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(RE)
m in ft
1 A—kJL(m) 1 39.37 3. 281
14 >F (in) 0. 0254 1 0. 8333
1 74— k(D) 0. 3048 12 1
(@&
m? acre ha o1
1A A—FRILm?) 1 0.0002471 0. 0001 0. 3025
1 T—#—(acre) 4047 1 0. 4047 1224
192 —)L(ha) 10000 2.471 1 3025
11F 3. 306 0. 0008169 0. 0003306 1
(BH)
m? ftd * gal bb
1A A— kL) 1 36. 31 264.2 6.29
1357 4—hk(ft¥) 0. 02832 1 7.481 0. 1781
1kA40> (gal) 0. 003785 0. 1337 1 0. 02381
1730 )L (bbl) 0.159 5.615 42 1

Tef : Trillion cubic feet (1x102, 1JKIZA T4 — k)
Bef : Billion cubic feet (1x10°, 10{BiL A4 — k)
BPD : Barrel per day(bbl/d: /SLJL/R)
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Shale and tight oil production
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DEETHA7—> 3 UABY— FEBY LTBEISh S, B EOTRTOEHINTET
T5E. KEHRTOLRZREBT SR, EEl) J(EBEHANBEI SN D, 1 DO
SIFEI SN A EHMDORATEE LMD RS & KERBEBEVICFETEA>TLS (2-3-1)
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(K232,

MHANEL LD EFREDREBIZERT A ADT—V VBT L, EAVFUT%ER

T5, 7= TOTILEBEERTHLIN., —BOARL—F2—([Fa TV 2—
1 T%ty FEIZ3IHA X, FHFAHAXDr—L V5 %ERAT 5, —fBIC. 244V F
AVEHB—iNA T%# 30~60 74—k (10~20m) DFESITtEy L, HRFTEAY
FoTHEHIMHEL, RIZT200~500 7« — k (60~150m) DFES L THRHIEZ., v —> 2T
(—fBIZ16~20 1 > F) B T. MRETEAVFUIETHS & THRMEDFHKE
%R - RET D, RIT, 700~1,200 7 1 — b (200~400m) DES E THREIZH 4L
= (—HRIT 11-3/4~13-3/8 4 U F) EET. A UF U TIT& > THITKDFHEK
BE. REBEZTOMORATANEENDIZRBHNSDO TN ABEEENRT S, COBETERY
WRAR)OTREFBEES2AVFOMELES 9 AU FDEAY MK YFKEDL SIRRES
NdZEITHDE, CORDIEAICITEERKEANDN, TKENFEEL., BKEDFR
NBEEINDIGARIE. T7EE. T7—N\2oY—FLEI7—FE—4—%FEAL TEET
5BENH B,

Fresh groundwater
zone up to 1000
24" conductor casing (brown) is installed feet deep
up to 50 feet deep and cemented (grey) to

the surface.

20" casing is installed through the 24"
casing and continuing up to 500 feet
deep. This casing is cemented to surface
to isolate and protect near-surface
groundwater,

Vertical portion of well

13 3/g" casing is installed through the 20"
casing and continuing up to 1000 feet
deep. This casing is also cemented to the
surface to protect the groundwater
aquifer from the gas well.

5 1/3" casing continues down and is
turned laterally inte the Marcellus

formation at a depth of 5000 to 9000+
feet below the surface.

Kick off point for the
bend from vertical to
harizontal drilling.

MARCELLUS CENTER

Horizontal, “lateral” portion of well M ( O R

Htenés f_rom 3,000 to aver 1_D’am roe OUTREACH ano RESEARCH
feet within Marcellus fermation. www.marcellus. psu.edu

231 T— 5 AMFEDO—RMEIMHABER (ROVILNZTFNIKREIT—ES X+
> 2 —Qutreach and Research website)
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R 1,000~ 5,000 7 4 — F(300~1,500m)DEIT:EEBOAM - HAP® (18) KEETH
BES—ILT B2REENHDHIBEIE. 8-58~958 4 VFr—L U5 EBRTTE 055,
MIADKE EAR) BEI—EIRBITH> TKEICEEH SN D, RRMICTOTI S
IVT—0 (—RIZ5-12AVF) EHIEEFTHRTL, EAVFUITETES,

{232 Y—t3AMEDOHRHEFEDHI(AOGR, May 2012)

2.3.2 KEWR L FHLELIFEH

T —t S AMEDOMHFH THRA SN TV S KABKERRLE (LB T30 Fv) 0T
EWS) [k BELTEESNIZHOEEZET S, KEICIE. RVTHE, %207
VATFL, K-BEIUTIALDEFES VY. EERKOZANE VY. REBEEK
TEEREAT L, BHAER - X TLNEENS *(2-3-2) (K233), HHLE
FTOTOERDE—EBEIE. KFEBODTr—>2005DIN—J+L—230ThD., BERAIC
BT OIBRENEEFEINIZRAN) VIR E, IS0 F vV T EERTIED S —2 00
NTERESE. ¥— 0T LAV MIAERITR, RWT. 739 F v U REIER
KD 7O/y b (—RIICIEEERE) LEHI12. EEHBETTEASNLS, TANY
MEIFAEENHLBBR SN, BERAFCHBOEBICEREZRALLV LS IC#HEFET S, 20T
O/NXY MK 2TRENEERN, AXA 70— 2AICRELEBEE (REMH) ZiEH
35,

0180



2
w
.‘l-

; ’

1

- 1,_1 -

23379 F X TARL—2 3 vhDT—EZADYH (PIOGA)

I—tESAMBOLISBEERBD ISV F ¥V TIE, —BUIC1AHHY 300 5
~600 AAOYDKEFERT S, COKIEZZIO—) —IZTIHIBT EM. BEIZE-TIE
BEIEIZL-TREShE-ABEFKAD, thEDEREZBELTAY—> 3 ARy
TEh3,

TS50 Fx )T E— BN IRHABICHBEZEL. FEEIMHDE "DFEL" MOBE
YU, \MHADKEENIERED "HDME" DAET, KERITH - EHOEBRIZHWLTIEEIC
N=TFrL—>3av, I39FvIVIUINRBRYRLITONS, COLIBREF, BE—0
HNT 25 BAULEERSNDEZELH D,

—RHET I T URIC IS F Y )T LA A —NILERBES B 5012, &4
DIV Fx) OTEERICEY bESh. 70—y JRIZERY S Eh 3 *(2-3-3)(F 2.3.4),
BLCEMATITONS ISV F Y VI TELFIERZESEHRTHDS, Y—ESRMETH
RL—2ar L TWahXEF, tEFTaEXE2RKEILT EHD. IS0 F ¥ ) JEE
D, ROTFTBHKE. N—T+L—>a ORRERRLTIT TS, £EK. Huhit
BEZAVVJEFERALT, BRARENLEDLSITHRTHANEHEL. BiEL TE
DNEBRAEWVICHEELHSIDAENZALNCT H-ODRFGECTFRALTLDS

(E2.35),

g 1m0



Chesapeake

2.3.4 KERAOREIZHEITHEHD TS F+ 1) > (Chesapeake Energy)

IS5 Fv Y UTEED®R., iFEFTO—Nysar bO— oL 7Y S TOER%E
AOWTTRbEND, HSICK > TIEARETENES/IS TS5 UHEHFIATLED
T. ILT7V VT EERT IRDERLGVEENHDH, T—E 7 AMFTIE. EALTZKD
BEZT20~25%FT7A—N\YIREELTHHAMNCELEINS, IHDEEICE> THEIC
REDKDNEHEINED, EOREOEN MR TEREINLZOMNIRAED & Z HIEHEICIE
KEATHD, 70—y I REPCEEKE, BARRIEKZSLIUVARESB L&, 7
B (GRE0E) RICBEIRT LD, FLEEEREOEAHANERELLGTNEGE LA, #
DHODHETIE., 78—y I RED 0% LEIF., tAHAD TSI Fr ) VJIZEIAS
nd,

0200



n -2.250 -2,000 -1750 -1.500 -1.250 1000 -750 -500 5!3' 0 2% 500 T80 1000 1,250 1500 1,750 2000

3,250

3,000

[2.3.5 EBRIFBUINSED LS ITHRET HM. T, TNLIEKFATICFEITICHERELT
SIERIIN-ERLEEZEZLHSDHLZHLMNITIMNMEE=2) T DT—4
(AOGR, 2012)

2.3.3 EEFFEEN
TRTOMAMEINRT LIz, £LEIF (O30 F¥))) LEEDODERFE (I
ARE, A1 T540, ERBEOHZRBEELE IJO—N\VIDRET) BT, MFOEEER
TES, BMhAOEHOMHANSGRATRA L LEBICEESIN LK ERIEKRIEKSE GO
DT vt— ) [ DEEINERICEMADS VAT END Y(2-3-4) (K 2.3.6),

BHRICERORHALNFET 556, ERHICIHERDOHERNTFTONEZ EABH 5,
R—ESAMBTREELDFEE. HRAIRES M VERBL THRER~AEONLES ML
®, EMOEINRES S o Eonbd, -, WELIzKETVTUE—FEENLE
DEETAHPRI VRN SV ERSN D, REOBUHMOREX. HiHK. IHRE
DHR - Kb, BET DR EDMEICK > TEL D, REMIZ, KIFEAH
[CELONHMNFIERARE (RFLE) RICBFASh, ARERES M vIciesh, O
DT o= MINRA TS A FERRMBOREERE (220 50 SEEEE 23 M)
Sk > TEHEFANERIN S,
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X2.3.6 —fBMLE Y —t S AMEBOEBMIZE FHEHOBELEYY— (A), OV
ToE— L DEER Y ZEOEENEEE (B) (Go Marcellus Shale.com)

2.3.4 HfE AL & EgE

AEINERAARRKL. Bl - RAARBEIZE TPt 2—EFIEh D85
TREIND, T—E S AMBOEERADOMEE., EEARFLETEEAROVTITH
SME. BEIZVTZICEYEBWDHD, RUVIAZTORBIRTIEARELELIZZLD
KARHAR® (NGLs) 2EHT 5, &ED (AvFrot—F) [FRFYA bH. PREEE
% (K237) THRETDHIENTEEN, HARHLIFFLTONGLs (T2, FOND,
TJavEAYTEY) "ERYBRLICIE. BASHEEZEISITKECETIE S EMTH
A RN EANE S T NIER S AL,

NGLs [EURIE, KA LTY—27F A LEkE. A& (Refrigeration) £%f#&. &4 (Cryogenic)

RiED 3BEOVITIAMNCEY TN, VoA MIULRETIE. HRRENS NGLs %
RN B RHRBFVERSN,. T2 A VT2 UELV TN LU EDEBRIEKERIT 99%

0220



FTMYRS CENTFRETH SN, T2 UIFH 15N RERELMRETEGLD, T2 2 0OER
EELEFBHICE AEHDIVEEARBEADELL DN, SERBTREITONVEFONE
EEALTHRZDE, RARETEIESSICHELI—EVFEZFALTAREZAEL, £
NENIZVEEL NGLs D EKIEL TEIRT %, HERKBTIEITZ o DF 85%, RN
BT 0%ULEZREIRT 5 EAFBETHY . LWTFhITOWTEL TRV EDESRIE
KRIFIZFIX 100%7BERIRET H D, FAXFEN TR VEIIROE THIRLHRMTH LD, &
fBE - EBEETODIR MAFL, EDK 5% NGLs BRTOtREHAT (&, TED
RAAXDER/INA TS - HRDEHR, NGLs/ T2 U OWRFICL YHIEEh D,

ZNE.NGLs TR BRBETHRACLICHBSATRTES NS, T2 VEEITEFRAR
EDOR#ELTNNITI10TELND,

-

X 2.3.7 ROVILNZTFTMDIT—t 5 IO H A LEHEER (Markwest)

EHRIEKFROBRELEER, RAAR (FEETAZY) OFREE~DEEERIES,
KEITEWTRRABRARNA T4 UELUVEEST D105 BIZE, BTOFLITHR
ERET DAICREBELENEZHBI T T Ly —) BERRKLEVRATLEET HH.
CDAVITSIDREAE, BEMAICEERES LALLM (AFS3ER, THFHRM)
MoERMITEEME WO Sl (EREBDM) ~KAHREHES H1=DIZT TIZE
fHFEhTLW =, LML, Y—E5AMBLLREADVFH. Oy F—LUIRD/NRIZIE
BTUTOEIGVI—LARADBRRLGEREE., COVRTLZRESE:, EEEHO
HADBNDNS VRAERYRTOICBELENDA VI TADEBITETHTH S,
HEYHIRBRLERES L VFELHBOMBM L REREDI=H, Ahk L-EEDORE
[CENGY DERNEHNDZEEEZRABND,

0230



24 x—)LHRABIRICHES BEBERIBE L HE

BT, KBS - HRBARCEET 2 EELBARE L. ChISHT S
BROHEEBIRT 5.

241 MRADTE

VI—LVARAORAFETE, EICHEMMBTORMAFAIATNS, COH, Yxz—)
HARBITHESWRHATYT. HRULEBERY A b A TSA VOBEBRBRUIALDE
BOEOICREBELT YV ERAERIE. FMBRRECEMBRRICEENGEZELE52 5, TOE
BLLT,. FMBETIEERAT) 7Hho0EBORH. KAL) 7ICK 5EERDSE.
KRDBE., EYVOBBRBOEILOEFT 2EMEDELL. RBEORELENLETFSN
%, TDIEN, BERER. £VOEENLGEELELEZ DX 5,

INLDMBADEEFSLANDKRADRET. HELERLTWIEHE,. WEERUKE
EYICHEBEERDHLICHD, HFMBICHRT AEKEATY 713, EOHEDORREL LI
FEFEGED. FED/NSLGE, IWRVHRICER T 2EVMDOERIGFREES Z LITK
%, BNTHEBHNE/NRS TSAVOT7HERAEBOEEN,. HETUTENENDELY L
MOEEERIFTAIRESEND D,

2411 1%, KEHERAEFR "I<BHEIND T4 325D Sublette # Jonah gas
energy field D5 > K4 FEH T, 64km° DEEZRLTH Y ERORA T 7 LBEH
BAHERSIND,

\“"—\\
~

]

LS

f Sublette )
County (

L Teton
| w&r—i

)

{

!

\
N
-4

Pinedale

1
| '\‘g oul Idar
\

) {
2 gy -
249 . ) :

\ / \

Vit \

2.4.1.1 Jonah gas energy field D5 > K4 v MNEH{E

Lincoln
v

MERANDEZEDOERICIE, Multi-Well Pads YR TLAFHEEZ NS, COVRTL
(T, 120/ kL ARZHIE L TEROUHZIEAIT 5=, HIHHKITH L THRORA
REENDLEC TEC EEHICK HFAFE E JKTEH Mults-Well Pads FFE & DLLE TIE,

0240



H—fifu-YOBhAMEREEIHRET VIO UTICHBTELET20EHY. Y x—IL
HRARAFEIZE > THRADEERBICEVWTEAMTHS (K24.1.2), LML, Y1 K&
STIE LAY FHEZY DFHAMABIEELZLLGL. I—ESRATHELZ23IMHATHY . &
%, &Y KXKBEL Multi-wWell Pads VXA TLDERANEEIZL D, LALENS, Pxz—IL
HRARAFEIE, EREOGH - HRARAKICLRTERE - hRAOFENFEBIZKEL, HlX
(£, 2005~2011 FITR U DI T TRESNIZ/Ny FEIZ 2,350 ERFICHLEY . ZDH
K TH A RIGHE. BYFHELFMRETHY . /Ny FOFEYEBEEN 247 T—H—.
EROCHLERESRG EDEERRZEHDIEN67TI—H—LE>TW S,

X 2.4.1.2 Multi-Well Pads [Tk %/8y FEEDRREITHRADZBHULHROZEFIER
THEENDB, W

242 BEEY - EBR~NOXE

D —LBRICHEWNERIKRENELT ST EICKIMBHLEEICMA T, BEEHEER
VEEES (V/OBE. 27Uy —0RE. BB, ADEM OHR. HEEHOD
BEIL— ., £EEBOGH., H(ECEMNIEESIh, KYEENLGEZENHLARERD
Hhbd. BEE (ICKDH8BE) ©/\y FORE. HOEHI. MIHABEOREILISE, /X417
TA VESBRMBICEET ZEERTHFICLY. (FRICKD) BHORTEN LTS S8
HHH 5, BBD Multi-Well Pads X T LDRAIE, thRAOZEEREFHZEL T, £ER
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~DFZEDBEBRRELTELENTH D, RAKIC, 7O EREBRONA TS VEQRHE
XD EEXEQEBAPFIN., ERMNLGERFICLIIZEDERICLEFST 5,

Ff-. EEERMAMMNEEL TS IFC RT7+—I U RRA VA —KTIH, £9EHH
DREPSO)IZODVTIHREINTW S, FAFEZEOTO D Y MMTOhNLIGE. £EYEHKYE
RUKERBRRY—EX~NDEEEZEEL. ELVLEZICODVTHET SIRLELNH D,

BRBEELT, FTEENSHEUERVEERRY —EXNOEZEZEET D LITBH,
RICEEORENHE L VMGEEHEER/IMET I L. FEMEHRERUVEERY—E
RAZEEETH-HDRRMNEREINDIZLETHD, REICHEYEMSHEERVERRY
—ERICEEBNEZAONDIGEE. BERRUVEEXNERZERL., E=2) VI EEET S
ZERROOND, EEIALORENDLIZ, TEMSHMEL T Y b OERBIZDNT
LEBLEZTNEGESEL,

EYMOEBHIZONTIE, TEiShi-E£RH ), TBERERM |, TFBICEELERK)]
[Zaltohnd, MEEShi-A£RH] X, RENMTOA TS LM, ERSh-TH, 18
ATHETHY .. FAENTTONEEE. EWEHRE~DEEZR/MEL, BEICELCTE
BREERTHIEAROOLND, [BRERH] FADFHAA->TUWVELNEHTHY. F
ENTHhNZ5E. EVEHFECEENLTOL S ICTHEDREE. ZEDRK/ME., £EHOD
EE. EMEHRMEDOA Tty bEFE IS, [FERBICEEGERM] [TOVTIE, #RE
BEENEFNLIEMZHEOMEAS VB THY . HXEBARILEEICEETHLH.
RAENMTONDIEE. ADEEZ L0340, EREEHEOEARBZRS ST, R
MEEZRY VI RVEHE IO SLNBASNE ZELRENHESN D,

DI—)LARARIZHZ>TIEIFC /IR TA—T VAR A A —RIZDWTHHHICEE.
BRELEIATITOAEBITREELSBEVEDERDNS,

243 Mgt E~OEE

DI—LAREHES, D —ILARERKICHES RDEGEKEE, BRI L THHEA
BEBE5Z5H52LICHE, Dx—I)LARRARTERAZAIE L. FTELANLORLEOFHIR
DML, HICHEEZER S, —AT. RBEDEMOME, BELEDOMBE DL, &
SIZFA Y IF0PRHY—ERAANDBRIGRIBGLEDORHE. FAFLGRBEIEMNAOEFN
BPAZI1=TADEELGEDHMELRET S,

DI—I)VARBEAEOEEIC TSV F ) DT OBEICEVTIE. KBS0 EHME MO
MEOES G EOMBENREE LT L, BEDREEAMIEMEEIFAE 20~30 B D EAMIC
FEMNMBIENZLD, RENICRA-SEICLHARRBORBE(FEMERICHY . «
—J I TA— FTIE 2009 M5 2012 EFTRBEFFRLEZEIN/DNESVET 24%., RLE
ENKEVERT 84%NDEMMH D E|MESN TS (2-4-3), BEROFETFHLULDOE
MEEOETORBENEMIE. ERXREDEEDNDRE LGS, P —IILAREFKICKY
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EBROBENSIZTEIINIGE. HRBLEELMABBAOB THERSEZITSI>2LIC
5, BROEBEE~ADORKLE LT, AREEEZFLEFRNO-OICHARER 71— ILOH
BOFEIL— FDEREZEITI. £, EBEEM. BROBE. BELES L EORYM
FEERIPRIZT 510, ARBXBIIMABRAREAR T 2 — LA XFFEONHAGE
ZiToTW5, &blT, AHEKROHA BAREIT. BEREEHLED-OIZ, EEFIROE
EHIR. EENRNMRELIRBE/INE—UADABRLGEEZTIRL, BEHRBROBEERSE
TIEFIREZTAEBLGELEBEIRLEDBEICIVBITT A LLARETH D, TN
[CHRBEBEADORKELT, N—RY FDF TR - T4 — bT—REHEIADORAREXE
TlE, KA TSAVERBBT DL TRBEZEIRLIBIL HD V(2-4-4), REEER
IZEVWTIE, RKBENMBEZSEMLADRENSIETEEI INSH., BKIZKHHERLLL
EDORENEBNB,

DI—I)LARBERREIZEWOTIE, BHIVJICKIBEELEBEE LS, AEE LTI
BRI TRBEICHERZR T TREEERTA2HENH D, -, BEIEMORLEIZLY.
BREFEVCEAMEOBHEN LA >TEY ., 2L OB THRAINTLSKFEY O
iizEFRATAHIET, 1VT7T0EY. REICHRUERBOMTIZHIRAATAERICH
EENSTIERTEHIEMNTREIZHE>TLND,

IS E~NDEE~NOEERMLEIRIE. N—RY FOF TR - T+— b T—RZEERD
PO HBTORKRBETHREL-, BELHRELOZELHIRT 51012, EHIREG
DIEEIZOVTRAREZEF B BTSNz, BADORERIEIZFH VT 24 BRELER CHIHTT
FTIRELTVWI2HHRSZEEL. MV TIHIEHIRSORECESHIR. HBRIL
EDEMBENERSN-HANEHICELZZLELED, BRITIIFEEEDRED-HIE
HIIRZZROTELDOTHY . ABERVOER. BMEEADRNEHCOICTARAEFICL
U, AN—%2HBELLYTHILIVETHS., ChbdD BMP(Best Management
Practices)[Z & TORAREEZFICELYLEDTIEHR W =H, ¥—R - /N\A - y—XATHEAS
NERZTLDTHD. RIEFAZRIITZELELHDH L. H5 BMP NREDPREL EMDERE
ZEITERIT LI HD. FHIOEMIE., HBOETOECREZFYLGLAL, BELE
BORXTYI—VARRAREEREST S EI2H S,

DI—I)VARBARICHES RERGERIIRELHEO T TEITINGZTAE, 2/Y—E
RAZHLBREGEEZEZ, FROEFOENMETTHILICELN S, HB~ADBEENS
{#dE, ERBORTIL, BEBORENEIY., SHICIEEROCEELEIZHLEETR
ELTW, BEIZBVWTIE, BEEEEACA VD ILI VYD IFUOREDEMADEEN
Bz, HBICESHAHE T S, HEIZEWLWTIE, BEDRYRL CHELEGRNRET S
T—ABBERIN, EECHEBEOERFR. mR—LLAMFLEOENLGEOMELRE
T5, COLSHHBICHET 2-ODFEEFTRELTVSH, EENEELIYAH
LEFLTVD, ERBEOKERE. ERERE. BRI VT4 7. HEY—EX~D
HiPYR— b EEERZHEAC-EAORE. HF TN/ S LORELGLE. HHiBOESE
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[CEDhEERYBEAEENH D, VI—ILHRFRREDRBERRICEDHZEDEED,
MPDANOZEECHREE, ZERNOLOOERRZITIKET 0. BARAOEIZHLT
EPEEDY—ILAR+ o REIE T —LAICELSNhD Z EIZH DS,
FRFHRBERBEICEDEZEITHERHETIEIH S, V—REEOOA/ ¥ ) 71 FE,
BRPIHOERN. THOMEEL ZTOMOEROERE. HBICETINSSELENSE
EAMBEE LTRZIToNG, MENBLLGDELEEBR/TOILDOLHTFo N, DO S
A=Y a UhEREL., BoIEROEMOHRES IZLIT, FROFRHESIERIT,

COESITVT—ILARAREITES>TRET H2BEEEE. HBOBREA VIS5
FTHILITHY, A VISOEFRE, M Y —EXBEDKRL LA THEBHEICHE
2525, TS50 -h CTHRIRBEFE LA BARKE, BoNFIEOHIBADET M
BOKRICELEEREZELLLN S, HBOEFTOECRIEETSIZLDTEHHHEIC
BYHATLS,

244 HMTKROEFERE [HERTORA. BHTFKRNDHEE]

IS0 F ¥ YOTRKICIE. TN b (BH) 2E0REAOFNERL—XIZT S1=
HEZEFVFOCEFELFEER (RT7—ILBHLE. N7 TV TEERE) M 05~20%EF
nTHEY. ThoDHBFKBE~DRBADTEEMSE, HTAOEKBILRELBIFELLG
TWb, £z, 737 F ¥ ) VU BEKIERENICHTICEALS T 5FENRONDZ &
BNELH, OB, BRI TKISEAT DAEEENER SN TS,

REIEEDEM
EIHLANILDOIEE
KEBKOHTKICET 2EMLANILORHNL., SREKDKEREDERE Safe Drinking
Water ACt(SDWA)MWFIE SN TH Y . BHADKEZEZFTET 5L 5B TEATRB SN T
Wb, £, BKZHMTICEA LGS, KEFEHDORHICREI %A1 Clean Water Act
(CWA) I2&Y ., BURETEOEYIMLGEEEZEEL TS,
INSDERILERNSHDEDT, 73V F v ) oV BRZEERT 2 ERBFL
RNILDOHRFNEBREFE TIEFIE SN TULEL, LA LEN S, EPA GREBRET) (£ 2009 £,
KBETREIYVITIVF Y ) DT DBHKBE~NDHEREDIEREZI(T. 2011 F£& Y RH
E %A, 2012 F 12 AICRABEOSRHEHEEZ AR L (F4EN0.10 BR), FMHRET
[T, oz —ILRAENKEEFLOBEEDRRIZIE - & OFEIMER XL, RAEER
DERBIMEE 2016 FREBEIZARINDLIFETHY . SRZTORENEBEEIN D,

< B LA LD IR

BEMIZEYBREHI L)L, SEEISEWNEHEH., FRGEDEMD S DMHD —E IEEERE
RORE ., TERAARFHILD—EHEBEROELR |, 15— 0N\A4TEXUEAVFY
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TOREMICET SR, [RE7—2 070t A 0 MREL. 1230 F v ) VJICER
T HIEZEMDEATI. [BAKNBEHFLEDI-HDE Y FOF K FMNE < OM TR
SNTWD, Cofs, M EITHRAGRFNE ZGbh TS (B4ENo.l 2H),

- FAREEFREORYEH
RETEEICEHEBHAZBERARLBEIGbhTEY ., 75 9F v o TRREORKRF
ARSIV —THAHINYN—FHTRE, R—LRX—UTHRAIY A FRIICERLTVS
MEDEBETETO>TWND, T, 7379 Fv I UJICERTSERL. BRAMYO
FOLBIYVREMDFVHAZFALLZLOLRAESATILS,
KXEEHBHS (AP) TR, YT —ILRARIZREINR TSV T REF LD, FHlLE
ATZa7ILORMHA T D AOREZETEo>TLNS,

REDHRICIE. BIEAREEBICLDIRHAT PV TOBIFR. MIFIEOREILLE
Mo SETFEFLREMENRY S-ENTELHL, BETIE. ARETEOERER. EI.
EEOFENEILISNTETEY ., KEMEBML TS LN D,

245 HKERELFORHE L UEA (2-4-5), *"(2-4-6), *(2-4-7)
DI—VHRBAETEBEES LV ISVFY T IRBTKEFERT S, MIHDFESIC
H & B, BMEICERSNDKERK 1 HHHEY 250~2,300 m*, 759 F 1) V5 Tl
3,400~30,000 m* DKEFATHEEND, TFHRPLOYF—IHUTUREEDEIEMH
BTk, 23 9F v ) OJICKYMMTRKORBKERZEICERT L. BEA. TEE.
EERBLIUVEERADKATEL., KEMIZEEEZE5Z508EELAH D, TDEH, oz
—LARBEHKICHE T HKOREFERANIVA—XT7vTEIhTLS,
R2A51LICEBIRIF—RERENCHEATETLIRRBIZTHETITBRELEINLKD
FREETT. YI—ILARARARTERATIKEFEMIRILF—LS-UHEBT L.
DIRILF—RICENRLTELFEL (KEARECLCRAREZRL), —AT. Yz—
WHRRETIEERIE 7S F v VDT EVWSHEDIRTREDKEFERT S, CDRE
HETHEATAIREDKDKRIZ, RKEFERATLIILENFEETHY ., COIREIZEITS
PRIKDERAEHIBI RO ENTND,
CHDEIBREOKDODFERIFRAEICKLIVFREINDZENH D, ZLDMBAL T—ILA
ARFEDORAIZEHY, REINCDEKANEDRERETHY KBRCERBRIZEEZSZD
MDRBEFZEFTMERO TS, HEBICK>TIEHRTNFKEZRESOTIV T T7KE
FELZNEELSHLPIKEEEL TS, 2011 &£, —a—3—4ME 1 BH=Y 380 m®
LEDKEFERT DICIFHFAEEZLEL T ARHERIT TS,
RUVIVNZTFINTIIEREBEZIMHDIEAIICEIL S, R VILNAZTMRERES
DEABNBELGD, CORBO-OOBRFETIEMHDMLE. tiH L REBOERM. FRFKK
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FEDOKREDEHZRTHRZRHET ILENH D, BHIICET SIRERFIOIESF Z REE
T5-HNRHEBL L END, HFAZH=>TIE, HHD 300m RNIZHZRKKEOFRESE
[CIA. MHAOTHOMEE~NDRBRHMNLEL SN D,

739 F v ) U THEASNIZKMRICENE (T78—/\yvIK), BYLEKOLEET
STETISVFYI)UIICBRATES, L. RICESKEXEAEDH 5~50%
(R—ESRTIE 20%) ESnTHEY. BHRKLPBETHD, PT—ILHARKEEEILR
KEFAEDHIBD =012, HKIFEELTRBOREIICERL, 237 F v JIC@FE
EAKP7A—ny oK, SHICIEMOEERKCRALF-EKOEREZEDTND, F
fz. BFAKtiZEDC Y, MKZEFTHY.,. thOEXCEEICEENE G VBHICRTRKEZET
HTHEALEZYLTWLS,

I—tE S RADEHIT ) 7 IEHIFETKNEELH., 2011 FICEHEMEFIEONH >z, %
DE=HY T —ILHRBAREEDO 7 /8y FRIZEHIZ BN E 55880 o1z, ZOFINTR
FTESIT, BKARENDODFIARX M > T ATEEMENREICLRY, DEFIREBEFERE
ELTWA, BIZRIE. PNy FHTEEEKETISVFY ) UTICERT S EICHIIL
TW3,
ZOMDFLLERAELT, 759 F v ) VI KOREE L TZERILREF® LPG DR
LHREIhTWS, BEMEOHIREREEZR DT ENTENIEL, KOKEFERICET
LEEERRRTEHRD,

#2451 BIRILX—RENIDELTRKOERAE

THALE—R *‘fﬁggj‘; SEIP | kgREcat TR
SI—ILHR 3-12 EEl. 259F vy
(FzHE—D ; N—=D =7 M) &iEIE
ERBERARAR 4-11 fEEI & EnE

Bk 7-29 RIE, K%

Bk (R —#i%) 47- 115 ?fbf%i

BFH (D5 %) 29 -50 HiE. &E0E
Sx—ILAAIL 29 - 69 e, 230FvUT
(FxHE—D ; N\—=DZF ) BIENIE, FBE
EREAH 29-72 ., £E. BR
ABRAE Bk A R1E) 40 - 93 RIE. k%, AR
ALY T —ILARKEH 79 - 201 M/ EE, B
ALY RERIEH 98 - 245 HH/EE, BE
R 147 - 216 BRIE. SE%.
(Zaviry—- bATLaiK) BRARELKE
AhEERIGE (EOR) 76 M., £E, B
NAAHE (582 L. KF) > 9000 [RFERE. RiENE
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246 BRHWE

—RRRYICHhEE (Earthquakes, Seismic Events) &L\ B, HHIEEED T RI)LF—RIE
LEDMENDOARNENZRLLIEEOREOVOLDLIFRMELZIELTHEY ., BRE
LTHEEBICHEZL 0T EEDRELIRLF—(CLEKFEA A—DEETID
ZENZBL, LML, ARLIRILE— (XT=2Fa—F) REOMETH>TH., BRI
END ABOFEHEHETHOERICEY ., ARMENDSSLHNEERMEDNZELH S,
FRERMEORTHLHIMUE (Y4 044 XX v Microseismic) &EFEIEND, T4
ZFa—FDR 0 KYUNSKIAMFTADEZETRTNSLIRIILF—DOHEBELEFENTE Y.
BRGHMETICEYDHAHRB SN EH. CORBNABOUKFECHELEEZTINSE
FEZH ., BEMNIRFIBEZZRBLTCVIRETH D, LCANRELHELE S HEE
A, 2011 F£ 3 AORILMARFEAMEDO L SERIRILF—ICLDRKEFTLE LTIk
BICHLTH, MUMELEERSINDLSBBIET A LLHLVERIC/NSIHIRIILY
—DIERBBLRANGE L EONTVWSIAEBETH LS LITTELLEFNIEES L,

FHME (Induced Earthquakes, Induced Seismic Events) &5 5 HEY. FHRINDIR

BN, HRFEBICEEZL o ITEEOREZELARELIRLT—DREIZRESE
rzima s, HFRCDERFITHNGENBZRESEIBEED/NSLIRILF—DIRE
ERESEHEEDEVIIENIDLETHD, BENLGRBICETHIHE - FRMEDIS
BIEEEICHNEIRILF—DRFLED TLVEKRTORZFEFL TLEH, #HEF
FHICERT HHME - FRMEEFDVLGCEIANARDPENRZRLCIEEULOIRILF—IC
KBIRBETFMLCNEIENEETH D,

AIHEEREICK Y RSN =-FHRMETE (Induced Seismicity) 1 1920 £ & Y5
NTHY., BITHICHMON-DE., XKEBT7 ) VS - RNATEMOEEICHLEST 5285 K
JMZ 1938 FITFTERL L= T —/I\—5 LADETKEX L DEBEBERMBRAEL G- - HEFEH T
Hd. Tk, FLOFKEANDEFKUSNZE . SRR O RERICH S HHIEE.
THRER., BLUIRIILF—BKICHESRAOHEEA - Eixkk & EEED H HHEEE
LFRMELLTEZALONTLS,

VI—LVARARAREZECIRLF—RRICHI EBZAONLFRMERE., REDHBEE
A BREYMPDEAFICELZRIFILE-CEITEY, ZRBICHEMBZ SN THEER
SN2 EZEZONTNSN, BELHARRELOTVDE, TOREADZXLA
FEETEHES, ERICBASNTVSERFEALGL, ELANRHLZ DD, Chib
BEMBEDEFLAERFITZFa—F 3 UTEIRILF—RERNEL, FFEBBED
#IETHY ., BUMLE (R4 0HAM X2 vY) EEDLATWS, FLFXRMEL, BE
[CARBECALIBEYANOBRELGELZFLEAERESELEHELRVEMONTINSA,
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BEETHAHILFEALBVWI EITHEMFEMIENILETH D,

CD 10 ERMTRFCD T—ILARAFRESED SNz KEICHEWTEH, ERFAKICEARKL
TWEHEEZONDIV DM DFRMENRESN., AWBEFLAIBEY~OBEELH
ELTOENIEEHLT . EFFRLLELTRELEEFAUVLREN TSI TL
b, COESIERRIZENT, ZTORIGITE S NI KEBRAFIE. 2010 FIC2KARFER

(NRC; National Research Council) [2& Y., YT —I/LHREAFREEETC I RILF—FRARIZHE
SHEADHBEA - Bu/d ELHEOHHFR MBI T H5HEE B S EREFICHER
SN, 14 7 AOEEDKRIZ 2012 F 6 BICHREZEZF LHTLS,

B DHEZ(F. RRICUTORYFLEHLONTEY ., CAHREDFEMEICOLTD
BERAREFEEDTVDHENS I ENTES,

RAFTRERNICEWTZHO I RILXF—FHRKITE S BRADOHEEA - Bk &EDEEN
EINTLED, FRMEZMELLENEINIBEEIBIHTHL, ARMES
FHELI=7—ZAD, MTORENTA—FPEZXEICAVONEZEE/NTA—2FRESL
THY., MEFREADZXLIZDOVTIEHSEEHHL TS LI ATHIN., thTOE
HEYHEBEEZELLETILETETVRNI ELD, BEIAHEDRIEL 24 I
TIZTOWTEHFHATH S, KEICEVWTIEREBRAARAARICH S FREICHT HHRTE
E (A ba) FEERTHIN. AEIREILIFIUTOD4REL D,

HET4—ILFICET 5 +RGHTERS S CIREFHREBDH L
FTRLBBBRECKIMEE=2 YT EERETHL
BEBLUVEZRYDTICOVWTHRLIEREATET S &
REMEEERST L L

247 BEIA YT 12T AENORM

BEIZEIS U FIDL AYIL SOILDES TERREET HRSTHEYME(NORM)
NEFEND, CNODOHEMEDEITELRNIILOBEREH L TWSH, FALIEAKIZE
ErHH5L0TEAGL BIZAFTEENDRERE), FEIEOFTEEINS NORM (&
Technologically - Enhanced E1=1& TENORM &BE[ER., T TENORM [F4 EFRIAD LR
BETWMYBRM., RSYTDORT—ILELTEELTEENA TS5 A4 UOEERR (N
L—2—. 14T, TBG. T4 IILE—)IZEHET B,

FTAI - FRT14—IL FOFBENEERFELZBRT 20, BREBEVLEERKBEE
19 BHHEIC NORM [XBTEMI ) R Y £ 125, NORM DHIEL b FHEEOEIREEESTSI-
OICHFELERESINT LD,
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BHRFIOEREES S MBI & 5 —MMSHREEICE - THE Y. COEEFIRE
RERBDHA ESA4 VHARICHE LTS, EDM. DHEADHE ZHIRT S 7=HICHERD
HWBRERSOE. —EREULD NORM ZECHMHEHSE. NORM ORBEITSZIEXT A
T UANBETHS., NORM EFYMDOLSEFH. £ LLEEID Y T4 2 IHBLEASH
TWBISFITE < FEEA. NORM IZK > THIET DHTICEYGRFEZINETH D, F
=NORMA'ERETREL TWAIEEE, BULGAETLANINERNETH S,

2.4.8 KRB
DI— VA REAREPICHBELEDIR[EFEORERIE. UTISRTEY 4D0HT73TY)

—IZNEFTBHIENTED,

1) MHAEMOT I LREREZERT IEME LI UVEBEDEGICHESIBR AR, BICHM %
xS D FL—5—FhoHHIhBHRATRGEELH D, ChoDHEKRARIE, EIC
T4 —EILBRHEOBEIZLDLDT, NOX P VOC (EHXRMA#KIEEY). MAEFLEFE
nTwha,

2) 7A=Y I KIZEFEFNZI A2 VERKFLRELE>TWL D,

3) MIAEMADT I LXDI=OITHELSNIZHFE, 5BV LN BMAF. FICKERR
DTNy FERIRWEICRET S ARER L,

4 NILT, ATy —JO—4O UBRETHRESNEAS Y, BHAVIMOHRS
N3 VOC F£IEBTEX (RUEY, MLIY, TFIRVEY, FLLY) BE,

NHEDA, 7B—NY I KIZEEFND AR, VOC EEIZDINT, EPA CREIRER
ER) 1L, 2012 F£ 4 AIZ, K&REIEiE (Clean AirAct) [ZEDHEHRREEFHE L., 2015
EHLELETIND ¥(2-4-8), EARMICIE, 2015 F 1 AURICHRESIND T —ILAR
DiFIZIE. K 2.4.8.1 [Z5RF RECs (Reduced Emission Completions) ZEEDRE N ETF
ftrohnd, BRI, 7944325 MOa05 FMTEETIATLS,

RECSZEETIE., 27—y I KMd VOC P A2 HEIRL., BfYITHS A2 %0
T ot— MIRFEESN D, 2000 FEMNSFERAINTE Y. 2000 £ 5 2009 FO LM T
M REC TEURE Tz A2 21, 200MMcf A5 218,000MMcf [CHEINL Tz, Shik., HRE
flZES7Mcf ERET HE. 15 ESDEINIZHE LTS ™, RECs EBDBABRDHAEL L
T. FHEE S0 B$. BEE 12 5$EBEIATEY .. HAREMASI/Mcf & LTH, Bl
ERUNERIZ 6 ¥y BERAEND, K 2.4.8.2 (FE[HEE RECs, K 2.4.8.3 [XFREE! RECs
THb
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To Dehydrator

or Sales Line
—

Condensate
Resarve Impoundment or Tanks (for produced

I} = fiuld, mainly
water)

