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Lower 48 states shale plays

= R S

 Mustang Sampling is dedicated to providing
Analytically Accurate® solutions, products,
systems, and services to all areas of the natural

gas industry

* Complete fiscal metering systems
* Orifice, Ultrasonic, Coriolis, Turbine Meters
* Sampling systems for natural gas, liquids, and LNG
* Energy measurement systems
e Design, Civil, Construction, Commissioning, Sales,
and Maintenance support
* Product Development
* Sampling products developed primarily from

necessity
e Virtually all products address specific customer need
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Mustan Sampling”

* Mustang Sampling is dedicated to providing Analytically
Accurate solutions, products, systems, and services to all
areas of the natural gas industry

 Complete fiscal metering systems

* Orifice, Ultrasonic, Coriolis, Turbine Meters
* Sampling systems for natural gas, liquids, and LNG
* Energy measurement systems

* Design, Civil, Construction, Commissioning, Sales, and Maintenance
support
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Mustan Sampling”

Natural Gas Liquid Analysis is Core Competency

* Early experience developed in Texas in and around Mont Belvieu

* Enterprise Products
e ONEOK

e Used vaporizing techniques to convert liquids to gas

* Expanded to heavier liquids than ethane and propane

* Created Intellectual property available globally

* Appalachian Storage Hub will be similar to Mont Belvieu
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Key Features (BP Report)

* Global natural gas growth
will be led by US Shale

e Largest single demand
growth is LNG export

e Second largest demand is
electricity production

* Energy consumption will
continue to grow globally
for decades (or longer)

 Competition from Qatar
& Australia is urging US
construction

* NGL production is linked
to natural gas associated
deposits

Base case: Natural gas

bp

Strong growth in global gas supplies led by US shale...
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Shale Features

* Gas composition is strongly
dependent on exact location
and depth

* May not meet
interchangeability
requirements for fuel

* Liquid content has significant
value

e Variations change with time
from same locations

Source: Ed Bowles, 2011 PGJ
Interchangeability Report
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Key Features & Fundamentals (US DOE Report)

NGL production is linked to natural gas as
associated deposits along with other
heavier alkanes (propane, butane, ...)
Ethane is used almost exclusively to
produce ethylene, which is used in the
petrochemical industry to produce plastics
Ethane transportation requires dedicated
pipelines and is difficult to move otherwise

Supply and demand must be closely
matched (due to last two bullet points), so
large supplies of domestic NGL's dictate
local storage be made available
Petrochemical industry flourishes as supply
grows

million barrels per day
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Key Features

 NGL production has
continued to increase with
natural gas production for
almost ten years

 Ethane represents about
40% of the total NGL market
by volume

* Associated liquids often
dictate drilling, financial
dynamics

U.S. production of natural gas plant liquids
million barrels per day
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Mont Belvieu, TX Storage Hub

Key Features Associated with NGL T RAe,

and STORAGE (2m4)
“Texas: Mont Belvieu

 Map is approximately 10 square miles i

PatroChemWire

e Facility has roots more than 60 years old

* Enterprise, ONEOK, Lone Star NGL, & Targa
Resources have major facilities

* Area includes Natural Gas Processing
Plants, Fractionation Plants, NGL Pipelines,
NGL Storage, Import & Export Facilities, Rail
& Truck Facilities

* Facility is located within 30 miles of
Houston, Texas (4.7M people)

* Facility is often confused with Strategic QOil
Reserve due to its size and location

The Pemelhern Wire aln pablishes daily rees.
arad pricing for the WUiLs, skfirm, sad polpmer
resin markrin. Check out cur news preckacs 2t
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Potential & Existing Ethane Impact in
Appalachian Valley

MNATURAL GAS LIQUIDS
INFRASTRUCTURE within
APPALACHIAN STORAGE HUB [ASH}
AREA of INTEREST

Figure 4-26. Natural gas liquids infrastructure (existing and planned) within the AOI. All locations are
approximate.
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Mustan Sampling®

Natural gas is a naturally occurring hydrocarbon gas mixture consisting primarily of methane, but

commonly including varying amounts of other higher alkanes, and sometimes a small percentage of

carbon dioxide, nitrogen, hydrogen sulfide, or helium (Petro-wiki)

Natural gas is not all the same. