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DOE EIA

5

2012 1 i(2-1)

 

EIA ii(2-2)

41 137 2,870

580

6,634 cf 1,161 cf

BP iii(2-3) 2012

16,689 6,614 cf 20

120
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2.1  

2007

2.1.1 2.1.2

2007

2007

2007

2008

2009 2010

EIA 2006

2.7Bcfd 27 cf/ 2013 29Bcfd 10

2000 2 2012

40  

 

EIA ,  

(http://www.eia.gov/pub/oil_gas/natural_gas/analysis_publications/maps/maps.htm) 
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EIA http://www.eia.gov/naturalgas/weekly/#tabs-prices-1  
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Antrim (MI, IN, & OH) Bakken (ND)
Woodford (OK) Barnett (TX)
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Rest of US 'shale'
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EIA http://www.eia.gov/todayinenergy/detail.cfm?id=13451  

2.1.3  

 

LNG

LNG

iv(2-1-1)

 

IEA

2011 World Energy Outlook WEO ”Are 

we entering a golden age of gas?”v(2-1-2) 2012

WEO ”Golden rules for a golden age of gas”vi(2-1-3)

2011 3
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” ”

 

IEA

 

2.2  

EIA 2011 4 vii(2-7)

2013 6 (2-2)

2.2.1 41 137

ARI 2.2.1 7,795 cf TRR

 

 

 
(2-2) 

2.2.1  
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2.2.1  

(2-2) 

 

Gas In-Place GIP

GIP TRR

 

TRR 1,161 cf 1,115 cf

802 cf 707 cf 573 cf 545

cf 437 cf 390 cf 285 cf 245

cf 10 167 cf 148 cf

137 cf 128 cf 122 cf 105

cf 100 cf
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2.3  

 
 
2.3.1  

5 20,240m2: 2.5

500 1,000 (2,024,000 4,047,000m2)

1

50 65

2009 1

8 12 2012

 

5,000 9,000 1,500 3,000m

3,000 10,000 1,000 3,300m 2.3.1

“Sail Angle” 1

15 30

1
viii(2-3-1)
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2.3.2  

3 4 24

30 60 10 20m  

200 500 60 150m

16 20

700 1,200 200 400m

11-3/4 13-3/8

2 9

 

2.3.1 
Outreach and Research website  

17 
 

－ 17 －



1,000  5,000 (300 1,500m)

8-5/8 9-5/8

5-1/2  

 

 
2.3.2 (AOGR, May 2012)

 
2.3.2  

ix(2-3-2) 2.3.3  
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2.3.3 PIOGA  

 

1 300

600

 

1  " " 

 " " 

25  

 

x(2-3-3) 2.3.4

2.3.5  
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2.3.4 (Chesapeake Energy) 
 

20 25 %

90%
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2.3.3  

xi(2-3-4) 2.3.6  
 

 

2.3.5 
 

(AOGR, 2012) 
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2.3.4  
“ ”

NGLs

2.3.7 NGLs
xii

 
 

NGLs Refrigeration Cryogenic

3 NGLs

99%

2.3.6 A
B Go Marcellus Shale.com  
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15%

NGLs 85%

90%

100%

NGLs

NGLs  

 

NGLs

 

2.3.7 Markwest  
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2.4  

 

2.4.1  

 

 

2.4.1.1 xiii Sublette Jonah gas 

energy field 64km2

 

 
2.4.1.1 Jonah gas energy field  

 

Multi-Well Pads

1

Mults-Well Pads
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1/10

2.4.1.2

1 2.3

Multi-Well Pads

2005 2011 2,350

2.47

6.7  

 

2.4.1.2 Multi-Well Pads
xiv 

 

2.4.2  

Multi-Well Pads
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IFC

(PS6)

 

 

 

IFC

 

 

2.4.3  

 

20 30

2009 2012 24%

84% xv(2-4-3)
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xvi(2-4-4)

 

 

24

BMP(Best Management 

Practices)

BMP
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2.4.4  

0.5 2.0

 

 

 

 

Safe Drinking 

Water Act(SDWA)

Clean Water Act

CWA  

EPA 2009

2011

2012 12 4 No.10

2016  
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4 No.1  

 

 

 

API

 

 

 

 

2.4.5 xviiixvii(2-4-5), (2-4-6), xix(2-4-7) 

1 250~2,300 m3

3,400 30,000 m3

 

2.4.5.1

 

2011 1 380 m3
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300m

 

5 50%

20%

 

2011

 

LPG

 

 

2.4.5.1  

 
,  L / GJ 

 

 
 

3 - 12  
 

 4 - 11 ,  
 7 - 29 ,  

) 
47 - 115  

 
 29 - 50  

 
 

29 - 69  
 

 29 - 72  
 40 - 93  
 79 - 201 /  

 98 - 245 /  
 

 
147 - 216  

/  
 (EOR) 76  

 > 9000  
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2.4.6  
Earthquakes, Seismic Events

Microseismic

0

2011 3

 

 

Induced Earthquakes, Induced Seismic Events

 

 

Induced Seismicity 1920

1938

 

 

3
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10

2010

NRC; National Research Council

14 2012 6  

 

 

 

 

 

 

 

 

 

 

2.4.7 NORM 
(NORM)

 ( ) NORM  

Technologically Enhanced TENORM TENORM

(

TBG )  

NORM NORM
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NORM NORM

NORM

NORM

NORM  

 

2.4.8  

 

1) 

NOx VOC

 

2)  

3) 

 

4) 

VOC BTEX  

 

VOC EPA

2012 4 Clean Air Act 2015 
xx(2-4-8) 2015 1

2.4.8.1 RECs Reduced Emission Completions

 

RECs VOC

2000 2000 2009

REC 200MMcf 218,000MMcf

$7/Mcf 15 $ xxi RECs

50 $ 12 $ $3/Mcf

6 2.4.8.2 RECs 2.4.8.3 RECs
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2.4.8.1 RECs Reduced Emission Completions xxii 

 

2.4.8.2 RECs Reduced Emission Completions  
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2.4.8.3 RECs Reduced Emission Completions  

 

2.4.9  
IPCC 5 1 xxiii 2-4-11

CO2

CH4 N2O 80

 

 

1 25

35 
 

－ 35 －



 

 

EDF

9 Anadarko Petroleum Corporation BG Group plc Chevron Encana Oil & Gas 

(USA) Inc., Pioneer Natural Resources Company SWEPI LP (Shell) Southwestern Energy

Talisman Energy USA XTO Energy ExxonMobil 
xxiv 2-4-12 2013 9

190

99

RECs

2013 4 EPA 2011

97

EPA 30%

40%  2013 9 2014

2 EDF Anadarko Petroleum 

Corporation BG Group plc Chevron Encana Oil & Gas (USA) Inc Pioneer Natural 

Resources Company SWEPI LP (Shell) Southwestern Energy  XTO Energy

1 2  

 

EPA 2012 4

2015 RECs
xxv 2-4-13 EPA

40 100 170
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2.5  

10

EPA

2.5.1

 

2.5.1  

 

   
 

 

 

 

 

 
 

 
 

TDS  

  

 
 

 
 

VOCs
 

RECs  
VOC  
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2.4.4

2.4.5

 

 

2.5.1 xxviixxvi(2-5-1), (2-5-2) 
Flowback Ongoing 

Produced water 2.5.1

 

 
 2.5.1 Flowback Ongoing Produced water 

 

Produced water  

Produced water  

(1)  

(2)  

(3)  

(4)  

(1) (2)

(3)

Marcellus

2010
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(4)

 

Produced water

 

 

2.5.2 Produced Water  
Produced water 3  

(1)  

(2) TSS Total Suspended Solid  

(3) TDS Total Dissolved Solid  

(1)

(2)

(3)

 

(3) Produced water

NORM : Naturally Occurring Radioactive Material Produced 

water

Produced water

 

3 4  

(1)  

(2)  

(3) TOC : Total Organic Carbon  

(4)  

Produced water

Produced water
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2.5.3 Produced Water  
Produced water 2.5.2

 

 
2.5.2 Produced water  

 

Produced water

Produced 

water

2.5.3 2.5.4  

 

2.5.3 Produced water TDS  
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2.5.4 Produced water  
 

2.5.3 TDS

2.5.4

TDS Marcellus

2.5.3 Produced water Produced 

water

 

Pennsylvania Marcellus Shale 2.5.2 Produced 

water 2.5.3  

 

2.5.2  Pennsylvania Marcellus Shale  
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2.5.3 Produced water  

 
 

 

Produced water 2.5.4

3 4 Produced water

Langelier Saturation Index
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2.5.4 Produced water LSI  

Produced water

2.5.5 Flowback
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2.5.5 Produced water  

 

Produced water

 

Produced water  

 

2.5.4 Produced Water  
Blue Tech Insight Report Produced water Primary Treatment

Secondary Treatment 2.5.6  
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2.5.6 Produced water  
 

Secondary Treatment TDS

2.5.7  
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2.5.7 Secondary Treatment TDS  

 

Produced 

water 3  

 

Produced water

TVR : Thermal Vapor Recompression

MVR : Mechanical Vapor Recompression  

 

RO  : Reverse Osmosis Produced water

45,000 ppm RO

35,000 ppm  

RO RO

MF UF

 

 

Produced water

 

 

 

 

[Fountain Quail ] 

Fountain Quail Aqua-Pure

Produced water 2004

Barnett Produced water 2008 4

570 91 80 % 450

71.5 Barnett Produced water

760~950  / 80 85 %

Marcellus 75~80 % Fayetteville 95 %
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2.5.8 Fountain Quail 2.5.9

 

 

2.5.8 Fountain Quail  
 

 
2.5.9 Fountain Quail  
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2.5.8 Feed Produced water

Separator

Produced water

 

[Veolia Water Solutions & Technologies Oil & Gas ] 

Veolia Water Solutions & Technologies Oil & Gas Veolia

 

 

2.5.10 Veolia ZLD : Zero Liquid Discharge  

 
2.5.10 Veolia ZLD  

 

ZLD Veolia HPD 2.5.10

 

(1) NaCl CaCl  

(2)  

(3)  

Foutain Quail (2)
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Marcellus Produced water 95 %

 

 

2.5.11 Veolia OPUS Optimized Pretreatment and Unique Separation

2.5.12 OPUS  

 

 
2.5.11 Veolia OPUS  

 

 
2.5.12 Veolia OPUS  

 

OPUS Veolia N.A. Water Systems

chemical softening

pH

 

 

2.5.10 2.5.12 Produced water
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MULTIFLO  

2.5.13 MULTIFLO 2.5.14

Ca,Mg,Ba,Sr,Fe,Mn

2.5.5

5,000 25,000 / 795 4,000 / 4 2010 11

Marcellus Produced water

 

 

 
2.5.13 Veolia MULTIFLO  

 

 
2.5.14 Veolia MULTIFLO  
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2.5.5 MULTIFLO  

 

 

[Superior Well Services ] 
Superior Well Services

 

(1) pH  

(2) Ba,Sr,Ca  

(3) Fe2+ Fe3+  

(4)  

(5)  

2.5.6

Produced water

Produced water
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2.5.6 Superior Well Services  

 

 

Marcellus Cabot Oil & Gas Produced 

water  

 
[Ozone Technologies Group Kerfoot Technologies ] 

Ozone Technologies Group Kerfoot Technologies NANOZOX

Produced water NANOZOX

Ozone Technologies Group 10 ~100 380~3800 /

Produced water
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[PPC(Process Plants Corporation) ] 

PPC 95 %

TSS 99.05 %

Produced water

2.5.15  

 
2.5.15 PPC  

 

2.5.5  Produced water  
Veolia Siemens

GE Cameron Produced water Market share

2.5.7  
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2.5.7  

 

 

Produced water

2.5.8

Primary Treatment

Produced water Secondary 

Treatment TDS

Secondary Treatment
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2.5.8 Produced water  
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FracFocus（http://fracfocus.org）
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23rd July 2013
Hiroyuki Hashimoto

CleanSuite™ Technologies
Solutions for the Environment

©  2012 H allibur ton. All r ig hts  reserved.