Tempaorary, Mobile Surface Facilittes, Adapted from BP

2.4.8.1 RECs (Reduced Emission Completions) ¥En7A+X 70—

= = -

2.4.8.2 TA[#EE RECs (Reduced Em

- —

ission Completions) #i&

0 340



Vessel

2.48.3 EHEZ RECs (Reduced Emission Completions) #&i&

249 RIRZEH - RERLEER

IPCC(RURZ T 2 BUMRI/ SRIL) EEREMMEE FUELHMSHES™ (2-4-11)
TIE.SIEVRATLOEBRIEICIEES RSB WL SN TEY . KRFDZEBIERFR (CO,) .
A3 (CHy . —BRIEZEFRERE (NO) [F. 24< & &EB0FFEM THIFID 4 LVKE
[ICETEMLTNWAZELHALMIEINTWNDS, -, [IEVATLIZHT 5 ABOEE
FHBTHS LS, JURICHT S AABMEET. KREBFEDREL. HADKBEIRD
b, EkofE/. HRATFBEAKEOLR. BLUVV L OHDORIEDIEIHIRRDELIC
BLTHERELTWA I EMNERINTLNS, TLT., [UEEEZIFIT 5=0HIC(F. BE
MBARBHEDOKIEN DFHEMLZEHIBNIDBETH D EBRENTLS, CDLIIT. |
REEIFEEICETL., TOMHICITBEENRAROHLEEDHIFILLETH D,

BROESBHOIRILF—RICHT 2RATADKRIELESH DR LTS F5THET
LZMYAELE LT, BENOCRRARTHIRRECOLHEELTRRE LS4 TH A
DIVORTLBHENTONTE Rz, BEEOMREZRTIEZTHIMHABT HEEZ S L.
RAEDKSMERKICH T D10 FH1-Y OMETEF A TIEA 2 VI ZBIERFDHI25F & L
HRTWD, COKIITA R VFTEEIERFRLY LEALEENRARGOT, MBS T
ARMOHEIN DI _BILRFLHIR L CERATADEE - @EICEVTHEHIN S A
AUICEH>THESINTLES, ChETOZELOHARIZENIE, P —ILHRRARICE
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(T2 452 VHHERHORICEZEGRE., IHAOLLETLEEFHORICKTPICHES
NEAIDWRBEELYRBERCRRL A CLTHAS EERITITONT NS, £ L THRAE.
RAAZRN) 2a— - Fr— 2K ZB L THRESNIBELGAZ VEZ L Y IEMHEICEHEY
MY BANETHFTH D,

BIZIE., RBRARDEE - \ELATLEZBLI- A2 VEHEDFRICET X EL—
EOMENEDONT NS, TIFHRAKREF—RT 1 URIE, REKGEREE (EDF) &4
E1% 9 #t (Anadarko Petroleum Corporation, BG Group plc, Chevron, Encana Oil & Gas
(USA) Inc., Pioneer Natural Resources Company,SWEPI LP (Shell), Southwestern Energy.
Talisman Energy USA & & U XTO Energy : ExxonMobil ®DF&#t) Ao d 5 IL—Thi
DXEEZF. CORMYMAHZEESILTNS ™ (2-4-12) , 2013 9 AICHHTHITS

——EDLR— T, KEBBAHFICETE2FRL—YaVETETOHBED A 2 U

HECEATALELGRANCESRNETONATVS, COMRETIERHA/ Y FIZEWLTHISH
TEEA 2 VHHESRANTOA TN S, EREZEMNT 5 190 OXRATRAEERIGICH
(THEAMN S, KEBERMADLELIFIZTEWTRZHLS A 2 O OHH % 99%HIE 3 5 Al
M RECs £EZBEE LTS &bbhotz, CORKEIZL-T, iHTETFMALDAE
VHEHEIL, 2013 F 4 BICIRIERER (EPA) M oHEKRINT 2011 FOEOHERFES
D&V 97%IEL LTSI EAERINTWLS, Ff-. COMETIE. #HTOER
ERIHT 20D —IFIITNARADI5, HEHABOTNA ANLDHEEF, 3]
HDEPADRIELY LY D 0% oHEEVNILELREINATND, —a—IF vy T/ A
RAERBENODREEZHEI- A VOHEEX, RAATREEICE IT5EOHEEDRTE
HLYDK A0%ITETHEDNDETHD, SHIT. 2013 F 9 AZRFEMNDS 2014 EORUEF
HET, COMERDE 2 7x—XE LT, REHEESE (EDF) . Anadarko Petroleum
Corporation, BG Group plc. Chevron, Encana Oil & Gas (USA) Inc.. Pioneer Natural
Resources Company, SWEPI LP (Shell), Southwestern Energy & &' XTO Energy D&
SMXIEEZTT, BMOT—IEZMBTEHIEMNFHBEIATEY . RAARDY TS 4
Fr—rMD56, STTRLULEUADERIZONTO A2 UHBICET IHERRE. =
D1, 2EOMEICHRESNDERDN S,

TEH. RRERER (EPA) [$2012F48 ., RAARXCRBADOIEHIFICH 5 KKEEME
DHHMRFIZ2015F 1 AOSTELMET L. MIF L L ITEHORECSEBEDFRENEZHT (T oh
5ELTLE™ (2-4-13), EPAIZENIE, CORBHIICE > TIENHIALHINE AR Y
ICEALTIX. B & F40%IZHYE T 51005 ~170F bV EFBOLT ENTEL EESNTLVS,
BHE. CORFERATROEHZEFSIEDIILLBATESLLLTWS,
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25 BREEE~AOHGERE - RALSATOIKLES X T LA

RIEITIE. REICHE T DY = —ILREICHS TEGRREZE L TOMERICOVTHESZ
RE LA, Y- ILRARTBRIOFEOEARM TRRICER L &AL, EF - ME
LHITITHOMEBEHROFEIHEDRAE— FICERTETWVEI >THANH L, HL<H
SEM - RADAMENETEEED—DTHoOLTIFYRAM. 7V IR, LAOTF7F
M. 7—HhoV—METIEE, Px—ILFARFREEORH - RATARROERBLICHE
fFlron, T - EHRE B ICKRERQREAZBICEELTLWVRVLOD, il - XA
AREXEICINEADGEWNZOMMIE (Z2—F—D M. RODILAZTINE) TIE, 7K -
WEHRICELDOREZL -0 LTEAENH S, FHE. EPANEH TS IFTIF v
)T DEMKIE - KE~NDEZERBICKRSNDE SIS, EBHRLALTEMLALIZE
WTH, Y- LRECHSIREZBICHT IFERENETHTH S, TELRES
BRI T HBRROAEDAMMEIER25.1DLSICFEHoND, AEREEREAIED
T—UBRRICHT 52— EBOERREICAITT, FEBFEFOEFILELY. TH - Hi

HEEDEMGECEBRFATEZELCHZAREOMRIZEDHLENFETH D,

#®251 IBREFEIVRI EMROARAMGE

REFZEER FEYRY X GREZE) oFmHE

KEFLE HMHENLEZRKBAD ISV IHRK | - \HAATIT) T4 HBBAREF
S 78—=n\y I RAEDRE MELZETCHHEEEEDBA
-HBEEN LIV —ILBILEKE | - 75 v RADOILZHEBRATER
DTSV RIRDRE CHIHEERT (R—XS5/4V) BLUE
-HEICETETSIvIRAK S TE—N (B O TKKERER
VI RAEDTEDRE KB B RBOR G ERE
S EICHBITER TSV IRE 70— | - thRADOHKD TDS EEHE
VO RIEDMBEDEE

HRBE - HHEENLERKBADHRFE -\HA T T 4 R RAIRETF
CWBEENLEY I —ILEBH DIRKE BEZETCHHEXREEDOBA
~DHRFH - AR REEOX A ERE

PN ES - MFEEFEETONOZEHSHLNME | - RECSsDEA
AVFUoE—REUOMED VOCs B | - 22 ~AD VOC BIREERE
AR BTy 3 UBEIOMBREA (EER

HBENILTEH)

FERME IS UIORBREREDEODEAFEAN | - EAEADOHFIR
NDEEEAH D WVIEERFEHEEEA~D | - hEFRISEEHHBOA~DE A
EAZE AN

X - BEE I VA REEEM - 4TS BARLBHLEEEROEENS - £
RFITESELERADEE - XE@ EBETEICETSEMOEER
TOEZE EXRRENDEAERRIL

- EH RSB ORE
Z DA% YRR - — )LRAROEIL - —BEKE
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Ffz. FEOREEZERSDS 6. REICETARKOEXOEDLEL, Alddn2.4.418
BLU2ALIETHERLIZ7I9F v ) VT RAEDRBICE DT K - RIEBKGEEDKE
BE BLUVEELGKEREZEISVFY ) VIETREFATHIILEADBEETHD,
NOoDRBZEBRIZERIR. 7379 F v U TRAOCRHAELKEZEYICLEL,
tMIHTDIZ I F X ) VTICBRAT S, HHWVEERHICA > TEELDT 510D
KBS X T LORFENESOONT D, UTTHE, KEZFILELTRE - ERLsh
TWAZHREKLEL X T LIZDOVWTHBNT S,

251 1RE - FREIATOZKBES R TL(2-5-1), *(2-5-2)

DI—)LARFEEICENT, FISKLENBEE SN TWASDIE Flowback & Ongoing
Produced water (& 2.5.1 £8) DRIEADHK., HLHVEBFRICETLINELEZON
TWha5,

Flowback
Flowback, mostly Frack Fluid

A ‘Produced Water
Frack Fluids — formation water

e and Frack Fluids

) : DaO0ft

Initial Fracking up to a few weeks Ongoing Produced Water

(large volumes) (small volumes)

2.5.1 Flowback & Ongoing Produced water

AETIE., FEHKZEFE EHT Produced water & EET %,
KD Produced water DE=H5UNAEFIRDELY THD,

(1) #EKmE GAIE) ~DHEK

(2) ITEA. FEFaHKNEBZADHEK

Q) #BHLEH. HTRHF. HEHWIHFKEIZEA

@) 239F¥UTIZBRA
D). @IZ2WWTIE, BKTIEMLARILOBEFZ Y ) 73 5HKLEIRELE S, BE
FR)MN—MEMLE L S2A. P —ILARARIEINETICHHE - TREENThONIGEL, S
i TEEHONTEY ., MTFTEARADETHNTRITLENI EAZLVH, LIFLEF
TWKBADTIANTONT NS, REREFAKEINIGRHKAKRIZEZ 2EE%5E<
BELTHEY. b Marcellus Pz —ILO—HHAEFENSI =2 —T— U IMDOMEBERICE T
% 2010 ERDBEARFIEERDIRICEA > EEZ DN THE Y., SkTthathiE, H50
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[FRESNHZENTEH, REERIEORAREL BEADOBEICENDAEEENBRESIND,
CORLBESENL. RE~NOEZERBELKOBROMETA Y v FIEIFTEL0)DA
EMFEESATHE Y., BRIC—EHTEREIATWS EHIC, HALGIYEANTHATL
%,
AIETIE. Produced water DBFAICTA—HRZEHT., TOMHRKROERRARELE, ERF
[CAVWLNTWAEM - SATLBEEERBNT 5,

2.5.2 Produced Water®EF|F
Produced water # BFIAT 2 =OITHELKLEBOEERRS >V MIRD 3 ATH D,
(1) EBHREDER
(2) FHEERS (TSS : Total Suspended Solid) DEE
() R —ILERME (TDS : Total Dissolved Solid (£h) DRE
VIEHRREHRMBFIOERDWIF LGB L. HPICH TSR FMRIG TEAE HTH L
ARARBERAETOIBNAHE L. MBEBORKELDIZELENEHTH D, QIF
ARRBOAELBEET H(FH. BREBFONENBFELIZLIER LTS, (3)E
APHEHRTR7—ILAMIE L. BEDHABECHRARBOFAEZL 0T HEEZ LN
TW5%,
@B NWTREBTRER T — )LEEWEIZIL. Produced water [Z/AfE L TV BARRD
WEHE®E (NORM : Naturally Occurring Radioactive Material) &%t %, {E L . Produced
water [CHh T OMSTEMENABR TS LIET T — LA AFEARBEORBETIER ., BHEL
TLWABHAUMEDEEL ZOFEFTHNIEIREICELCBEINZLLRLTHS, LH
L. Produced water DBEFIAICLY TDRENLEFRT DL, KITHT HBBREDRRZE
AAT—IVERDTRET 2RNLH D, ChITKY HEIEEDORSHRREL>TLES
CEEERLTLS,
ERICEFZ3DDEFM,. BIRMICHELGLEL LTIERD 4 abZFEifond,
(1) FwmLzAR)<— (EEERE) OkE
2 #m-J)—RHp0Oa> +tO—)L
(3) &HEMMRFE (TOC : Total Organic Carbon) DiE4
(4) W& - EDa > ~O—)L
fBL. Produced water®BFIRIZKO 5N LHKEIXFERAT HARMFICEL>TEGY ., £
ARMEINTULBEFRDEE TProduced watertfikIE—E TIER K B & L HITERT D
ENHIENTLS, TNLICDVWTRADIETHBAT 5,
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2.5.3 Produced Water®4k
Produced water D739 Fx oI HRAE LTOBNAICET I EEIO—%K 25.2
[l e N

Flowback
Water or
pw &—|Near-Well :
Water Mgt PR
Decisions | ——<_Concentrate -
By-Pass (Class Il) of Brines
Well 1 _ di_ _ Yes} “Conventionsl Disp
on loning gn BE!Q[ POTWs
Options Pretreat | __ Cmmcmeﬂ“s —"|-By-Product Salt
By-Pass| Options Recovery
Thermal *Landfill
Blend Water Meincaren .g::an Disposal
} ‘\ Recovered Hybrid
For Reuse EtProcessmg
” Make-up i
Water
Well 2
Completion 1 1
In-Field Near-Field Far-Field
Within 2 mi Within 20 mi Within 200 mi

2.5.2 Produced water DBEFAICET 4EEIO—

CDEIZ& % & Produced water L BEBET ZDFEFERD I TV F v ) VI REICAWNS
BELHIN, TOHEREELECET IERIIBVAEDNDE A/ LN TV, £z, Produced
water HIKIEF—E TIEG <, BEE L HITERT I LICEFZENDETH D, BHLELD
%X 253, ®254(2FRY,

Total Dissolved Solids, mg/l

300000 -

250000 - e A
200000 e

-

150000 _-.
100000 ¥
50000 A

od - .
0 20 40 60 80 100
Days Following Hydraulic Fracturing

B 2.5.3 Produced water 10 TDS D#EEFZTIL

0 40 0O



L ]
08 —e =Dissolved Solids 4 0
—4=—Chlorides 7
== Barium 4
-

40,000 |———Sulfate _— 2,000
— —,
3 - =
z i~ /' E
£ - a
2 30,000 - 1,500 —
= ~ .|
2 - iy e 0 5
o -~ £
- - ﬁ
2 20,000 1,000 Z
g /,7;:7 §

10,000 /‘\! 500

—
T + " =] g

0 1,000 2,000 3,000 4,000
Flowback (barrels)

E 254 Produced water iR DERZE(L

253X TDS DEILTHY ., BEIEITS IV Fv ) v JROBHTHD. EEDOL 11—
WHRITA—ILETDT—2THAN, BFRHGET 4 —IL FREFTATH S, H254[F
TDS DIEM, &R - N\ VL - FALWOERELTHY . Marcellus >z —ILTODT—ET
BB HEEIER 253 EEGY  BFED Produced water ETH 5., D DEH 5, Produced
water FDERERS ET—HRICER & & HITEMT 208, RHE. HHWVET 1 —IL FEIC
ZTOHRMENERLGDEEZ NS,

AR IZ.Pennsylvania Marcellus Shale IZ# (T 5 8K R HIE (k 2.5.2) & BB Produced
water DKE (% 253) X Y,

£ 2.5.2 Pennsylvania Marcellus Shale [Z# T % BEK R Fl{E

Contaminant Limit (mg/L)

Total Dissolved

Solids

Sulphates 250
Chloride 250
Barium 10
Strontium 10
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% 2.5.3 HEML Produced water DKE

1. Organics Units Concentration
Range

Volatile Organic Compounds | mg/L 0-10

(VOCs)

Semi-volatile Organic Compounds | mg/L 0-100

SVOCs

2. Inorganics Concentration
Range

Total Suspended Solids (TSS) mg/L 200-1000

Ammonia mg/L 0-150

Total Dissolved Solids (TDS) mg/L 1,000-400,000

Carbonates mg/L 250-1300

Sulphates mg/L 0-150

3. Frack Chemicals i Concentration
Range

Polymers mg/L 0-500

Hydrocarbons mg/L 0-50

4. Biological Units Concentration
Range

Bacteria / Microorganisms - Variable

Sulphate Reducing Bacteria - Variable

5. Radioactive Material Units Concentration
Range

Naturally Occurring Radioactive | pCi/L gross | 0-15

Materials (NORM) A

B, BEKBREEIEBRICE > TRELELG-TWSI=OFET S L, £, BFAZ
THIGEICIE. BRI IBBOERLGEIZK>TEDERKEIZELE>TL %,

EMEZAF L1z Produced water DK EFK 254 12RF, HEL. WIhEET—F TIE
HEN. BRI T 4 —I)L FRITHATH D, H1 3 &6 4 1D TIX, B Produced water
EXFHEE T O5RBELER LIz, ROTHICH S lLangelier Saturation Index] DEREA
F. DLEMMTHLIMNBETRT,
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% 2.5.4 Produced water D4k & LSI DESH

HE B i1 2 13 4
S HiFlow Back bbl 500 1000 | 1500 | 2000 | 2500 | 4000 500 2500 6000 | 11000 | 15000
[P Alkalinity mg/L as CaCO, 0 0 0 0 0 0 0 0 o 1 0
M Alkalinity meg/L as CaCO, 52 95 170 200 190 190 220 210 580 | 560 560 260 , 160
Anions Chlor ide mg/L as Cl 78,600 | 67,100 | 12,100 | 14600 | 16,000 | 18,600 | 19.100 | 24400 | 2000 | 5800 | 16,400 | 53,000 | 104,000
sulfae " [metessos | | "[T5 Ty a0 | o5 T T VT T[Tl | sw0 T e T 57 T
Bi carbonate (HC0: ) mg/L 56 56 |
Potassium meg/Las K" 85 58 60 65 65 73 27 40 103 381 544
Sodium meg/L as Na' 32,500 | 31,500 | 7,792 9259 | 9,008 | 10,550 | 12,500 | 15,650 | 714 1470 | 2,671 9,062 | 12850
Calcium me/L as Ca’* 12,500 | 7,820 500 477 497 622 645 965 240 536 1960 | 6840 | 9720
Magnesium  |me/lasmg | 70 | 725 | 38 | 3 | 37 a0 T 48 T Teo | a4 | 73 | Ty a4 303 |
Gations Total Hardness me/L as CaCO4 1,405 1,338 | 1,303 | 1737 | 1810 | 2693 780 1640 | 5600 | 18500 | 27,600
Bar ium meg/L as Ba®* 58 569 198 430 437 795 831 1463 0.4 0.5 2.1 75 | 702
Strontim —— — — T T 7] mgLasse | | | 7 ¥ iea T Tea | a7y a6 | 421 | 65 | 484 | on 1 w5 | 1837
Ferrous Iron me/L as Fe 39.8 41 55 20 11 0.1 0.1 15 1.8 038 0.4 06 | 33
Ttaldron. 7 7 Tlmiere 1 |7 T T s T Tt | Ty T a Tt e T T %]
Ammoniia (NH,.) me/L 107 121 T
pH 5.5 6.5 6.21 6.41 6.17 6.36 6.37 6.37 7.25 8.31 8.54 627 | 588
[Total Dissolved Solids __ _ met | mzow|wsen] T T~ - " [~ 1~ 7~ L
Total Suspended Solids mg/L 17 197 397 52 98 50 43 108 0 | 2 201 123, 502
Total Organic Carbon mg/L 34 59 B
T N N T D e R D A D D R L
0il| and Grease mg/L 31 <5 |
Miscellaneous [Spesifio Gravity | et " T T T T T Ter Vs TisT) o) Toi | oz [ oo 1 Tois | s T o) st
Conductivity micromhos 33500 | 38500 I 39,200 | 45200 | 47,100 | 58900 | 7,160 | 16800 ; 37800 I 123,000 ; 173200
ATP (Microbiological content) relative light units 5 6 3 B
Microbiological content | | N R D e e A A A R R A T
Langelier Saturation Index Lsl -0.27 010 ; -017 | 015 0.26 043 1.02 237 2.94 102 | o055
[Langel ier Potential | T T 7 T IT T T T 7 corrosive | Neutral | Neutral | Neutral | Neutral | Neutral | Scaling | Sealing | Scaling | Mildly | Mildly
[Caloiun Sulfate Sealing Potential | | 1 | T = T 7 17 717 717 7 TPositive] Positive | Positive | Positive | Positive

Langelier Saturation Index (LSI)
The Langelier Saturation Index (LSI), also called the Langelier Stability Index, is a calculated number used to predict the
calcium carbonate stability of water, i.e. whether a sample of water will precipitate , dissolve, or be in equilibrium with
calcium carbonate. Langelier developed a method for predicting the pH at which water is saturated in calcium carbonate (called
pH,). The LSI is expressed as the difference between the actual system pH and the saturation pH .
LSI = pH - pH,

If the actual pH of the water is below the calculated saturation pH, the LSI is negative and the water has a very limited
scaling potential. If the actual pH exceeds pH,, the LSI is Positive, and being supersaturated with CaC0,, the water has a tendency

to form scale. At increasing positive index values, the scaling potential increases.

LSI Scale Potential

- negative No scale potential

less than zero Water will dissolve CaCO0,
+ positive Scale can form

greater than zero CaC0, precipitation may occur

close to zero Border|ine scale potential. Water quality and temperature change, or

evaporation could change the index

Ff=. Produced water [I/KEZITTIEGEL ., TOHKELFMICK >TELRT D, EX
BIIZIX, B 255 I2RT@EY . Flowback AFEET HHHAIZE < DHEANFEE L, BEORF
BIZEYEFNMNMETLTWKIERNH S,
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s——\\ater

s===Shale Gas

Production Rate

Producing Time (up to a month)

® 2.5.5 Produced water QK EREEIL

BEZT—HABTRET HHKEFIKECETT S EMNS. Produced water DILERE
BELTIEK, BABSTTRAEKAHEL L, BICLELGBAABET L LAARETH S
LDEAVSENFELVEER D,

C DERTE & 5D Produced water [CDWT RIRICTEAFREGLESEZRBNT 5,

254 RIRTHEBATEE/Produced WaterD L %

Blue Tech #£® Insight Report Tl&. Produced water QLA %[ Primary Treatment &
Secondary Treatment [Z7 [T o d & LTS (H2.5.6),
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Julation
k Filter
Clarifier
d Air Floatation
Induced Air Floatation

Walnut Filter

Primary Treatment 4

Hardn

Iron (Fe) recipitation with NaOH

Precipitation with BaChloride
Sulfate

ndary Treatment )Oppm

TDS of
120,000-300,000ppm

Crystallizer

2.5.6 Produced water QME A xR A

C DT Secondary Treatment [£ TDS QAEZEH L THEY .. TDREIZIYLUTOR
Y RBEENBEENRELDS (B25.7),

g 450



Technology Used | Reverse OSmosis s Evaporator 3 Crystallizer

TDS Concentration < 45,000 ppm 45,000 — 120,000 ppm 120,000 — 300,000ppm

B 2.5.7 Secondary Treatment O&F:&E7% TDS BEDEHR

WEHROZDREIZLYZSDULEBLEENHSDMNERFTHSA. FHIKD Produced
water DIWEHEE LTELERLTWVWSELDIEUTDIETH S,

R THRLEENH S Produced water WEHETHY . Bl - RAT XD EFDOKLE
TIE—EMGNEBAETH S, ZBEICIE, BRELELEZJOBEHBAEICIY. BRI
IR ERVWDEMER (TVR: Thermal Vapor Recompression) & . EfetéZ RS
HEWBESE (MVR : Mechanical Vapor Recompression) m# %,

QfE (HiZFBIR) Bt

H2&ER (RO FE : Reverse Osmosis) (. & i& & it S FEZE % Produced water L3
FHiETHD, BL. ZBEATIIIESERE 45,000 ppm EFTHEAELZDICR L, ROET
[% 35,000 ppm &SN TS,

RORZRAWVWANEIZE T L REFEMYFICLSREOAETHY . {LZLEDL RO E
FUELEDOHEVMFED UFRICK SRTAELHAAEDE TR TLEBET DLEN
Hbd. Tr-. AEBLDOI-OIE~OEFH®RLGEI—T 1 VT RSN TS,
QftFrynE

EZAE(X, ZILA)ORYI—ZMA TR - BE - PBETS 2005, 7V
VERAWELDERE, BRICTHT-4, HEEE. ERNICLERRERET S ENT
EB=. YA Mk >THSDEA S Produced water 123 BHDRETA LT L\DA
FETHDIEEADND, Tz, thOUBHELEAAEDLELTVELHEETH D,

UTICS, KRB T —IVARDKLEBSHEZEHI2E S, BEAMICEAXEHRBAT 5,

[Fountain Quail #t]

Fountain Quail (X, Bl - RAFRRHFOI =7 1) Y —EXE%t Aqua-Pure
#HOFEHTHY .. T —ILHRX®D Produced water LIBELHEFADEL TH S, 2004 F LU
k. Barnett & = —/LTIEE#DEZREIZ & % Produced water LEF#4T->TH Y. 2008 F 4
ARFRTRE 570 A/ LI (991 Am) ZWNEL T, ZDH 80 %ITHHT S 450 B/ L
L (#3715 F5m) OKZEEUR. BIALL-EELH S, Banett (CFH1+ 5 Produced water
MIBE(TH 760~950 mM/BTHY. KEUREL 80~85 % THD., Ff=. EHOHEIMIE
Marcellus & = —)L (JKDEIYLEE 75~80 %) +° Fayetteville &> = —)L (JKDEYRE 95 %) T
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LERASNTLD,

2.5.8 |2 Fountain Quail #tD&ERBEICH ITH AT L70—%, K259 [CRIHDHEE
ARER ATy KRy FIRBENDEEETRY,

=
Seperator
De - Aerator
Foed
1 !
Distilled . = Pl
Water Feed/Dist. i
Exchanger Evaporator ||
|
—_ Circulation
Concentrata AT [ Pump
Concentrate

[ —

r——————— g’
F;:ddfn“; Pump T
——q T
Distillate Distillate Receiver
Pump

2.5.8 Fountain Quail #tDEBEICETH X TFLTO—

2.5.9 Fountain Quail M RA¥ v KT v FIERBEE
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258 A L®M lFeed] MHLFHA 5D Produced water TH Y . HREBHDKLRIEKE
B TTERINER, ZREB (KR TIX Separator) [THAT S, REBICIIFES A
UHhHY. AEORAKITIEMREOERARAJEDIARBTMEAIND, Fi-. BRHFILEMHE
WO a lchHr-ORESNATEY ., RBRAESEENBRTHEL ELESIC
S[ET D, [UEL TEMBEIN-SEAREERBOBRI A VERNLIRALBATBLT
AEEh, BBKEGHOTHEINADOEOIZELNS, TOAKTIE Produced water D5
NOERDFETREKE LTHESN S,

[Veolia Water Solutions & Technologies Oil & Gas #t]

Veolia Water Solutions & Technologies Oil & Gas ¥t (LI Veolia #t &BR) (X, TDED
WY - ARABIZEITSKNEBEEMADOY—EXLHTHD., ZB. B (FREE) 7B
IEZHNEDLTORMERBEL TS,

- EZBAK
2.5.10 [Z Veolia #t M7 B8 E% 1% (ZLD : Zero Liquid Discharge) MEE%RY,

B 2.5.10 VeoliattDZ&MRME (ZLD)

ZLD (& Veolia #£ 7' )L— 7 ® HPD #ABAK LI-HMTH Y. B 2.5.10 DIEIMSERT
PV FRAVSARTHLIENINDZA D, ARFSEELCKLEICELTEY ., T
DHEELH D,

(1) NaCl. CaCl. E€RZRMIZRKRE
(2) EEVMIERT—FTKTHY . BHI TUIEFEE-ZLD : Zero Liquid Discharge
(3) RIMERETHRFEE. ELEHIBFTHE

BTk Foutain Quail #t E DK ELBEIXQ)THY . REYNEBKTIEILLEAXRTHS

RTHB,
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AHATlX Marcellus & = —JL® Produced water T7E %47L). 95 %MD /K ZEUR L THEF
FAAgEE LTLVS,
R (EEEE) SR

2.5.11 [Z Veolia M OPUS (Optimized Pretreatment and Unique Separation) A= ®
WO O—%. 25122 0OPUS ARXBRENEEETRT .

i

it

B 2.5.11 Veoliatt® OPUS AX#ER 7 O—

2.5.12 Veolia #t® OPUS AR % lE

OPUS A= I Veolia #t4 )L— 7 M N.A. Water Systems 1 HBi% L =i cH Y . MNIExF
ZKD@RAR - BB RER. EFMEE (chemical softening) Z1TL), £EBZEDFilkE
BEARRFESBLI-®&,. $RBEETLET S, & pH TOEEICK>TEY - HHEY - BR
DRAT—ILEHLET B EMNFAETHY . FIEIRILF—DDLEVEEHH-EL TS,

- {EFyNE

Al LB AR, B (HRBE) s#ARE. BMXEELZTIS Y FRATTHS S

EMNBE (K25.10, K25.12) hoRZ SH. B4 TIEIEZEH Produced water L2 % 5@
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A L=aIri i & & MULTIFLO 1 BAF L TL\S,

2.5.13 [Z MULTIFLO M44R, [ 2.5.14 ICZDBERERT . AEEIFLFNEIZL D
Ar—ILE 5 (Ca,Mg,Ba,Sr,Fe,Mn) BREMNBHITHY . ZILA Y PR T —ZEMA TRE -
BE - DHETO. DEPNRIEIR2550BY THS. FELRAWETHY . LEENT
5,000~25,000 /XL JL/B (9 795~4,000 m/H) D444 TEFHRAL TS, 2010 £ 11

AM 5 Marcellus & = — )L A RABF T Produced water OB F|BICEITH=AEBIZFERAINAT
W3,

2.5.13 Veolia #® MULTIFLO 48

siudde Recireuldtion . —
conguiant .

and Alkall

& 2.5.14 Veolia$t® MULTIFLO OHIER]
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& 255 MULTIFLO O4rIREEH

Calcium Hardness, ppm as CaCO, 15000-25000 <500
Magnesium Hardness, ppm as CaCO, 1,500 - 2,500 <500

ron, ppm 100 - 200 <10
Manganese, ppm 5-10 <10
Barium, ppm 800- 2,400 <100
Total Suspended Solids, ppm 100 - 1,000 < 300

[Superior Well Services $1]
Superior Well Services #H[ER 77—V EZ £ T 5 ZMfifG 4 A U BREICHEMGAEL L TR
DEITNBEEERFELTEY . FWKISEWTISOF v U RIEEKERIATEE &
LTWL3,

(1) Zffi4 A EERBDIRBRITET 5 pH IZFRHE

(2) Zf@f&A A4 »iFmE| (Ba,SrCa’i &) TRLAMA 4 &Ik

(3) Fe? % Fe*'|ZEBnifa L TiLBRRR =

(4) BEICIELCTERE. HE

(5) HRBEHZ 5@

K256 ICTDUNERTEDKEDLEZRT , —flifGA F VBREIC—EDHRENRED LN
50, BOTEVWHMRLFEEALGVDONERD LS THSH. Produced water JLEEA Z DFE
EDKETHRTH 45X, Produced water BRIAD-HDKNETIEENED L S
BREBEREBEITETHDILELEAOND,
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& 2.5.6 Superior Well Services DA EIZ & D NERTEDKEHE

D #: 080309_003 080309_005
Sample ID: {(Untreated) (Treated/Filtered)
Sample Date: 080309_003 080309_005
Anions

P Alkalinity (mg/L as CaCO3) 0 0

M Alkalinity (mg/L as CaCO3) 240 146
Chloride (mg/L as Cl-) 13,300 12,900
Sulfate (mg/L as 5042-) 10 27

Cations

Sodium (mg/L as Nal+) 7,067 6,788
Potassium (mg/L as K1+) 36 35

Calcium (mg/L as Ca2+) 736 540
Magnesium (mg/L as Mg2+) 127 49

Total Hardness (mg/L as CaCO3) 2,360 1,550

Iron, Ferrous (mg/L as Fe) 0.0 0.0

Iron, Total (mg/L as Fe) 7.9 1.0

Barium (mg/L as Ba2+) 596 43
Strontium (mg/L as Sr2+) 228 174
Miscellanecus

pH 6.71 7.90

Total Suspended Solids (mg/L) 116 60

Specific Gravity {(g/ml) 1.012 1.015
Conductivity (micromhaos) 35,200 34,700
AATP (rlu) - Microbiological Content| 89 7
Microbiological Content Medium Low
Langelier Saturation Index (LSI) 0.51 1.26
Langelier Potential Mildly Scaling] Scaling

Ft=. ERIEIANEBSEZORHFEERBICIESREICHRT 2HBEHEENLVEZRIERE
BA% L .Marcellus & = —JL®M Cabot Oil & Gas #tMFHF T 5 7 « —IL FKIZH LT Produced
water NSEIR LI=KDATISHF¥) o5 %ToTULVS,

[Ozone Technologies Group #t. Kerfoot Technologies #t]

Ozone Technologies Group #t(&. Kerfoot Technologies ¥t NANOZOX 7O+t X # LY
% Produced water JLEH i Z#BiF L TL 5, NANOZOX At R ([, REZBEIEKFET
Btz o040+ / NTILTHACERILEMENET IEMNITHD. ChE
FALY. Ozone Technologies Group #t(& 10 5~100 5 A 0> (#9 380~3800 m/H) DALEHE
$1% % D Produced water MIBEEF#FHAFE L TS, EMELISAHREE CRENAESL
TWBHN, EEDI T —ILAR T4 —ILRIZEF3BRIFELRE SN TLEL,
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[PPC(Process Plants Corporation)#t]

PPC# DA RKIF. BRZEZKPICREAATEERECILEYEZ B NULBRET H5L DT,
YU RITAILAEHATSHIETTSS #99.05 WrERTREE LTS, COHETMiE z—
JVHR T 4 —JL KD Produced water [Z# A L =l [EIRE S TULVE LAY, BERMESRILBEKD
IR TE 2.5.15 DRRGEEEF D,

B Treated Frac Water B Untreated Frac Water
15,000
11,250
7.500
3,750
,D .
Chioride TSS Sodium TDS Magnesium

2515 PPC#DARIZ & HUNIBHER B

25,5 Produced water MEBEEIZEITEHSY—Tv 7T

AIEIZT Veoliatt A ZHONEBEEFRE L TS Z & F#Ir LIzH. T DI Siemens,
GE. Cameron 5A%, Produced water DIBLEEIZH 5 Market share TRKELEIEE G
HTLS (F257),
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#&257 KFXWEBEHOIT—4v b7

Competitor Relevance

Secondary

Siemens is a dominant player in the Oil and Gas Produced
Water Treatment market and offers a wide range of filtration
and separation technologies for produced water treatment.
These include: solids separation; primary, secondary and
tertiary oily water separation; advanced freatment; solids | 11% 12%
handling and reverse osmosis (RO} and brine recovery reverse
osmosis (BRRO) systems. Siemens is stronger on the
advanced treatment (e.g. media filtration, desalination, etc )
side than they are on the primary treatment solutions.

Veolia Water, a division of Veolia Environnement, designs and
operates high-volume mine water treatment systems. Their
Produced Water Treatment solutions include Hydrocyclones
Veolia Water Solutions | (solid/liquid and liquid/liquid), Compact flotation unit, Cariridge

Siemens Water
Technologies

& Technologies oil adsorption, UF with ceramic membranes, Dissolved Air | 87 | 13%
Flotation, and induced gas flotation. Veolia is stronger on the
advanced treatment (e.g. media filtration, desalination, etc.)
side than they are on the primary treatment solutions.
GE Power & Water GE provides innovations in effective, cost-efficient methods
Water & Process | including evaporation systems to treat and supply the millions - 8%
Technologies of gallons of water needed for shale gas production.

Cameron is a dominant player in the Oil and Gas Produced
Water market that s strong in ol and water separation,
Cameron induced gas flotation and nutshell filtration. Cameron also | 55% 20%
offers advanced treatment solutions but its focus appears to be
in oil and water separation.

{BL. IRTE Produced water DALE(ZT DT, ZOBEHEAKRELHE LA TSI L
LHY. KINBHOSHNMUBEEEZRE - AELTLWLIDOHARIKTH D, £258I2FD
—flERT, CORMPLEDNDKIIC. ZLDEHMERIKIE Primary Treatment DILEE %
BERLTWA I NGNS, Chik, BIKD Produced water DALIEIZF LV T, Secondary
Treatment Z W E LI 5(FE TDS ZUNET IMBENGTNLEZEHKRLTLS, BL., S
DIFFERIES, KEROBMAILE > T IZHELY, Secondary Treatment DA E 4 (L8
LTLKBIENREZ NS,
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% 2.5.8

Company

Produced water DUEBEEZHRELTLSEH—%

Technology

Primary

Secondary
(Desalination)

Reverse
Osmosis
Distillation

Crystallization

Employees

212 Resources Mechanical Vapor Re-compression W
3C Membranes Membrane Filtration v <h
Atmospheric Water Capture, Using
Altela Waste Heat, Thermal Desalination 5-30
Aqua-Pure . .
Ventures Mechanical Vapor Re-compression 30-100
AquaMost Advanced Oxidation Proc v 5-30
Zero Liquid Discharge, Membrane
Filtration, Biological Treatment
AquaTech Process, Membrane Bioreactors, v v ¥ | v =100
Package Treatment Plants, Filtration,
Themal Desalination, lon Exchange
Drake Water | lon Exchange, Package Treatment v 5.30
Technologies Plants
Eco-Tec lon Exchange v 5-30
Ecosp} Advanced Oxidation Processes,
Tec::: ologies Ozone, Electro-chemical Treatment, 5-30
9 Ultrasonic Treatment
Package Treatment Plants, ~
Epuramat Hydrocyclone v 5-30
Membrane Filtration, Biological
" Treatment Process, Membrane
E'“"h;:’l‘ ut'::::‘:ﬂ: Bioreactors, Package  Treatment v A Y 530
Plants, Filtration, Thermal
Desalination, lon Exchange
GeoPure Hydro S
. Membrane Filtration v 5-30
Technologies
Package Treatment Plants, Membrane
Filtration,  Crystallization, Thermal g
=Ry Desalination, Advanced Primary v \ VY 530
Treatment
Halliburton Electro-chemical Treatment v =100
Secondary
(Desalination)
c
« § 2
Company Technology g = ® Employees
= E = F
il I -
= (5}
o
Hydration
Technology Forward Osmosis v 30-100
Innovations (HTI)
Klaren BV Thermal Desalination v 5-30
Filtration, Physical-Chemical
MyCelx Treatment ' 30-100
Oasys Water Forward Osmosis v 5-30
P tre B _
T;::‘::I ol :;;; Mechanical Vapor Re-compression v 5-30
2“’9.‘*"““ Energy | £ioctro-chemical treatment 30-100
ervices
. . Dissolved Air Floatation, Membrane
Sionix Corp Filtration, Thermal Desalination v W 5-30
Scoane Energy Advanced Primary Treatment v b-30
ZanA B _
Techr?:li:)giﬁ, Inc. Mechanical Vapor Re-compression Vv 5-30
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[XEEE : No.2]

%A 2011 £ 10 A

Xk FEITHEES The Pennsylvania Department of Environmental Protection
(DEP)

XTER[E/ M RUSJLINZT M

FREDERE (h73)-)

B K~DFE

X ik 4 R AR K ERICH T EHET—E T AT XBEIOEZE (The
Impact of Marcellus Gas Drilling on Rural Drinking Water
Supplies)

oYy -

M=

RUDVINZTMIZE T EHT—E2 5 A TORHK~NDFE

Iy

RUDIVNZTHNBHNDT—tE S AMEBIE DKFAFEREE LT, v—E 5 g
DHRAFHOBHBIEIZZDKEIZDODWTIT o RKBRBELRAEIZODVTHRE L= LKR—
FTHD, LER— FOBBRIEILUTOREY TH5,

i

RUVIVNZTTOH-HRAFDOIEEIX 185 EMLiTHhNTHEY . ThFETIZ 350,000
LI EDih - HRAFMEHI SN TS,

Y=t S AMED L T —ILRAKICLEDZKENRHALEXREDEEH L DEVTKEDK
NMEbhh, KEDTIANUNMELNEZZETHD., T IHILIZKBKFLEDAEEMEIC
DNTEHBEEIND1DND, HZEFETU.S. EPA TIFBEH Sh TN, RO
JLINZF7HIRIEE DEP) X750 F v )T THEODND T I HIIEOARERT L
[ZL7= (2011),

