickers and Rindge zones
in the study wells were found to be nowhere near the
discontinuous groundwater bearing bodies near the surface;
The volume of sand and fluid typically used in the high-rate
gravel pack treatments was small in comparison to the
volume used in typical hydraulic fracturing stimulation
treatments; and,

The modeled gravel pack length created by the high-rate
gravel-pack treatments in the Vickers and Rindge zones is
significantly less than that created by the hydraulic
fracturing treatments performed in the Nodular Shale zone.

e A total of 8 hydraulic fracturing stimulation treatmentsres
pressure history matched and analyzed in the wells analyzed in thi
report in the Moynier, Sentous and Nodular zones.

o

The vertical distances from the top of the modeled fractures
in the deeper zones to the discontinuous groundwater
bodies are in the range of several thousand feet.

In the case of study wells in the Nodular Shale zone, the
actual distances from the tops of the created hydraulic
fractures, after completing the well treatments, to the
discontinuous groundwater bodies was approximately
7,700 ft.

This depth is sufficiently large for the hydraulic fraetur
treatments to have no effect on the discontinuous
groundwater bodies.

¢ Microseismic monitoring was conducted for the VIC1-330 and
VIC1-635 hydraulic fracturing treatments, completed in toeUNar
Shale zone.

0 The event moment magnitude recorded in the microseismic
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with an average of -3.4 for the VIC1-735 array and ranged
from -4.0 to -2.4 with an average of -3.4 for the VIZ59
array;

0 The event moment magnitude recorded in the microseismic
monitoring of VICI-330 well ranged from -3.2 to -1.3;

0 These events recorded in both the wells in the Nodular zone
were extremely smaller than the moment magnitude of +3
which can be felt on surface; and,

o Similar results were found in another study. An extensive
review of microseismic monitoring of fracturing treatments
conducted in the US (Warpinski et al., 2012) demonstrates
that the very small induced seismicity associated with
hydraulic fracturing is not a problem under normal
circumstances.

e Hydraulic fracturing ifNOT a “drilling process.” Hydraulic
fracturing is a well completion method that is performed dlfier
well has been drilled and the drilling rig has moved off.

o0 Sand and water typically comprise more than 99.5% of the
fluid system used in hydraulic fracturing.

o0 The fracturing fluids pass down the well inside of thelste
casing until they reach the zone to be fractured.

0 The GWPC and IOGCC host a hydraulic fracturing
chemical disclosure registry called FracFocus at
www.fracfocus.orgvhere public can find a list and
information about the additives used in hydraulic fracturin
stimulation treatments.

e Groundwater and discontinuous groundwater bodies are protected
from the fluid contents of the well during drilling apcbduction
operations by a combination of steel casing, cement sheaths, and
other mechanical isolation devices installed as a part of the well
construction process.

o Casing and cementing help isolate freshwater bearing zones
and groundwater, where present, from the contents of the
wellbore, including drilling fluids, completion fluicand
flowback, or produced oil and natural gas and also help
prevent fluids from moving between the formation layers.
Proper sealing of annular spaces with cement creates a
barrier to both vertical and horizontal fluid migration.

0 DOGGR has strict guidelines on well design and well
construction that well operators must comply with.
Adhering to DOGGR'’s well construction standards
regarding the use of casing, mud, and cement, serve to
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prevent fluid migration and the commingling of lesser
quality fluids.

¢ Regular monitoring takes place during drilling and produncti
operations to ensure that these operations proceed within
established guidelines and in accordance with the well desah, w
plan, and permit requirements.

o In California, DOGGR oversees the drilling, operation,
maintenance and plugging and abandonment of oil, natural
gas and geothermal wells (Source:
Www.conservation.ca.gov/dog/Pages/index.aspx

0 Hydraulic fracturing has been in use for over 60 years and
both state and federal regulatory agencies, including the
EPA, have repeatedly stated that that they are not aware of
any instances of hydraulic fracturing resulting in
contamination of drinking water aquifers (IOGCC, 2009).

o More than 30 state and federal regulatory agencies,
including the U.S. Department of Energy, the Interstate Oil
and Gas Compact Commission and the Ground Water
Protection Council have studied oil and natural gas imglus
operations, including hydraulic fracturing. The reports
produced by these agencies all reach the conclusion that
that hydraulic fracturing technology is safe and well
regulated.

e The layering of sedimentary rocks creates large variations in rock
stresses. The combination of variation in rock streschadges in
rock properties at the interface between different layers creates an
environment that hinders the vertical growth of fractures.

e The fracture-height growth in the Inglewood field is lirditey the
physical properties of the multiple layered formations.depr in
the Nodular shale zone, the total number of microseismic events
observed during fracturing treatment were 939. Out of tloede 5
events were observed out of zone above the Nodular Shale. All
these events were within 20 ft. of the top of Nodular &hal
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