At Halliburton, solving customer challenges is second only to keeping everyone 
safe and healthy. You can find more safety tips at www.halliburton.com/HSE.

Safety Moment Subject suggested by:  Dean Bird, Halliburton Employee
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circa April 2011
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30-250m
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1600m
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150m
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300m-3000m
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10-
100
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• “ ” “ ”
•

• CFR21 Title 21 Code of Federal 
Regulations -

•
CFR21

• 200F
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“ ”
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WG

E 90-150F

CRE 120-150F

LT     120-140F

MT    140-160F

HT    160-175F

XT     175-225F
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“
”

•
•
•

•
•
•
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3658mm 762mm 19mm
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Results confirmed by Stimlab conductivity testing
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•

•
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–
–
–
–
–

–
– ( 4% NaCl)
–
–
–
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( )
( )

– 5182m ; 3658m 

39 
414 
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Interest also in N. Sea, Canada and CBM (Europe and Australia)

•Offshore
•North Sea

•Shale Gas/Oil
•Germany
•Poland
•Hungary

30
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31

•

•

DNA DNA
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Photo 1 – >108 Aerobic cfu/mL – Control

Photo 2 – 103 Aerobic cfu/mL – after 40mJ/cm2 UV

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

Photo 4 – Undetectable Anaerobic SRB cfu/mL – after 40mJ/cm2 UV

Transmittance = 52.3%
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–
Poor Transmittance

–

–
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2011
780 2.06 B gal
1170 309,000 gal

38
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Electrocoagulation Capabilities:

Electrocoagulation

Electroflotation

Suspended 
Materials

Total 
Petroleum 

Hydrocarbons

Heavy 
Metals

Bacteria

40
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:

•Personnel:  1 Sup. + 2 Field Hands

•Power : 150 kVA Generator

•Chemicals: Sodium Hydroxide; 
Hydrochloric Acid
0.02 – 0.1 gal/bbl of water 
treated
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(a)                                        (b)                                          (c) 

(a)  EC
(b)
(c)  
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(a) (b) 

(a) Before treatment (b) after treatment. 
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21

Na + (mg/l) 61,40010,960 40

K + (mg/l) 2,273192 7

Mg 2+ (mg/l) 1,690199 25

Ca 2+ (mg/l) 20,100630 37

Sr 2+ (mg/l) 5,049107 1

Ba 2+ (mg/l) 65749 0

Fe2+ (mg/l) 685 0

Cl - (mg/l) 153,00019,400 47

SO 4
2- (mg/l) 034 118

Alkalinity (mg/l) 761,010 162
TDS (Measured) (mg/l) 252,00033,300 440
Calc. Density (STP) (g/ml) 1.1571.020 0.997
pH, measured (STP) pH 6.057.92 7.41

Changes from:  Field to Field, 
Well to Well, Early vs LateNoUniformity

•
•

•
•
•

•
•

Water Soluble Ions

46
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•
•

: 
•
•
•

•
•
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–

Sample Influent Effluent
Specific gravity 1.081 1.080
pH 6.096 7.237
Temperature(°C) 23 23
Ionic 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

Water Analysis (Desoto Parish)
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• 19 US

• 2011
• 378 1 B gal

•
• 378 1 B gal

• 21

50
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2 May 2011

50
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378

1136

22 7
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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

52
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Thank you
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1.
2.

1.
2.

2013/7/23 2
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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 4
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Shale O&G in the World

• Shale Oil Development
– Technically recoverable shale oil resources is 

estimated to be 335 billion barrels in 2013 by EIA.