BEIC, 78—y I RAFIZHHKOREEEZRBZIDIEANDNH D LHTES.
TEGMAL LT, BFK. HDIVER/A WK ZFEOTEEEMNER SN2 EMN
Hd, Tz, THEYGMHALLITOHAZ OHAZANEWNMTKEBABETH L. K
[SHETRAAEAZVAZRANBEEZE TN OB L TEEOERAH S ELIERHINT
BY., INETITHTKICBEILIZAZ VARICEER, v U THREOBREBHN
WS OMRESNTEY., v—t 5 XH#gdITIALY Dimock Pa. MEH| (2009) £ EFEn
TWa,
RERVVILNAZTZOREDRHETIEI—E S AMBIZIHEWVKAFD AR U HRERE
NEFLTWAIZEEZhM>TWS (2011), RAEICEITHIEHIELEIIORN—R S A
VERBBBARVAADREN, BRBELN, HRAFEAICLLEDM, +2IZHE
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ATHhhTELY., BERLLVHBALMNTIIEL,

HEFEME

2010 . 2011 FEIZRUVIVNAZT RN DT —1 5 A B DO H R Fi < $ &K Ui

ND 233 DhEADKHAFEN S TY oL, AE Lz, RAERNEEZ 2 7z —XIHlT

TEELz, E7—XDOBMEIIUTDESY,

> 7x—X1:I—ES5ROHFHEMMNS 2,500 71— FLUAIZH D 48 HETDKFHF
FERRELT, ¥—E 5 AMISOBHEIMERRTRICKEZERIR L. 3 AFTOREHES
TH. BERS. BEAZVGEERT LT,

> 7x—X2:HiFHEHKY 5000 74— FURD 185 MhFTDKFFITHRIEK L.
Tt I AMBOBAEERDAKERIRLTHM LIz, A2, BRR, BHHL
. 7x—X1 LRAKDATEER LT

BRBE

g

> Zx—X1DETCOHUTNETSIVFr ) oT% 8 hALURNIZEREN, EE
BEHDSE 1MNETS0F ¥ ) 2% 70 BURICEIRSINATH Y., LLEREE
BOEIZEANHTOATWNS, 72— 2 DYV TIVIE, 259 F¥ )Y
#%2HBMn5 800 BULEEEHEIZRY, 55 6250730 F v ) o J% 6 AhALIA.
83%H 1 FELIRIZITHhNTH Y., 17THFHIE 1 FLLEZBRER, 3H 2% (F2HEL
EEBRICTHhNIT,

> 189 OKHFDHEHDIE, 2 TAAIVHRADER LTS Z EAFT-ICHERR
nr=HS, 19%E 1 mg/l LTFTHY . 2%A8 10 mg/1 LLE, 1%AY 20 mg/| LLETH -
Y, WITh3EE - ZEEOREZILEINTRLGERTH o1,

> SEOMBOKIE, Y. BRRE. RRRE. NUVLRE. EREGERE
HIEZEIZERT 2o NEMMIC—ROtTKEYEM 2 2A. ZOREIZDL
TIEBA LM TIEALY,

EERINITORER

> REHRRICKSE. K ANDIEEIEERTIOKAI M DM KBREROEEZ DG LD
TIEEABATHEY. RVHEENEN DI KRBEE. RWTAHY.,. IVHVEE
NEEZBATWV-, Cho[FBEDRELELULTWEIHERTH o=, F1=.
KHAFFHRAEDEZLLFIDOIEZERBE LTV W EdhhoT,

ERATRD D LLER

> BHMEEBRODTHEREMEAITHET LA, ARAFEEHLINE TSI F v
JDOTIZKBEEEIROONGEL 2Tz, WTNERFKOLEHEEICRBED ALY
HETHLIN, HFRBELELTEUTD 2 adtH o1,
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> BBAAVAR T—X 1 ORE BRADEERAHDIT LA ENEEE
FD 0.02 mg/I UTFTHoT=. XABODEROLENSIEA S VEE
DEZFLGEMEIROONT ., E—EEEA X VEREOLENAONT-EML
BEMEZEDRENLDELEDTHY ., 73 09F v IBRENALDOEMTIEE
RlFRonGhot=,

> RFR:—RICRREMHTK (REB) ICEEENGULL, #HEKDH D UITHEH
EBKIZCEFENDEOH., FRAEEDOIMIEED—DE L TLV =, EXAIHMTIE
WINELEFEBER 0.1 mg/| LT TH oA, EEERHAH CIEHIEREERSH
SOEBD 30%5& (5/16). BAMEES LUV ISV F v U TEEZTo1-8
EMoDFEBD 8% (2/26) TRHRMNEHMEIN-, RREENLEFR LM%
BERLE T SIOKAFEVNTAL RO SLLRBRUVILAZTOI—F
FADGIFHEMMNS 1,670 74— FLADHATH STz, LHAL. THDSH
6 i D EBHEZ DM [CERELGET LGN o1z, KEDOEEARD NI
T (R—E 5 ADHHFFEMM S 1,400 74— k) [TDOWTHEHKDREE
EPUTTHY . D2ITZIV9F Y )UTRTEBADS BICHERMLHBOH
EFELSAON, 10 MARICEER LB TEIRTORSNMEERIOHIE
[CE->TlLy=,

4 SO
ha affl

M- ITRAB DK 200D S BMEAZ D ARADNEMENTA. WThLEELNRET
HY. BLT, FABDEXFNOATRERIIBEDRAERBRERSCEDLEMN 2=, 1F
ENROAITHRRLBEN G XY —E S AMBEDEEDOHZEIC L HHMT/KOKEIZEEETR
bNEMN DT,
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[XHKEE : No. 3)

£A 2011 % 12 A
5l 32 he b B8 New York State Department of Environmental Conservation
SR E/ M New York State (Marcellus)

MEDEE (h7d)—) | HTKER TIVRATLEERR, KRFR. GHG HEH.
feRF. BEF. @k, NORM, HEED)

XER&FR Al - RAAARRICET 2REZEFMERHNTOIJ L,

Y=t RV T —ILOZTDMDIERBERARAEBRAEDHD
IKFHEAI R VKRB EKERZROLHEFATFEF1T (SGEIS on the
0il, Gas and Solution Mining Regulatory Program Well
Permit Issuance for Horizontal Drilling and High-Volume
Hydraulic Fracturing to Develop the Marcel lus Shale and

Other Low-Permeability Gas Reservoirs)

T IJYoH http://www2. epa. gov/sites/production/files/documents/h
f-report20121214. pdf#tpage=75

RS

Y—tSRICETEH 21— - MOBRESETMH

1992 FMMA ARKICET SIREFZEREE (GEIS) DHWETH®D FZ 7 + (dSGEIS) #HE
ETHY. RFBKEERE (309 Fv)2T) (1992 FRORELEELDILDLEL
2 TULV%, dSGEIS MERETIX 2008 R L YRR SN, T3V F v ) U IR EFf- M &
HIREEEMN, WOIBEEA (SEQRA : the State Environment Quality Review Act) %
Wm-IHRAET H=OICERESh, 2009 F 9 AICRITEINEAELZRABHICT+2TH-
F--OREMZRZEMLBERTEINI-LDTHS (2011 F9 A),

dSGEIS D E

2009 £ERR dSGEIS &HELTISVF YU U JICEAT HREZEML Iz, NEBIBSIELLL
TOEBYTHD.
B1E #B=E

> 2009 FhfR dSGEIS Mo DEE RN ER

B2E #HRINDTIVIY
B#. NG ERBLUVHEINLG ISV F v ) U ITEEDRRIZTONT
BEIE HEINLSERADEEIOLX
Za—3A—IOMITBEVWTISVFY I U T2ERT 2BBEELEERT HE. LB/BN
1992 SRy GEIS &okET&#he SCGEIS ZED K S ITFIASNEM., FICUTD TS
DFx ) ODTEEICHLTRET 2R AV b, SEQRA OERFEAZHE[MITOH

\4

\4
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o

S ITIUFX)UTREEN 2,000 T4 — FLUEDIGE

S ITIIVFYIUITRERED LR EBRFDOKAFEOEMEA 1,000 71— KLU
NDEZE

> EELGKBOBERANIBH S WVIEERNDS 500 71— LRI HEMERE
DiHE

< I, B, TRAD 150 74— FUAICHFHE M ZREDISS

> TEICEHTAILUBEEDAETHRKESZAL Z EATEHMES

¢ MHAMEA =21 —IT—VIREBERESL (NYCDEP) DEH 5T DKEHEEiEH
51,000 7 4 — FLIADIGE

Hh'E

1992 FEhR GEIS 2R SN A MBEFRICYI—E S ALV DFHSz—IL, Z=2—3

— 7 MOMEFE, NORM 8L U=—2—I—VMOBARHEDAZ U HRIZDONT

BEE L TULVS, 2009 iR dSGEIS M5 DEFERIXALY,

RKARARRARKETSVFY Y

T59Fx ) TELUVTILF /Ny FREIZHESERICDONT, RUDJ)LN=T

EMAOREDFERLED. F-LREZEML TS,

> RILFNAY FEEITERIAEMOEBIEL G5, MIAEMEZEREBEET S
HENGEL, 2R ELTRBEFLDLLLBILELTVSRN., 7309 Fv) Y
TJHEELBRICOVTHESIATHE Y., £LIFIZOVWTHHEFBELTIBULD
TAUF USSR =V U T RBEERMTITTLS,

> FEZOTZO—NYIIZDONT, ZTOE. B, VYAV ILELUVEELE(C
DVWTHEREL TS,

E6E REEE
> 1992 FhR GEIS DRI > TISTIF vV U JICKPRIEEEZHEL, 1E

TRESNTVWAINoREFZEICHT HERE - BMBEELHETTRICELD

b
~
A\

b
v o

60
REXE TOER RECEOFREMOERE L | Bl - BNEES L UTRESEE
DHER VBRI EE
KDO#HE | RKERTHTKS, | PEKEFBEHMKFEOHRT |»Z2—F—IMELVISF
IR 5 M ELK KELAIL REK2 MFEE | 21— RIS ORKT Y7

[CEELZVA, —BMICRLC | NTOI7Z9Fr )50
HIGERMSDORKIFEXRSA | Lk

areERyY 535, rEFELRKETYTEIUIEY
ETHORAARAHFR (v 7509 F v ) U IRKkE L | DBEEM - FHUTL EREM
*EE (LHBAER, B | V4AERAKLSBEYICERS | HRTOISIVFYIUIR
BER, RfmEthi, B | hWAAWEE. AR EITEA | BBLEORE

Bl. 259F% U2y | LKRIZEEZE525%, |"TELKREIVTELIVZED
fth) (1992 hfx GEIS THSFEA) B8 (500 74— FLIAN) TO
TILFNRY FEEIE & [»—ROULTEARZIHLYAE | BRELE2—ORENRE

g 790




VERBEDISVF v
>y

DRAEZEBENTHESINDT,
FYRELBRTELY 5%,

MHEAEIE & UHLFH
£iF

rFHOREMICHELH D
SE. T VT ERIFE A
VFUITARRERELYMT
KEFET DARMEND S,

» EkFREEA S 2,000 70—k
UNTODI7S9Fx )T
LEDRE
PODERELIEIFAEDOKFRFM
5 500 24— FLUATD IS
9F v ) UL

» IS F ) T RIEAOK S
[CEY 5 IRHATER

r =M (=0 y
IBE&EKIL)
rEEREDEILB LUK
BEHOERFL

BEKDILIE

PP TITMETHRESNT
BYERGATEGWESE
AbNBM, BKGEENEL
TREODBEIVE2 VI DR
AR BEICEERE
Y53

rEARKSIUVEMEEYLE(C
HNTDETIVFUITVRTLA
NEHIL

5ERE
FUHE
XY

I39FvIT

rERIB SV IS F YUY
THERICHESBHER. 1 >
T5EEN, ERMDTEK,
MAEICKYIES K VERK
BIcKERAEMERY 5D

»150 T—A—LLEDFHFH, 30
I—H—LEDFERDRAFEIC
X9 B ATRFDEHFIL

ETOARL—Y 3>

*NO, & PM2.5 DEEDET)
U EEMER LT,
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BI1E KR - BHEE
ERSHE,
B8E FAIFHE

> MHADHFAEICET SRBFHRESICOVTOEHRA,
FIFE RKREBFE
> SEQRAMEZE(Z&L Y dSGEIS (FRBEFRIFBH oG E LTS,

F1I0E RUVILNZTFTTRELEEHDODLE 21—
T—RRATAI2&Y dSGEIS [E=a2—F—IMITEVWTZEDLSLGURIEIZ
BESCRVVIN=ZFTTRELIZEHZELEL—T 5,
FENE F&H
> 1992 FMRGEISICK YRBESN BB ROMES L UVREZE L ZOERIEE (6
BE.TE) OFLH,
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[XEEE : No. 4]

R 2013 4 3 A

SRR FEATHE RS TCEQ : Texas Commission on Environmental Quality (F¥%4
ANRBERERER
TRRC : Texas Rail Road Commission (F¥HRAMKERZTEL)

XTRE/ M TXHZM
BIREDIERE (h73dY)—) |HhFRK, HWTFKOKEFRE. KEDEEL
X k& R =TI IT+—FIz—)LRARY T+ —REEE (Eagle Ford
Shale Task Force Report)
HxJYry http://www. rrc. state. tx. us/commissioners/porter/report
s/Eagle Ford_Task Force Report-0313. pdf
S

TERHRAMIZETEA =TI T4 — FRAFEICE DKREOKE~DEZE
TEHRADMARADIEN - BEFEEHH L, 120 FULERLGBEFE-TCE-HEFES
AL 2001 FISEK “TS9Fv)UTICERT S TIAINERART HHRA” #aml. BE
LEINOHABEEL TSN LEa2—LTLS,
BEZELAI VY IFT—HAELAOIAD 24 AEAIN—ETFTD “£A—TILT+— K
AEER" ZEXOVNENLGRELEROBREREEZTLHCLEHRETT 5128 2011 F(C
UbEFz, ERREKEFIUTOEBRIZOVWTHRFLTLEA, TXIHRMEIINFETH,
MARFAREZBBMICITo>TETH Y., HRLAGE - RAGEICLYBMESATEY . £X
BIZE Y = —ILBRIERRICHRHOA TS,
ERAIH
1275
KEEHLUKE
HEZE A
BFEFE
TJL7Y) T B LURKKER
BEEHE, AESLUVUHREE
. HutEE. MEEESIUOSAYY T4
CNODEERDBRFFTEDS L., REICEEDHD. KESLUVKEICHTHIFELY
[CTL7V T BELUVRIMEICET HFEEICONT, MEBELTIZET,
> KEHEEUKE
> ARAEETIXRI., £ETE. FICRBCSVTHROKBS LI UHTKESR
R9 5%, 2012 E0MOKFBFEIZES T58L (Bl AR, Bk, BA.
ZTOhEREDIFEN. K. RE) CTOKEREELED 1.6%BET . EH

® N> oA W =

g 820




EE (55.9%) BLUHEBOKFIA (26.9%) HALED 8 FILLLELEDHZ, &
%50 FOMEAZICOVTHLMBEOKFATIEMT 5 RAHANHHH. FLILT
DKF AITIRRHMEEH D UOITEAD L, 2050 F£121E 1. 3%hTMHITHELT D &
RAFhTLS,
> TISOFNYITICTKBKIZHT B —ARMEREILEL
hEH LUV TRKOBHE~DFE
EEDEKBLZEIZK BT KADFLEDES
TIANEEREMEEOME
ELTWLWAN, tDMARFHLERFEDOMTKERED-HDLELEIFDIL—ILE
FUMHDENDERDIL—IILTHRONEELTWVS, MATIZ7F v
DTRIEDT T ANBEORRADIL—ILEBERINS LIS,

S TEXHRAMNTOISVFYI2TE, FAMAELGHTKED 1 <1 ILLULESE
FEWEBICH L TIThhTE Y., 7379 Fv—mTKEIZCEL ZLIEEFE
AEBYZHBWEEZTEY., BEO0EBMI7ZZI9F ¥ ) U JICKBHTKD
FEOEFE 1 HlEHRE SN T,

< EOR. BEAKEA. HTEFE. ShREEDHMTADREDEAIZDOLTIE 1936
ENLRFSINhEY. EATEH-OIZIEIMNOFArDELLE D,

> LT7UIITBLEURKER

> 2TOHROBEKIFHAFSINATEY. 10 BZEX SMEEIZELKDOHFAH Y
BELlibd,

FFKEY FOBE, REVMEE. REMER. VYA VL EBEREEZEZRIFTLEZD
NBZEREETHHASATEY.,. ZTORICEIZESOHFANIBELL S, HifiDESD
EZEL. 2D 5DFEHRILMY ANDD, §ELBHELTLEL—, RADEHZTHo-TL
CTEZEHERELTLS,
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[XHKEE : No.5)

F£A 2009 &£ 4 B

X AR FEIT RS Environmental Protection Agency (EPA::KEIRIE{REM)
XTRE/ M U.S.A

MREDIERE (h73Y—) | KE., KK, Tis

X k& KEIZHETFTHIERD z—ILHREAHK GERg4A) Modern

Shale Gas Development In The United States

—-Regulatory Framework-)

xJYry http://fracfocus. org/sites/default/files/publications/s
hale_gas primer_2009. pdf

ME

KEDOFEM - ARABAERVAEEICHES FBIL. TTOAEICHLT, EB, M. #HT
BRELARNILOZERFCTOT S LOMAEDLEIZE>TREISATEY., Pz—ILHRD
MELIALDERFDOEREZZT5, TLT. ThoDERBHICEY ., BEI. £EMD
BENMETEZALT. AOBECRREEZRETI-HOERBELNRINA TS, £z, E
BICCAODERBEHIZKYRE)XIVMERIN, K, KR, THEADEBEZEHNER
ShTW3,

MO ATAFIE, RIEFRET (EPA) EOEMEEOHAI#R T, HMEOLREEES
BETED,

KE., REERULHFAICETIBEEZSOHR T, P x—ILH R - £EFHICHEE
THELERBEIILUTOELY TH S,

1. K&

(1) Clean Water Act (EPA)

- Dz — LA RYEH] - EEICHRDKOBEICEL T, FEMEOHKELEEZTED TS,
DI —)LARYEH] - £EEICRIKOMRADEZFLICEL TIE, FALBELINT
AV

(2) Safe Drinking Water Act (EPA)

VI )VAREEIZHES RAOHTEAICBE L TREZTo>TL S,

- UIC( “Underground Injection Control” ) AT S LIZELY . BIKDMTEREKEAD
FEACDONT, RE2GRKEANEBOEENEE SN, RFICHEDEALEAZIESH
TWa,

2. K%
(1) Clean Air Act (EPA)

0 840




- RREEMEOHEEEFREL TS (2L, BEMRATXIEHERMN) .

- MUADIEFFOEER - FERKBORAIBRoTEHEFI—HTHD,

- BEDFREYEICOVNTORERERMEL (7 nonattainment areas” ) IZHEWLVTIE, &
Yt LLWEEDIEFN RO 5N D,

(#5] : Dallas-Fort Worth # ¥ L B EERZER M 2B T % Barnett Shale Play)

- 2007 412 EPA IZ2& YEEFE St T=" Maximum Achievable Control Technology (MACT)
standard for hazardous air pollutants (HAP) “ [2HWTIE. BIERFED /NI
B (=LA RBEMEE) (CEATEICAEULGED HAP OIRELN S DHHEEEN
HESINTLS,

- FEERFRAEE L RERIE. FFAIEE( “Air permits” ) &I EMEE HIHEEZOEH
MEEEH) ISHS ZEAKRDLNTEY., Px—ILHRBREZELBELOHER (EY - £
[CEATETUOU%F) ICBL THAGENDIEFIREE LD,

3. *ifEA
(1) National Environmental Policy Act (EPA)
- EROLH ETORKE - £EICDONT. TORBEEZEEDHEMATZERL TS,

g 850




[SXHKEE : No. 6]

ZR 2012 4 12 B

XA FE TR Energy Resources Conservation Board (ERCB) Calgary Office
XTRE/ M AFE TILN—53

MEDHESE (h73U—) | HKEFE

X k% 5 ANT VI RIFO—1DOKEHEARE 16-27-068-10W6M

2011 £ 9 B 22 HOIRIILF—ERREZEROABTRE
(Caltex Energy Inc. Hydraulic Fracturing Incident
16-27-068-10W6M September 22, 2011 ERCB Investigation
Report)

oxJYYy http://aer. ca/documents/reports/IR_20121220 Caltex. pdf

ME

IRIILF—ERREELERES (LUT. TERCBI ) (. ¥5 Y RTL—1)—{HAT20114598
22-23H1(=Crew Energy Ltd. (ZJ)L—+ TF+P—KHKEH) 12k >TEIEFRI Shi=KEH
BHCRA2EHICEATAERAELAR—FERITLE. MEFLUTOEY,

1. E#ORHA

2011 Z£9 B 22 H. CrewEnergy Inc. (Crew#t) (&. Caltex HZ ELM 11-34-068-10W6M (3=
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5.2 mMEE

“Tight 0il & Shale Gas Water Management Canada”
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1 ooy teit4 JAPEX MONTNEY LTD.
2 RAMHELEESL BEHE. FNWE
3 Jaszv bE GA- ARAHESR) Pacific Northwest LNG Project
4 Javzsy cT Y7 Canada BC 1 North Montney
5 X4, LXEE #7700,000 T—H—
6 MNEE. RE Montney f&. 2, 000m+/-
7 MHH. BEIEE EEFOKFEH 107 K@ AR, FHHEH
ZEE 3, 500m+/-
8 EEL— - RtEESE
9 BT & BiE
10 | B - ARMEAZE (RiEREH)
11 Eil - EHTRAE
12 N T4 KR Prince Rupert Gas Transmission Pipeline
1) EBRE 1) 750km
)94 X 2)48in
3)EEA 3) 2Bcf/d +
13 | BR5E5E BEEHAFFTHAI—7y bAP/L TR
14 | 239Fx 71220 T
1) KR D EISENIK (BREFK) . KHFFHLFA
)ERTrIHANL
NKEBEMRURT—IH 3)1,500m, 8 X7—< x 3 Cluster
HI2S39Fr¥—KkS (RS) 4) #t 100m x 1& 400m DIFFAR
15 | 259F %Y OEOTIA—Ny | Aht=/KD 0%IBEN 42—
JKE (145H1=Y) 1,200m*/stage x 8stage x 0.3 = 2, 880m®
16 IS0 Fx)OTEOTIO—/NY A T4 LLIEE RS YFUTIZTE
7 KB E KEY b~NE[EN, T4L2Y) VT %REBH
RAEnsd,
17 | EARELTWSEEE. EAB | EALEEIL TLVEL,
(RE) LEAL—F
18 | 78—y U KBFRAKR EER 16 THLEEDRAY . IiFALLOTO—
Ny KIFIFEFERAEIND, BY (LER
L3R,
19 I50F% ) TDORERMEKICK | ARXL—4 (Progress/Petronas) @ HSE &
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NTHEY. TOERDIZHE > THHFTITHTT
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23 | RRRRI T2y FEBICHEVEET HETREED
Dl AR KBRS HERSERZEZEEL. Emergency
2) RIER S Response Plan #E&%E L Tl %, ERP [T >
3) K HExt it SO 2—ICHLEAMBIESN TS,
24 | JODY MIHEVT, BEICE | BEREICKBHROKENFKLELLEFEANT

W KEENRELE-EADNIE.
ZNIZTDOVWTEHZAT LY,
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HFEIT)TF 4y a0V ETMAEEIICEITS, P —ILHREARICOVTEME
[CEDE NBEHERELT-,

A7Ovzy kI, TFUVTavaan > EF7MHornRiver, Liard, Cordova Shale Gas
ExZRELTHRILEINT=, INPEX Gas British Columbia Ltd. #tA#A XL —% T S NEXEN
#HEBEXLTHY., ERAHRARTEROLEHE L NEXEN #HICHALTWLS, AR0E
. FEIBNToTHY ., DEBEOHRIFNNA TS5 o&ITELNTINS, NG & LTH
KITEDGHEE. INGBHEEMET/NA TS 0ZBHTEIKD, N1 T4 ORHITEINT
LoINEVNSEABLERATARELNHLIEDI ETHo 1=,

A UDEFEBIE, 38X EEHFE L (Muskwa, Otter Park, Evie) THd. ETBREZEE(L.
Horn River A%%9 2, 500m, Cordova A3%9 2, 000m [Zxf L. Liard (%95, 000m(Liard A% 5, 000m
ETHR>TWEDIFMRBIZL B1=8), HornRiver IZFFET % 3 SiRDHPTHE—RAFK L TL
BIMERTHY . 1 DOFEMMNS 1 ETH 20 XOHHANMELIN TS, HIHOEHIEIX
4,500 - 5, 000m TEEZEE 2, 500m, /KFXFE 1, 800-2, 500m TH 5,
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1 oz bEis INPEX Gas British Columbia Ltd.
2 RAMHELEESL YRR IEA
3 Joozxy ba Gl HRESR) Horn River, Liard, Cordova Shale Gas
4 Joozo b7 Jt 3 BC o Horn River, Liard, Cordova
Basins
5 X4, SEXMEE Horn River 90,000 T—H—
Liard 128,000 =T—H—
Cordova 82,000 T—H—
6 NRE, FE Muskwa, Otter Park, Evie ® 3 &
Horn River #9 2, 500m
Liard #5 5, 000m
Cordova %9 2, 000m
1 A, BEIRE NA
8 EEL— k- REt4EESE NA
9 BRI & NA
10 |- ARWEAHZE (KiwgehH) Field A TRiK - ME. Field NDE=EFT
S > b+ THi C0,, H,S SR
11 ‘il - EARFE N TS5 4 O TOEIE
12 | R4 T544KR
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)P4 X
3)BEA
13 BR5T5E NA
14 | 239F¥)JI2D0T
1) KR 1 HFRRAK, KHF
DFERTIHIL 2) /ML =158
NKEEBMRUVRT—OH 3)NA
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15 I239Fx)oBEOTIO—NY NA
PKE (ITimHf=Y)
16 I239Fx)oBEOTIAO—NY NA
KT E
17 | EAREBLTWSEEIX. EARE #9 600m)

(RE) EEAL—F

[EAE : Debolt B CGEE
L - NA

-
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21 | BXLOBGRES
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- ST RS FE D ERIK R ThERFEREAS R, 4 FHIT—E

Newsletter 179 5L EL TS,

23 | RAFFRIE

Dil, AR, KRS 1
2) RIERI IS A= S A et 2
3) K U=t It 3) Camp [ZHFHEE ZBCfi.
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BENDILTY —DFEHAICIELL0-60 BAHHELTEY ., BRAF T 2HHELTLEED
CETHo=, BMTHEROMBZIT-TEY . BBHLGEENSR NI,

55 ArT77LUARSM (9/25-26)

(HFFIZETDEEA MFAILNE&T T—ILARDKERE] (Tight 0il & Shale Gas Water
Management CANADA) H > 7T 7 L >RSI
Water Management &4 4 RILAMF(F N TULV=A, BIZEAKSLIO—/INy oI KEES N
BILIMNEWSEITTELS, KRZEZITKDDIN, TOHEEZE ST HDH, REIHEE
PTADERBAE, SRKICHE-H5RABTH 1=,
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[COVWTHMBFDOLFaL—2 3> & CAPP(Canadian Association of Petroleum
Producer) MER Y ROIZHE > TS EMNIFHRE S TUV =, AIOHEA S DERKIZCDWLTIE,
EEICHO CBUKFIRA SR TEY . SIS DWTIEINENSRIE 30 cmAEdH D &40,
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[No.1])

H¥%*xH Sep 25,2013

SEAT TIGHT OIL & SHALE GAS WATER MANAGEMENT CANADA 2013/10/09
RRE Brandy Faris

il Boann Ventures & Canbriam Energy , VP

24 ML REICh=%KETBE DB F (Developing Long-term Water

Plans) /KiE. I8, 20—y I DBIBEDKDSA 7Y
4 7 )LDEEIt (From sourcing, treatment and re-use of

flow back to optimize the water |ife cycle of operations)

M=

KPMG H X TFEU T4 LAR—F (2012F 10 A) [T&d &, THEPDOKREED 75%HVKHE
BIFEELERHLTLDD, ThoDEDEXRERANGKEBEARZELTWND] &
ShTWa,

> KODBEEIZIFEWS OADEESHY . BICHLVEBEASTONTE =,

> WIhOBEHEIRLIOCELGLLEL, RE - #x - BFEFHFITLIYEDS D
DTH5,

> CMETEELGDKOERTHASOH. EFPRAT—IRILI—OEDLAEML TL
Do

(EShBIELHEIDOM?)

> SHOBEEEDHD
IKIRDFER
BRI DR
TEOF-EKENRONEFTHD, KEEDEHE
AT—=YHRILET—LDOBEFROZREL
QAR MEHIFET AP TOEERRORE

(BEEFE IO RD)
> WEMEHE
IKIRDIRTE
KERUFERAER
JO—Ny I ELREOVHEN
> NERREER
EFR
KXZE, KXMEF, REERZM
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>

RAT—YRILT—DREZHE
WEITHIIA2TF
1) R 54
KR - BTRER - BR Y R & BEEE
SRR
AT—IRILE—
PNk
DLEMEFE (UTEEE)
ARERVFRDEEFE (BERUVITITVvIE4T)
WHEGKBEOHFALFHR (1 ERFOEIRLE 2 FU EORE)
AT—YHRILA—DRERZHE (HEERUEFE)
KIZHMBHIX A, FEBEFHEANICRE>TLENE SN

(BEEAFETOERQ)

>

>

1) R0 &M
AT—YHRILE—E DB
A3 a5 —3 3 UBERR
JKIR - BX Y &L & B F RS
AVISATUORELEREREOLEM
BEZRT
o+ X&#Ek
EHBEMOTHA UmE
EEXEROmE
BEMEESRUVRT—IRILE— DR

(B b=—> 12— )L TOEIAEER)

>

1) X DR

DHEREVRI)TEAA D MOFERICKY., BMEEETOD Y FOEBEXIBRIAR

Hond,

KRR . KRDHERNZRLARELHETH S, ZHURUVRAT—IRILE — &

FEHIRITAIREMEICE o T, KEORYPBEMAILIESN D,

Canbriam & Talisman [ZWilliston @A S. 2 KM 16in KiEZ3|I=, XETER
LTWL3, ZOHFA(X, 20 £E 10,000m*/d L— FDKEFEHETZSELDTH S,
BTE AR ERER - BARERBEIZHB TS 70—y oK, IREK. RUFDREEKD

MEHLBRELDYBRVDNEETH S,

BAAEZEN  BARAAZOREIZES T —ILFATOIZO—/1Ny I KD
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FADEXRIERVENIZEZEEDR/ME
> BEOREIL
REEDHFERE LT, KR, FFE. k. BAEARUVEZENDIR FR—X 54

VERDB,
KEBICLDELGRIICEIEELBREREDNI VRAZRDASET, AR MRE
ILOEREFEEZILIET %,
TAMEREMSHRKEREICHEITT S, X MEIBEOADER 2 —7 Y ~ %8
HICED D,

EREELT, KEEAX FEIRLITEDLTWED, COERELTE, #hd
DERKZAVDHREN—BFERELXEILIDTH S,

(F—HRA k)
> BEERODETOHOI—KRL—FURY
IKIR
70—y KDETE
> REICHOE->TERT S VI IOBEEY A XL
> WEBDENREZBOFHEMAORBEN2EIR ML EDHEBELR—RS (4 VDE
fiz
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[No. 2]

H*3%=H Sep 25,2013
REAW TIGHT OIL & SHALE GAS WATER MANAGEMENT CANADA 2013/10/09
RRE Steve Dunk
riE Progress Energy Environment & Regulatory Affairs Manager
24 RIL KFERBEBARZXIET IARREAZE T OIS LDOEHOD

BEKDOWESEHEDHEA ( Identifying Fresh Water
Requirements For A Large Development Program To Help

Develop A Withdrawal Strategy)

M=

TASLAIFC—hFEIE. TUT4vaa8 0E7ND/ —RE R=Z—&E, 7L
—AMDTF A —TR—XDEHFKET-o>TUS,

J—REVRZ—TIFE N T4 9T RAMINGICHELEEEZHERIRNCEREEZIT-
TW3,

J—REVIFZ—TR., TAVLRAHBEROELEEOREETHS, AREDES(Z
280-360md Y. 13,000 L EDIEHIOr— a UANRESNATE Y., 130 A ERIZEAI SN
T, 20-25 OEHEIY I FBThTHL, £E=(E 2billion ft°/d ZEEL TV S,

> FID (Final Investment Decision) [% 2014 E£NE 4 MM Hf

> 2012-2015 ASERAMER

> 2015-2018 A BAFERRE

> 2018 FZ 4 MYHAAYLNG First Cargo

(BY F=—D 5D BLEE)
> BEZFEE2 000m, Y—IT X7 — 25 350-650m (i TKEREDE)
>  JKFEEEEE 1, 500m
> REFTHAY 8RTFT—V  KERTF—UIN—=THL—Ta Y

e
> MEFRE
> HEFEKRUTIAO—/Nv I KORKEDF A
> HOARL—F2LOERFIA (EY b=—D4—2—5)L—7)
(T1) 7 TORR)

>  WEKE  600,000m/y

> 78—y RARIRE 35-45% (FRTHFA)

> HEEKOBARA  £ERENS 90 BREICEE SN KEFFA
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> 2012 FDIKIFEERE
49% J0—N\y Y /EEKOBEFA
16% BrmEi/k (Dugouts)
14% SEDIIK
20% Ef21+/K (Seasonal (rivers/dugouts))
> B
6in DIEFREICLY . hRY A O EDTIL/Ny FETOEKIAEE, Rk
[278—nN\y P KERRY A OO LY A bAES T & AEE
NIZKY, HFEZFLERL, KBEFXFL L. RE~NOEZELFD LT,
> HEEKOEE
JO—Ny D KEEEKEFTETAHAEY FET 25D TS,
200, 000m*® M BT AV AT RE
HFELEYMORAZHLET H5HFHEHY .
>  RAKDETEL (Dugouts)
1,300, 000m* D E 7K % BT ek Al e
EDERTKEITET %,

(FUT4vaanrE7M Water Act)
KOFMAIIZIE, N—Z 9 bELLLFETAIEVRADNBETH S, Water Act TIERD &SI
EEINhTWLS,

> Stream : RADKDFRARCKIR - . JIlL /DI, R, BER, Bihith

> Divert: KENDKZERITHIZES (BFRINBE)

> Water License (beneficial use FITFIR)

(Water Act Section8 : jZHARSIDFIFA)

> mARK24AHET

> EBMORZEMNBHE (Federal Fisheries Act and Navigable Waters Protection Act)

> SEHADOMEAEFEIIE. Ministry of Forests Lands and Natural Resource [Z& %,
J)T4vaan E7M®Moil and gas Commission & Water Act @ Section8
I2&E->TEELTWS,

(KALRIE)
> EE EHiEER

TaTLARNTY T4 w2230 ETMT 2012 FICERALE-EKER 286, 099m®
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[No. 3]

ik g Sep 25, 2013
REBEAT TIGHT OIL & SHALE GAS WATER MANAGEMENT CANADA 2013/10/09
HRE Eric Klotz
g ANDMIR, Advisor Petro China
24 ML BEEREEHME~DEEKOBEAICKS2EKEABDHIRE
( Reducing Fresh Water Consumption by Re-injecting
Produced Water Into Low Permeability Oil Reservoirs)

M=

X% (Petro China) (&, W< OO DEESEMHHITEEZRELTHEY. TIIZEATS
F=HDKNEBEZREFFRTH S,
(FEBDEKR)

> FHRHFE = 1um

» TSS (Total Suspended Solids) = 1ppm

> HWEAE = Sppm

(ANDMIRS R 7 Ls)

DGF (Dissolved Gas Flotation)| — -

(DGF : j&AfE 7 RiFH 0 Bt)

DGFIE. SHPEARZRMYRCEICL>TKESRILT D, BRI IO LR THDH, 7RI,
EATORENSEANERENSEZ ETITONS, BREShE-KKT. HNTEERK
L. FEMEZKOREIZENE. TNITE>THEESE S,

DGF1 =y FEEAIE, 600ppmTA > TEFRFDMEHEZ 10ppmEL FIZTE %, TSSIE20ppm
LTFIZTES,

(Z41L5—)
TaATFIVATAT I 4ILE—
> YAV TAILE—IZANDHIDOEF HiB
> EB#EOTSSIE < 5Smg/l
> EHOHEVEDELMHANNLDOD2EEE
T4IB )T FRE 10.0m/h

AO TSS = 15ppm
B < 10ppm
HO  TSS = 5.0ppm
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RAVAATATITAINE—
> [BAERTOEH 58

> VIO EBNMNEERDIEN S5 D
> BiAE#ETISSIE < 2mg/ |
> VI OREEEFAET, HERET S
> RAVBATATIAILE—DEEN
THAURZE V =10.0m/h
A0 TSS =< 5. 0ppm
b by < 5.0ppm
HA  TSS =< 2.0ppm
b by < 2.0ppm
PFE < 1.5um
(=)
> [RoeEN
fJRZE 0.15MPa
EURE = 90%
AODKE TSS =< 2.0ppm
M5 = 2.0ppm
FAFE = 1.5um
HOMDKE TSS < 1.0ppm
iR < 1.0ppm
AFE = 0.8um

(5F—ARAZ T4 Huan #7)

> EAKE 320-400m°/d
> ErEBEIKEE
#HEAEE  29. 32 MPa
gaFEAHA  20.9 MPa
EHFEE 151 %
FRBEE  37x10°m?
[Rim#EtE  3.43-5.74mPa - S (@50°C)
Wax&HZE 8.23 %
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WBHERIFIRR—ORDBY TH D,

= B HEaK W
TSS (ppm) <1.0 <200 <1.0
FLFE (um) <0. 8 5.0 <0.8
45 (ppm) <5.0 <100 <1.0
WAAEHE (ppm) <0.50 <2.8 <0.50
mE (°C) — 35~45 35~45

AT LIEBREROEREOKSF T

ABK DGFH B

T—RRBT 4R

FM2405 FILDEEENHE ST,
375,000 KL KALEE AAHIK S 1tz
FR75, 000m° DEKMEIR S 1t

4 LA —H0O

UL
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[No. 4]

it = Sep 25, 2013

REAW TIGHT OIL & SHALE GAS WATER MANAGEMENT CANADA 2013/10/09
RRE Vita Martez

[Zig=3 SAIT Project Lead and Senior Research Associate

24 ML DHAOIVEBFRZRRILT DKERBOEEKIEZE D

A—/\w K= (Produced Water Chemistry

Fracturing Assessing Source And Flow Back Water Chemistry

inHydroulic

For Maximizing Recycle And Reuse)

M=

1.0 KEBHEKDER

KEBBISE T 5KDOEREMER

KEWRIZE T BKOER

S
S
=
Ao

iii
Bo
&i
op

EA

Sk
H
?
S
F

4l

ERRIK DRERE & 72 S AT REtE

- JKOFIAE

- KDBIEAAIZ L BKE~ADEE

- B DHE

- HRIKPHTRADHKE G ETORRFICESD)

- WRKADERIZ K DI
- RMIKFEKBADT 507 RIEDTRA
- M RADHKBADTRA

Jo—nvy - £EK I::>

-

BEK LR &

o

ﬁ%@f%ﬁ‘ |::>

2.0 B/KER

(KD HEHR)

> KR, #EE. RAXER. BTE.