2013/7/23 7

Shale O&G in the World

• Shale Basin

2013/7/23 8

Technically Recoverable Shale Gas 
Resources Technically Recoverable Shale Oil Resources

(TCF) (Billion bbls)

1 U.S. 1,161 1 Russia 75

2 China 1,115 2 U.S. 48

3 Argentine 802 3 China 32

4 Algeria 707 4 Argentine 27

5 Canada 573 5 Libya 26

6 Mexico 545 6 Venezuela 13

7 Australia 437 7 Mexico 13

8 South Africa 390 8 Pakistan 9

9 Russia 285 9 Canada 9

10 Brazil 245 10 Indonesia 8

11 Others 1,535 11 Others 75

Total 7,795 Total 335
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Shale O&G in the World

• Shale Oil Development
–

• Infrastructure
• Service Contractors
• Significant Technical Innovation

– 2010

2013/7/23 9

Environmental Issues

2013/7/23 10

• 2011
– Fracturing fluid contamination in drinking water
– Methane gas in drinking water

• 2013
– Water Supply and Disposal
– Water Recycling
– Well integrity
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Fracturing Fluid

2013/7/23 11

Disclosure Rules

2013/7/23 12
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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

2013/7/23 13

13%

7%

5%

28%
6%

41%

Low

Low to Medium

Acid

Medium to High

High

Extremely High

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 14

- 206 -
－ 206 －



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

2013/7/23 15

EPA Study

2013/7/23 16

2014 2016
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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 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 18
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Contamination / Tort Lawsuits

2013/7/23 19

Marcellus Shale
Chesapeake
Antero Resources
Cabot O&G
Southwestern Energy
Landmark 4
WPX Energy
Anschutz Exploration

Fayetteville Shale
BHP Billiton
Southwestern Energy
Frontier Gas

Barnett Shale
Chesapeake
Range Resources
Encana
Devon

Piceance Basin
Antero Resources

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 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
– Environmental impact statements
– Mandatory public participation

2013/7/23 21

Infrastructure-Related Lawsuits
• Significant infrastructure and assets 

are necessary to support shale 
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 22
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•
•

–
–
–

• EPA Study 2016

–
–
–

• 2015
–
–

2013/7/23 23
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Agenda

2013/9/9
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1
• 60
• 40

–
– 45.09% JOGMEC44.89% 10.02%

2
•
• 1,000 km

2013/9/9

2013/9/9
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2013/9/9

Source CAPP Web Source NEXEN Web
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Pad
Advantages

Minimize footprint
(environment and cost 
benefits)
Minimize wellhead spacing
(less rig move & batch 
drilling become available)

Disadvantages
Directional control 
from top
(increase cost)

2013/9/9

Negative Build Drilling

Shale layer (reservoir)
2013/9/9

Source NEXEN
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•
•

2013/9/9

Source NEXEN

2013/9/9
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2013/9/9

• Horn River
•

– 1 3,000m3
• 200ton/stage

– 1 15 25
– 1 45,000m3 75,000m3

– 1Pad 0.8MMm3 1.4MMm3
• Pad 1-2

•
– 50%

2013/9/9
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•
–

• 10 Pad MMm3/ 4 10
• Pad
•

–
• 600m Debolt 2,000m

3,000m
• m 14m
• 35%
• 46 ksc
•
• MMm3

2013/9/9

•
–

•
–

•
– 50
– 50%
– 50%

2013/9/9
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• m3/day/well
• m3/d/well

•
– GWR 1.35m3/m3
– H2S 80ppm
–

• C1 57%
• CO2 42%
• H2S 0.5%

• Debolt
– Bubble Point
–

2013/9/9

15

PRODUCTION ENGINEERING
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1
1

2013 9 9

2
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TELNITE

4
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15,000m3/ 1,500m3/

3bbl /1bbl3,000m3/

6

JOGMEC 23 1
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23 1
- -
- -
1 2
- -
2 -

3
1 -

63 4
4 2

67 6

. 1977 201

8

JOGMEC 23 1
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VVCC

VVCC Vapor Vacuum Compression Concentrator

12
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13

3

12 7

7.5m 3m 2.4m

- 440V, 220KVA
- 500kg/hr

14
RHC-F : Re-Heat Concentrator - Flush
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16
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20
http://www.tepco.co.jp/nu/fukushima-np/handouts/indexold-j.html
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