(KB #E)

- HhRIK, HTFKADH
- H A FOEFBERFN S DO KREA~DIRE
- AEYULEY FOEER., MSEE, RES

- HhRIK, HITFKADHEH
- BAKRUVERBEYOARELTNE
- BEOKEAIERF DB

b LIFEBRNSTSAY
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> GUHERI. KEMR. 75 v YRk, EREEK (Slick Water)

(KAL)

> HEK, 78—y KkOKNE GEERUFER

(KDEHE)

> KOREZE. BKEE, BFA

.0KE., 70—/ Y &HEFEK

(FKiR)

IEE BK (0m) EHTK (<600m) | R TFK (>600m)
(mg/1) (mg/1) (mg/1)

TSS <100 <250 >1000

p H 4.5-6.5 4.9-7.5 5.2-8.5

REEADIL L <25 <200 >1,000

TDS <1, 000 <4,000 H» 5 8,000 >15, 000 A5

*T 200,000 £T

(7a—/Nv49K)
> IDIVIREK: D59 IRKIE, EEZRET S-OBICH-TRBERCERT

AtRAZRET D=HIZEASND,

> 739 IORMEOTIO—NY Y EALERED S-500AERE N D,

INF & £ DHRE

i ERBEM EALGN 2 IGEEDIRRE

4 MIFEES A —DDBRE IS5V IREBEADLR

REF NI TI)TDORKHILE HEDOBREEO LR RUVEEDEM (B
BRIZTT/NY T TITE B HS HRFEHE)

BRI | BRERICLSEEDREMIL BRIk HEERBEDE L LMED

BERBAOH | Ry TEHICK DERDRED IS99 RVTEADLER

7IVIEH TONY FEEOHRE FERKEDEM (HXEYREA 30-50%
B DA RENME)

BGiEERE | INEEDOMRICKIDIERIILE | EBREOZE L MEM
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ERANERE
Emb T39I ~DERADEE —RRRRE

B (15% HC 1) gz 1500 to 2500 gal lons total
N T ) T IREH =M 0.0 to 0.001%
EEZE =M 0.01 to 0.025%

Rt B R =M 0. 005%

FhEH =M 0. 001%E&fEFADIZE 0. 2%
S EE A — AR, BICENTE 0.005 to 0.01%

7 ILAEH NATYVY RISV IDH 10 to 20 Ib/1000gal
Cross Linker (ZB#8H| : 3B | NA TV Y RIS voID— | BaHINVThLIEERE
ARRAR—X) BDIGFE

KCI1 (&IEHUDL) JI—)LTHEBFYFERS 2%

Nz

FILITL—h— TIVE R D A 0.01%

pH Zf Z& %l TILEREFDH 0.01%

R — UBRLEH] Fh 1 to 2 gallons/1000gal lons
#oaarta—)L EX (8 0.001 to 0.004%

(ZAa—n\y Y KkEE TDS DIERZEIL)

|Flawba-::k TDS and ‘ul'nlume|

250,000 - 7,000
Rapid Rapid increase
decrease in inTDS 1 &.000
200,000 volume '
./ \ r f + 5,000
< 150,000 |
E a
W
100,000
50,000
0

Days

Day
—4—TDS (mglL)
—a— Vol (bpd)
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()

EEKDFEEYME
EEEME BRIEEME
TSS (Total Suspended Solid) WA AR VBBEAR
BEERE G0y, HS, CH4
BEERE MARUTTY R

BAA 8 NUDL, ALDDL X
T 9L, ANAVFIL, AL,
FTRUDL, F

A5 — LR REFRELY)

B=4 42 B, Rie. REE. ER
BRiE. KBk, RiEM. F

AREBERU I/ —ILERY

NORM (Naturally Occurring Radioactive
Material BARRMSTEYNE)
(Ra226, Ra228)

RY<—, BERUVR7—)LE5IEH]

TDS (Total Dissolved Solids)

D25V EERDBFEMNITITOEN
[CRET 2 AHEBFOMEY

725V EEMRDZEY

Kig., 28—/N\y oK, £EEKDEE

(Source : Monteney 2012)

I5H Bf |BHRzaAEMEK | 28—y oK HEEK
Pl W AYFN mg/ | 5,316 21,000 52,900
h)oL mg/ | 270 424 1,000
Lo L mg/ | 458 2,590 2,510
RTH L mg/ | 137 282 474
IAURSFN mg/ | N/D 157 200
AbBUFIL mg/ | N/D 369 370
&% mg/ | Trace 15.7 17.8
1B mg/| 1,827 41, 487 22,699
BBy —4 mg/ | 1,479 272.5 12.6
Skl mg/| 1, 640 35.4 46. 2
H2S (@25°C) mg/ | 880. 4 N/D 34.08
B7ILh) kB mg/| N/R 223.33 628. 33
AT L

TDS mg/ | 17, 457 65, 952 140, 526

0 1250




p H 9.06

1.57 1.53

AP &T YR mg/ | N/D

189 221

4.0 —fRHO TS MIE) Bt &

(FKALE D B )
> WARVEBBFOERICEER

> ART—UFRLE— RIRE&ELRE

> KPEDFEEMEDNE

> EFEMOFERE

> RBEHOYHA )L, BEICHT HEMOENRUVBEEFNDR
—RRRAMIRE %
I5H 20—y /EEKDE | TS VIRKICBHRELGEE

E3]
TSS (mg/ 1) 100-500 <100
FIFE (um) E <1
DS (mg/1) 50, 000-150, 000+ <50, 000
BEES&T YR (mg/l) ~300 <30
EMcE£E (mg/l) 100-1000+ <10
HS (mg/1) E 0
WE®W  (cell/ml) 106-10° <10
7o vy RREE (mg/l) HARTE 3 DX <250 <100
5075 vy 0EBKRKDIYAII)L/1)1—R
AT R
RET LHMHEE IEIEDER

NOTYT BRI, B
SS (Suspended Sol ids) BEHIRRE. 5B, BiEoH. EXUEMN. Hydroclone
Y BRUENT, B
WE (R7—ILFEELOT ) | LR, EXE,
BREERY DS) AF R, BRE, KR
mE B

UE
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[No. 5]

%A Sep 25,2013

REBAW TIGHT OIL & SHALE GAS WATER MANAGEMENT CANADA 2013/10/09
HRE Tekla Taylor

FilES Golder Associates US Energy Services Leader

24 ML KEBORAHWRURIANGYRCERTHEEZTET 51

HDLIaL—avETILOEA (Applying Simulation
Modeling Tools To Evaluate The Short And Long-Term
Logistical And Capital Planning Aspects of Water

Management)

M=

KEEBICEHT 5. 5 REDEAZBERVREFEZFMT 50D aL—>3avE
FILDEA

BALFIvHo3ab—avEldE. LTOETILTH D,

> [FEOEHIER (LEAFIRXFPURY) OFE
> REMICET2EBERZERT 200, BLGS5F T a 004
> RESNLES. FE. HFOEXMEDRE

IBELFDOKNSURETIL
TR BT, EEXRENDFEE
AHIEB

> KE=

> MEREE

> BPKE

> I THEA

BRENMEAZRBELLZBEAXEETIL
> EEAH- RSO ITO—NILEEE LTOEEKSFAIZILETIL
> HiRIK. K. HEKEEOHT-KIE
> ik FS YT vs A TSA VDT
> BRE: REWNE, BRIA. UM IILIZOVTOITA ITHA4 U )LaR FEEKER
£ i & O 5T ifh
(BEFTVFITHT H5—RETIL)
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HEPGEEDTRN

YV V V V

ooy MERERE
iR EA. KR, KOFAAE. BEHEDF T 3 v ERAKEICT S
KEBZLKODEEDTFRZETS
KEDA T a VEFES 5
FEICERE =8N
IKALE & BT D E S
iR
HEEKA T 3 DT
IKAREE DB
BT
iR

BEA T3y WMEBERLIT-HDODIRIAL

R

»

YV V V V

PREEFE (X EREIE
FTRTNAT
TRTES v

NA TS Sy Y
A5\ VAT )

DRTLTTOA—F : ARTA4—ILREDSA THA I ILIZEDE-2EDKEE
VATLMNTES

a3a=4H—ay: lARF—LOOKEEBREAADIEFRIEZE

D VAEE : KEBOFVAEZRET S, VJRIA—XT7TO—F & What-If
BREIC T HEREERET S

> IKIRD AT E

OR FHED K UVYR

KNBOBHEMN

B A/ REOFE

EFIEEDEZE

YV V V V

UL
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[No. 6]

H*3%=H Sep 25,2013

REAW TIGHT OIL & SHALE GAS WATER MANAGEMENT CANADA 2013/10/09

REKE Shannon Flint

g Assistant Deputy Minister -Policy Division, AER

24 ML BEEHLIERRARLBEREZHRT H-0HIZ, HidShi:-
BEREBEVATLOFENDHAZE (Examining The Benefits of
an Integrated Resources Management System To Ensure
Responsible Resource Development and Environmental
Conservation )

B
L3g5

> TIN—FDETNWERIE, BRGRE. BRCHIEHET S
> TLNR—BENFTEIHMADEBEDRREEN L. FILN—FHREDRADFERER
BRRELTHYRITAIEZHERIZT B,

PRER

> TFTILN—=BDAEIZ, HI-IHEINE-EBREEBEVRATLEED, ChiFEEHS
BROMRLREZHEREICT S0, REEELAHDRLZHIHNETTSIED

THDo

(ESN-EREHE)

72+ IRM ( Intregrated Resources Management) MiBRZMDH ?
> BEMNGRBREREE AOEMD

YV V V VY

GERT BICIFMETRE)

BAERONEBROEEOLEM
PHERUVRT—I RILFT—DFEEDATREN
MEICHT DRNELE
BEREEZEDDI-ODHESA LV ADERK

> HMAEEINEEFUHAIRILEF—BEREERFC AT A

Y V V V

(2 DDOEFDIREE)

BAERONERRITHIET 5= DAL EER
LHEABZICEICREEZ4VIVIVATA

N— b F—PRT—=IRLT— L& DRELZRE R
BT E D <. B, REl. BROMHLGRE
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YV V V V

IRNDF—LHBE1TRTYT

—DOEMM., FEICAVHEALBEZR>TL D,
AMROEDaVICkDAESNI-7TO—F

hiREGDH. KRR, iRk, KE. £EYEHREOERZRET

(IRM > R 7 L-B5EEI8)

>
>

Ml EtE c A==V GO - —XE R L=, BERHGHREBERERET S
ERRE  BROMRMILGKIEZRE L. REEECLANREDLHDFIRERH
L. ZEXBEZELT LS ETHRERET S

RIREZSU VT EBDORREEL. A— T TEHAUAT . PREFAL
FEBETEC, BREAT A 7EHEMT AT, MESKEHFICEIIVRATLA
BRERMT S

(Mot 5T D)

»

>
>
>
>

BREICEEEZSZDIRNTORAEFDZRHET S

D1 £ 50 FRDETEHAR T, SFEH A VILTEHT S
WAHICEFNOIRREZHAEICED D

RRZERT H-ODEIEEFAERZRAEICT S
TR T EREDHEEHAEIZT S

(FRESNT=581LEtE : EDKDITERL =)

>
>
>

2010 FRIEZ RY T+ —RADEMMRES NI
REEDIRIE-HIMDECEER - 2011 &£ 5 AIZAF
CIEEDHEFEZMESETLD

(BRY 7+ —ADEEEIE)

>

YV V V V V

BUREBEH ORI

EROBB, AR, AANLY 2R, ARICEAT 52— D ORGHEKEZES
POVRFIEZAFEICT S

JROTERAVNEEBOT7 TO—FEHEICT S
NIAF—IVREETEL. VRATLOREERGEMIZITS

WE EDEREHRET DA N=XLEHESD

(BUREEEBHER - 2012 F£RIHIF)

>
>

RARERICET DR, MR, FROMEERLT S
RIERE LR EGAODREZEDREERAT S
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> RIRELBERZEADREEOROBERREEET S

(BETEHITRILX—FRE)
> TIN—ZAIRI)NF—BEFEMEILROB. TR, T4ILY 2 K, BROBH
WEeEELT S
> CHIFMIZL-EETHY . TIAN—2BUHFEIFEFRL LD
CERRIE. MERAECH LEOKEZED LD TIEAL
> EDER  DENTRETHFLBRBICERELEZZILA—2NOIRIILTF—ER
DRFEERES 5.

\4

(7 ILIA—B T2 )LX—3RE)

> HEOMRLRE
AVTIATORADER
YA FORELERE~ADEEDER
=iE, BEyl. FAEDER
BEEREER
HiEE B 5%

Y V V V V

(ERBEEIEA)
> HREIBOREIL., ERFEEIZHES 50, ERCB (Energy Resources Conservation Board)
IRIILF—DFIEICEES 5T & REFICEE SN S, ERCB (XA, ARR X
NoDHEEEZSISH#C
> REDADMEIX. HTLWEEDEREZRNT, 201346 A 17T BIZHE S =,
BEED A HE AN
IR1F;E4% (EPEA, Water Act, Public Lands Act, Part8 Mines & Minerals Act)
1B A D £ 15 7E D & 8%
> ZROMESNI-HREET 201456 A

(FKFR | DHERE)
> ARRI[ZBIEHANDID
IKED AR
Rl R EX ~ D EPEA DFR ]
LEERBICEFTE0 T34 T VR ERITES
> ESRD/GoAIZF% 5L D
BURICEEET KD
th EFERDOBRBEADY & TOHIEETE
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(FZILN—=F TRILF—BIZ & HREDHRHEIE)
> KEBRBERICNT HHKEREMRES X T L Directive 59)
> 730 Fx )T REOHMEIOLEATEHRE (Directive 59 & FracFocus, ca)
> MTOEEHE, E7OBVVMTKOREZHERT S-OICRIEEINE-ES
(Directive 83)
> FEERBOZEBAFOHAA (RF) - B - FREREEOHF LV JO0—F

(BRED KB DERHEA)
> KOHEEHERA
FTARTOLFAH - HRBHCHTE2EBI 4 —ILFTOEADBDEIKE
BE 53 BUR D R B
LERBETCOMTEMAAA K54 DK (EERIGE, BEIE. KE
WRE. ALY Rl
> HTFKKEDRE
KEBREEDEICHERAR—IXSA4 VKOMHFTRA FOBHEEERT S
> Mg OB R
WEEZHHR— b B-ODRRUELH 1=, MBI ZHENT BHICHT S
EEDADOHBDOHMEA
RT—IHRILT—EDFX— L LHFHMBE DK EAIEEICT 5120,
2014/2015 [CERITEXFEIC#E D
Kk
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[No. 7]

H*3%=H Sep 26,2013
REAW TIGHT OIL & SHALE GAS WATER MANAGEMENT CANADA 2013/10/09
REKE mark—-taylor
g A Junior Producer Perspective - Mosaic Energy
24 RIL FRAETKEBOERZELTOSI A XADHM#E
( Maintaining Social License to Operate Through
Implementation of a Sustainable Water Strategy:)

M=

> EYAIITFO—HITONT
BRF I - Redwater Viking, Gilby Glauc, Edson/Carrot Creek and Jayar
RAEDHFEIED-HICKERZEBERL—EIZTT 597 TH5ARZEZREALTYL
%,
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g Strategic West Energy Ltd.
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Secure Water For Hydraulic Fracturing Operations:)
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o4 —< 3> (Pinpointing Optimal Locations For Water
Withdrawal In Deep Aquifers To Alleviate Strains On

Surface Water Resources:)
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24 ML AL METANEST—ILARABARDIZDDKIEEE
(Outlining Source Water Selection Policy For Tight 0Oil
And Shale Gas Production To Maintain Compliance:)
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24 RV WIKIRTFZR O HOD . EHH TR ARG KEEEDEIT
(Implementing Innovative And Sustainable Water
Strategies To Reduce The Dependency On Fresh Water. :)
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RRE Scott Meakin

[ Corporate Responsibility

Canadian Association of Petroleum Producers
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B L (Earning and Maintaining Social License for
the Upstream 0il and Gas Sector
Through Common Understanding. :)
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RRE Patricia Etris

i Manager, Community Relations and Investment
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Development Concerns Through Understanding Public

Perception. @)
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CleanSuite™ Technologies
Solutions for the Environment

23rd July 2013
Hiroyuki Hashimoto
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At Halliburton, solving customer
safe and healthy. You can find more safety tips at www.halliburton.com/HSE.

challenges is second only to keeping everyone

Safety Moment Subject suggested by: Dean Bird, Halliburton Employee HALLIBUHTQN
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New Drilling Technologies Shake Up Global Market Pennsylvania blowout fuels fracking fears
Part 4: Is Drilling a Threat to Idyllic Landscape?
‘Who Will Want to Live Here Anymore?’ uplm
'We H to A Questions’ - . . .
¢ EEI b Frack and ruin: the rise of hydraulic fracturing
T Telegraph.couk
Shale gas 'worse than coal’ for climate [B]B]C] Fracking on public radar
Technique is controversial but not new
TimasCall.com

Fracking regulations could ease public concerns:
White House REUTERS

Shale gas drilling likely to be banned in France @

Obama Forms Panel to Improve

Fracking Safety AMETCAN- Environmental groups host hearing on 'fracking'

washingtonexaminercom

EPA Starts Work on Diesel Fracking Guidance
Ehe New Pork Times .
Farmers say 'no fracking way'
Hundreds Rally in Albany to Protect New Malf-Guardian. .

York's Water & Communities from Fracking
w#DISPATCH
s : .
© 2011 HALLIBURTON. ALL RIGHTS RESERVED. circa Apnl 2011 HALLIHUHTQN

STI—I)ILARADHFFEMN
SERT HETOIATE

4
©2011 HALLIBURTON. ALL RIGHTS RESERVED. HALLIBURTOMN

g 175 0



Interactive Fracturing 101

Hydraulic Fracturing Diagram

WOLSE OVER HOTSPOTS
. o ‘\ FOR DETAILS
STEP 1/ Drilling Rig is Constructed { Approximataly 3 doys}

=SV DEFIEA T ERES B,

mHIYY

201 3 Halliburtan. All Rights Reserved. Home | Halliburton.com | Product Index | Privacy Policy | Legal | Contact Us

©2011 HALLIBURTON. ALL RIGHTS RESERVED.

Interactive Fracturing 101

Hydraulic Fracturing Diagram

d1Er1

Vertical Drilling Phase taprsanaisy 14 eyl

wed  Heme | Halibwlon.com | Froducl index | Privacy Palicy | Legal | Conlac Us
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Interactive Fracturing 101

Hydraulic Fracturing Diagram

Empire

a-pe0 R
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l 2 il
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STCP 3 /0 Dnlhing Continues

Impermeahle Rock Fermatian S — LB I1£1600m B
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BA ML BB D E
WERPVIIEHRH S,

Shale reck formalions bypically reside mon than a mila
Ll e saril's surlace, isolatmd Brom waler bearing

slrats above by thousands of Teel and millions of ons ol
solid, impermeable nock

Heme | Hallibwrlon.com | Preduct indlex | Privacy Policy | Legal | Conlaci Us
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Interactive Fracturing 101

Hydraulic Fracturing Diagram

100-600 ft
S 1000 fi

3000 ft.

1 Mile

600G fi.

2 Miles

Halliburton: All Righ

©2011 HALLIBURTON. ALL RIGHTS RESERVED.

sTEP4 /) Kick Off Point |Approximately 500 ft- sbove shale formation, G000 ft balow the surface)

FVIATRAUE S2—)LEDLI50mELEM DS
KFIHBY AL O IR EBITIRD B,

d. Home | Halliburton.com | Product Index | Privacy Policy | Legal | Contact Us
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g 177 0O



Interactive Fracturing 101

Hydraulic Fracturing Diagram

Buiiing
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1 E— T
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0 30 3 Hallurton Al Righls Hesemad
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Interactive Fracturing 101

Hydraulic Fracturing Diagram
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Parforating the Well
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Interactive Fracturing 101

Hydraulic Fracturing Diagram

eTer 1 Camplation Phags [Appeeatmmuty 1 - 10 dea)

W,  DziAvR. KEVD
-1 = = o
e e ®
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I ey
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Interactive Fracturing 101

Hydraulic Fracturing Diagram
stere . Fracturing of Shale Farmation
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Interactive Fracturing 101 il '@

Hydraulic Fracturing Diagram

STER 3 Hydrocarbons Released

KAAR: TZ9H

Empire ! /
o , fERRISTIHIL TR
1355 3 féhf:fﬁ\ 9&%73»
AD—=THL—3
1 r— A00-BE0 1L VEBLTRATL

T ELGED

auem fL

akea 1t

& Wi
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Interactive Fracturing 101

Hydraulic Fracturing Diagram

ser 10/ Reclaimed Well Site
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Better for the
environment and for
your production
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Fluidin _ N e Fluid Flow Ellic-out

12 ft
Fig. 4—Slot-flow model schematic.
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DY—2V AT VFEAaAF DT ET4—

Clean5tim Fracturing Fluid Regain Conductivity with Breakers u 2% KCI before wet gas
1Ib/f2 Ottawa Sand between Ohio Sandstone Cores; 2000 psi Closure Stress

120 COwetgas

02% KCI after wet gas

100D

n

4% Regaln Sonductivity

125 b Ch

1.5 b Ch CRE S5 Ch LT | 90k Ck MT | 108 Ch HT | 1gal Ch AT
A0 CleanWWG 400 CleanWG A0 B CleanWG 60 b CleanWG 60 b CleaniWG 60 b CleanWG 60 b CleanWG
120F 120°F 120°F 140F 160"F 180'F 200°F

Results confirmed by Stimlab conductivity testing
24
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United States Fainted Relief
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'. -Offshore

*North Sea
*Shale Gas/Oill
Germany
*Poland

HALLIBURTOMN
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Frac Tanks
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Transmittance = 52.3%
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— {ELEE S

(Poor Transmittance)
—28—/\wHKIZ
BENDTIL
)
" ATFUR
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Photo 1 — >108 Aerobic cfu/mL — Control

Photo 2 — 102 Aerobic cfu/mL — after 40mJ/cm? UV

Photo 3 — >108 Anaerobic SRB cfu/mL— Control

JUV—VRMY—L RHAGREBFY—F

100 \\\J'
N\

80
z \ \y
£.0 N\ AN
£ AN\
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2 EZE &0
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100%

UV Transmittance (T,%) a
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EX A EKEE

Electrocoagulation Capabilities:

Electrocoagulation

Suspended
Materials Bacteria

L J
Heavy Total
EES Petroleum

iy
5%

SCHOTEE

HALLIBURTOMN
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i mEFD/N)IN— A=y

. *Personnel: 1 Sup. + 2 Field Hands

*Power 150 kVVA Generator

Hydrochloric Acid
0.02 — 0.1 gal/bbl of water

treated

40
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(a) (b) (c)

(a) ECIREBZITIRIDKY T,
(b) EBZT DK T,
(c) ZDESLICIEDH DAV TIRERSE . TDRSBLI-DD
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H)—ohr—TJH—EX

(a) (b)

(a) Before treatment (b) after treatment.

HALLIBURTOMN

H—2rz—T H—ER

HALLIBURTON

CleanWave*
Water Treatment
Service
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T2AVEEDRT

Water Soluble lons

- (mgf) : : imiﬁl ETRY )

0 :# =
K+ (mg/l) . o EREELTHELELD
Mg 2+ (mg/l) ‘
Ca2t (mg/l)

Sr2+ (mgl) ! =&

BHEDH

Ba2+ (mgfh I5voShIL
Fe2+ (mg/l) B
Cl- (mgll) 153,000
e} 42- [Ge) 0
Alkalinity (maf) 76 %fil';:; iZv]

. i
TDS (Measured) (mg/l) 252,000 . EEERYT—
Calc. Density (STP) (g/ml) N5 7
pH, measured (STP) pH 6.05

N O l ' n Ifo rm It Changes from: Field to Field,
Well to Well, Early vs Late

45
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py—z—7 @R - WADTF EEKYUTIL
Water Analysis (Desoto Parish)

Sample Influent Effluent
Specific gravity 1.081 1.080
pH 6.096 7.237
Temperature(°C) 23 23
lonic Strength 2.245 2.207
TOC 357.800 311.800
Hydroxide(mpL) nd nd
Carbonate(mpL) nd nd
Bicarbonate(mpL) 168 107
Chloride(mpL) 70,063 69,569
Sulfate(mpL) nd nd
Calcium(mpL) 7784 7171
Magnesium(mpL) 593 481
Barium(mpL) 2175 2006
Strontium(mpL) 2718 2691
Total Iron(mpL) 114 0.67
Aluminum(mpL) 4.33 3.21
Boron(mpL) 99.1 91.2
Potassium(mpL) 832 829
Sodium(mpL) 30,950 32,180
TSS(mpL) 1,024 0
TDS(mpL) 117,000 116,000

© 2011 HALLIBURTON. ALL RIGHTS RESERVED. il HALLIH I.l HTnN

J)—rpx—T LAT7Ik
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= SPE 146832

Environmentally Focused Crosslinked-Gel System Results in High
Retained Proppant-Pack Conductuvity

= SPE 147206

Fracturing Fluid Comprised of Components Sourced Solely from
the Food Industry Provides Superior Proppant Transport.

= SPE 153867

An Environmental Solution to Help Reduce Freshwater Demands
and Minimize Chemical Use.

= SPE 149445

Case History: Challenges Using Ultraviolet Light Control Bacteria
in Marcellus Completions

51
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Thank you
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 Lower 48 states shale plays
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» George P. Mitchell pioneered new technology to extract gas from shale,
combined with hydraulic fracturing and horizontal well in 2002.

» The production from shale gas increased in 2005.
» The production from shale oil increased in 2009.

2013/7/23 IS TYLH L (5FL) 4

O 2010



*
m

[CHETBT—ILAAMILEF

? ;l 100,
®Eaghe Ford g i
T i
0 Bakken . _u'\x...‘_\
1B
Grarite Wash Eagle Ford o j_
18 R i -
14 ibishng e
12 » eroudond MhhusuGiAsannAAbuARMBABG G
i ke ol I E N e E N E N RN N PSRN E R Y
08 s Sprabarm
i o 160 16
Hnm
140 A 14
o — 12
EE / A 108
00 / y N S w0 A\ IVENY.. W, s
2000 2002 2004 008 008 Wi 2 i \ 7 = 3
S 60 - ~ A 6 I
[ ] AN\
40 WA VN 4
20 20094F 2
0 0
Jan-2006 Jan-2008 Jan-2010 Jan-2012
2013/7/23 IVoZTIVT B (DRER) 5
~ —
KEIZH I— LA AMILE
160 14
140 4 .—-\:/;1 L 1
120 I L 10
5 100 e ——r o
a Ll o Lol =t L 8
§ 80 - A /J W T ) g
S 60 - \ n\ o E
40 8 [ EPYREEL 3 i nli -4
\ - =
" vl 2
0 0
2006 2008 2010 2012 2014 2016 2018 2020 2022
2011
3
Permian Basin
2008 208 2020 2025 2030 2035 2040
2013/7/23 IVCZTFIVITHBER (RS 6

0 202 O




e Shale

Shale O&G in the World

Oil Development

— Technically recoverable shale oil resources is
estimated to be 335 billion barrels in 2013 by EIA.
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Shale O&G in the World

* Shale Basin

Technically Recoverable Shale Gas

2013/7/23

Technically Recoverable Shale Oil Resources

Resources
(TCF)
1 US. 1,161
2 China 1,115
3 Argentine 802
4 Algeria 707
5 Canada 573
6 Mexico 545
7 Australia 437
8 South Africa 390
9 Russia 285
10 Brazil 245
11 Others 1,535
Total 7,795

IVOZTITHE (RS

(Billion bbls)

1 Russia 75
2 US. 48
3 China 32
4 Argentine 27
5 Libya 26
6 Venezuela 13
7 Mexico 13
8 Pakistan 9
9 Canada 9
10 Indonesia 8
11 Others 75
Total 335

8
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Shale O&G in the World

« Shale Oil Development
- oé,.fﬁ&:b\ ;“:'ﬂé% I:I:I 'I:'\tl-’—c million barrels per day

Fﬁﬁ%h‘ﬁi’\o 10 .ﬁ.umfalia mChina
« Infrastructure o| miake  mConadn
. Unitesd States
» Service Contractors .
« Significant Technical Innovation 4 4
— 2010F KB F M., fthithiz :
THLRHEINVED, o e
2000 2010 2020 2030
2013/7/23 IVCZT7IUTBE (DRE) 9

Environmental Issues

« 2011

— Fracturing fluid contamination in drinking water
— Methane gas in drinking water

« 2013

— Water Supply and Disposal
— Water Recycling
— Well integrity

2013/7/23 IVOZTITHRE (SRS 10
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Fracturing Fluid

Average Hydraulc Fracturing Fluid Composition for US Shale Plays

Gellond
aixN

Source: Frogfodce date Awgesl L2
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Water Supply

 Fracturing Water
—50,000~100,000 bbl (8,000~ 16,000KL)
— 2,500~50,000 bbl/stage (400~ 800KL)

 Regional Water Stress gy

13%
Low

7% Low to Medium
5% Acid
Medium to High
High
28% H Extremely High

2013/7/23 IVOZT7ITHRE(BESR) 13

Water Recycling

* Flow-back Recycling

— Blending wastewater with freshwater
 Low cost, but well plugging potentials

— Physical, Chemical, Biological, Membrane
» More Expensive, required pre-treatment

— More advanced methods

« State Regulations
— Pennsylvania, Texas, Colorado, Utah,
— Louisiana, Illinois, Ohio, Oklahoma, Wyoming

2013/7/23 IVOZTITHRE (SRS 14
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Well Integrity

« Multiple layers of steel
pipe and cementing

— Provide barriers to
protect shallow
aquifers

* The well extends far
below surface

— There are many layers
of impervious rock
between shallow
aquifers and target
shale layers

gﬂﬂ;ﬁng ensures

2013/7/23 IVOZT7ITHRE(BESR) 15

EPA Study

Looking Forward: From This Report to the Next

~
Rt Science Individual Draft fﬁi; Final
Advisory Reports Report of Report of
Report Board and Papers Results Bo;é:i;'weer Results
3

Technical Roundtables and Workshops,

Public Webinars 2014 * 2016

WS R

e e L ]

- ki,
v o mer walt o -ty

g ] Pt sty ot P L P
g g Wy b Ty Foam 171 0P, w0
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Litigation

 Four Categories
— Contamination / Tort Lawsuits

— Citizen Environmental Action
* Industry Challenge Lawsuits

— Infrastructure-related Lawsuits
— Traditional Oil and Gas issues

2013/7/23 IUOZTIVTHBE(DRER)

17

Shale-Related Litigation

« Early groundwater contamination suits were not well-
supported in law or fact.

» Consequently, fewer tort suits based on groundwater
contamination have been filed.

« Litigation emphasis has shifted away from torts based
on groundwater to four other areas:
— Tort actions alleging more general issues

— Regulatory suits brought by environmental or industrial
groups

— Lawsuits related to infrastructure needed to support
hydraulic fracturing

— Uncertainty of oil and gas rules

2013/7/23 IVOZTITHRE (SRS

18
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Contamination / Tort Lawsuits

CANADA

Piceance Basin

Antero Resources
i - W" T\;Lq PT ) |l-' e
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Shale-Related Litigations

Court dismissed plaintiff’s claims with prejudices after plaintiffs
failed to present any significant causation evidences (May 9, 2012)

— Strudel vs. Antero Resources Corp.

Tort claims against companies performing energy exploration and
production, including hydraulic fracturing but Courts denied
motions for MCMO

— Kamuck vs. Shell Energy Holdings
— Roth vs. Cabot Oil and Gas Corp.
— Managan vs. Landmark 4 LLC
— Boggs vs. Landmark 4 LLC
Seismic Activity Allegation
— Hearn vs. BHP Billiton Petroleum (Arkansas) Inc.

— Scientific studies have been conducted but no connection between
hydraulic fracturing and earthquakes has been established.

2013/7/23 IVOZTIVTHE (HRE) 20
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Citizen/Environmental Action &
Industry Challenge Lawsuits

» Generally

— Seek court to enforce compliance
with environmental regulations

* Industry Compliance

— Permitting
* Air Emissions
» Water waste disposal

» Government Compliance Catskill Citizens
— Environmental impact statements
— Mandatory public participation

Pennknvironment

CLEAN WATER

éACTION O @

2013/7/23 IVOZT7ITHRE(BESR) 21

Infrastructure-Related Lawsuits

« Significant infrastructure and assets
are necessary to support shale I ———r

development.

* Pipelines and other large-scale
projects can result in lawsuits related
to land-use and powers of eminent
domain.

— Keystone Pipeline

* President Obama made it clear that he
won't approve the Keystone XL pipeline if
it harms the climate. That's why it's
critical that the president bases his
decision on the correct information.

— CrossTex NGL Pipeline

2013/7/23 IVOZTITHRE (SRS 22
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PadiEHll INDPEX

Advantages Disadvantages

» Minimize footprint » Directional control
(environment and cost from top
benefits)

(increase cost)
» Minimize wellhead spacing

(less rig move & batch

drilling beco?available)
{
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Water Source INPEX
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Debolt/Z INPEX
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Unconventional Resources |

s T Managemgmstf';gggiéﬁhn&ﬁﬁventional Plays
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et i Communications Manager — Schlumberger K.K.

Schiumberger

Agenda

= Emerging Shale Gas is the Unconventional E&P
= Water Challenges

= Water Management Aspect

= Understanding Fracturing Fluid

= Conclusion
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E&P industry faces increasing technical challenges to
replace diminishing conventional resources
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E&P industry faces increasing technical challenges to
replace diminishing conventional resources
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Variety of Shale Gas Fields

m Shale is diverse and
complicated.

m Both reservoir characteristics

Conventional

and well characteristics are s
important.

Marcellus

Eaglaford

m Improving efficiency in every
level is a key to success.

ajgng sefisquinyas

m Required technology is case
by case.

m Adopting the best technology
enables to improve
productivity, efficiency,
resulting economical success.

Economic success = Securing productivity

RQ + CQ = $ Economic Success
Defining Reservoir Quality (RQ)
= Qil/Gasin place
= Porosity
= Permeability
= TOC and Maturation
= Pore Pressure

Defining Completion Quality (CQ)

= Fracture Containment (anisotropy, in-situ stress)
® Rock mechanics (surface area per reservoir voiume)
= Ability to retain surface area L%
® Fracture conductivity EL
® Fluid sensitivity k5

R e —
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Approach by technology integration - “More with Less”

Mara Knowledge More Pay Zone Mare Resarvoir More Recovery
Less Uncertainty Less Rig Time Contact Less Waste
- Seismic sweet spots - Longer laterals, faster Less Environmental - Manage fracturing and
- Advancedmodeling | - Enhance hole quality Impact produced water
- Definareservoirand | - Kay formation data = Wall integrity = Manitor recovery and
completion quallty from cutlingsand mud |~ Engineer placement Intarventions
- Green chemistry = Maxmize recovery
— Rediice plimping & job

Water Challenges

10
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Water Challenges
BN Produced Water

Water Treatment

= Large quantities of produced | | +Large water volumes to frac

water * Need to re-use/dispose flowback

= Need fo re-usefdispose water and produced water

produced water = Comply with regulations 1]

= Comply with regulations || = Minimize transportation Clean Water Injection:
«The recovered oil can pay for || +Availability of water at the right bk b el
the project place at the right time ¥ E‘;‘:I‘f" A u:d y ;g
=Generally, large treatment

plants required ‘

Close Loop System

1

Unconventional plays Water Management - a holistic
approach
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Understanding the Aspects of Water Management

m  Water Sourcing:
—  Municipal
—  Water wells: shallow and deep
— Ponds, Streams and Rivers
—  Produced Water
— Gea Water
®  Environment:
— Concem about depletion of reservoirs
— Impacts on aquatic life
—  Footprint
—  Drinking water supply (drought)
m  Transporiation:
- Number of trucks on the road 2,000 m? =
100 trucks
- High tendency to pipe the system
m  Water Storage:
- Use of ponds, impoundments, frac tanks
- Temporary and re-usable above ground
tanks
m  Regulations:
- Ultimate drivers for permits of water
sourcing
- Dictate discharge criteria

Recycling Produced Water in Unconventional Plays
= New advances in frac fluid systems
allow the utilization of waters other than
fresh sources

= Ability to use brackish ground water

= Maximize produced water reuse -
minimize dependence on freshwater

= \Minimize overall environmental impact

14
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Understanding Water Quality Drivers

Focus: Develop water quality treatment specifications based on
actual frac fluid chemistry — not legacy requirements
= Economics drives operational choices

= Minimalist approach to water treatment
= Gives best opportunity for water reuse

Primary Reuse Options: Driven by water quality requirements at
the next frac

= What Drives these requirements?
= Sole Driver - FRAC FLUID PERFORMANCE

Goal: Understand the water quality requirements and their
impacts on different frac fluid systems and at what levels?

15

Fracturing Fluid Systems

Slickwater - SW

Linear Gel

Cross-linked Gel - XL

18
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Slickwater Fluids - Drag Reduction

Pressure in a 0.5" Pipe vs. Rate

70.00

60.00

50.00

40.00

el
30,00 &iﬂ"

e
?\}‘ Goal w/ Friction
Reducers

psil/ft

Rate (L/min)

17

Linear Gel Hydration

= Linear Gel requires a moderate pH (6-8 is ideal) to ensure proper
and rapid hydration

= Guar is largely insensitive to salt concentrations

= Cross-linker (Aluminum, Boron, Titanium, Zirconium, etc.) levels
should remain low (Boron < 10 ppm) to minimize the risk of
accidental x-link in the event of an unexpected pH increase

0 243 0O



Cross-linked Fluid Systems

= Consistent water quality is KEY to preparing a good x-linked
borate fluid

= |[n addition to placing the proppant downhole, consider what
impact the salt may have on scaling tendencies within the
proppant pack or production lines

= Frac fluid compatibility testing is
mandatory whenever water
quality is pushing the water
quality requirement envelope

18

Engineered for Purpose — Overcoming Water
Challenges for Frac

= Slickwater chemistry is dependent on TDS (Total Dissolved Solids)
and fluid temperature:
= Focus: Choose the right Friction Reducer
= Linear Gels tolerant to high TDS and hardness concentrations
= Focus: Keep pH between 6-8
= Control cross-link additives concentration
= Cross-Linked Gels are tolerant to High TDS
= Focus: Reduction of Multivalent cations (hardness ions: Ca, Mg,
Fe, Sr) and bacteria
= Maintain pH control to avoid cross-linking at wrong interval
LAB TESTING at district lab before the frac operation is key to ensure
success!

20
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Approach: Recycling Produced Water in
Unconventional Plays

1. Field Layout: General Logistics of Field Operations

2. Water Characterization: Sampling and Analysis

3. Fluid Requirements: Water Quality Specifications

*_:i— 4. Treatment Design: “Fit for Purpose”
e )

o 5. Bench Scale Study: Compatibility Tests

“ 6. Pilot Project: Full Scale Development

Treatment Design: “Fit for Purpose”

Organics
Removal

Inorganics
Removal

Cabons

Impact on Fines damage Prematurely o Environmental
i uid Scale up of ' Issues
Frac in propant breaking the _ |
: pack and plug fluid and gel Instability propant pack, Disposal,
Operations Gal Stability . Discharge
T Vertical - -
; i i Dissalved Air ) Reverse
i Hofna Mgefﬂd: E Flotation & Chemical Osmosis,
Technologies Filters, 0 _ o Procitation b
Multimedia Cl02, Organic Organophilic ket
Fillers, EC (Ghute, Quats) Clays

22
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Filtration: Overview

Sock/Bag Filters

. * Filters suspended solids
mmmrm * Accommodates micron cutpoints

*  of 0.5 to 100 microns

= Recovers 99.9% of feed water

* Minimizes energy consumption

« Allows for high mobility - 24' enclosed goose

neck trailer

« Mo special fransporiation permits

« Small footprint - 35' x 12'

+ Rig up time: 2 hours

fremeistn
meSrons:

Backwashable Media Filters

= Automates renewal of media

* Reduces waste, less bags to landfil

« Removes a first cut of solids

+ Limited by potential for breakthrough; barrier
filration typically follows

23

Filtration: Success Story

2010 Marcellus Water *g,_, e :

Filtration Operations " g 5
=2.07 M Bbls filtered on s;(""w‘ e =]
mobile central sites --m "-"-f' =1

*Operators 100% re- "'"*P =
usingthewaterforfrac . me 0 o .
operations oty i
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Disinfection: Overview

Operational Highlights

*MIOX provides environmentally benign disinfectant - + “ + i -

: *drinking water" oxidants
BURPNY  iced Oants
(Bl | Chiorine Dioxide /% Mixed Oxidant Solution (MOS) generated on site by

T passing dilute sodium chioride solution through an
Isﬂf.;_ﬂ.mm FEAlOCE ;;hxmmemmat cell

*Sodium Chloride brine made of food grade salt
r 180,000 bid

MOS generated onsite for "on-the-fly” treatment for
pump rates of up to 110bbl/min

* Mabile
>Haal—time monitoring of residual disinfectant-
ensure bactenial kill, real time QA/QC

*Proven technology with long history of use in
industrial and civil applications

*Compatible with frac fluid additives

Disinfection: Success Story

2011 Fayetteville Water

Disinfection Operations

+ Treatment of Surface Pits for bacterial control and water
reuse

* 2.4 |og reduction in aerobic and anaerobic bacteria count
resulting with <100 CFU/mL

=  (Oxidation of Iron and Sulphates

2011 Barnett Water Disinfection ARET
' Treatment
Operations
* “On-the-fiy" disinfection of over 180,000bbls
for 3 wells

* Bacterial kill to non detect for aerobic and
anaerobic bacteria

= Zeroimpact on frac operations or frac fluid performance

26
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Organics Removal: Free & Dispersed Phase

7

Inorganics Removal: Overview

= Chemical precipitation and
filtration of heavy metals,
hardness and total suspended
solids (TSS)

EE Price depends on influent &
' specifications for reuse
- Low energy consumption
Highly mabile - transported by
- - 18 wheeler frucks
EE Foolprint requirement 120" x
120

= Rigged up and treating fluid
within 5 hours

= Adaptable to changes in feed
water chemistry

= Recovers 99% of feed water
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Inorganics Removal: Success Story

Water Reclamation Operation Nov 2010 -
2011

The M- SWACO Frac Water Reclamation System was successfully utilized
to process and reclaim over 11,200 m® of contaminated fluld for an operaior
in Sichuan Province, China. The reclaimed fluid was made available for the
following frac operation resulting in considerable reduction of disposal and
fluid make up costs.

Turbidity (NTU)

160,00

1a0.00
L20.00
L0 00
BO0.00
Iron - Total (ppm) 2500 1 I
20.0:0

0.00

00 Ayorage Avorage
4000 Contaminaled  Treated
¥0.00 Tanks
X000 A
1000

0

000

Summary and Conclusions

Frac fluid chemistry drives water quality requirements
Early planning is the key for project success; balancing costs:

= Frac fluids formulations
= Water treatment process

Proper treatment design is necessary to guarantee the quality of the

water to be delivered
» Minimalist approach for water treatment

Lab testing is required to ensure performance of any frac fluid

formulation

Water reuse is an option without having to go to freshwater

= Chlorides (TDS) are not an issue
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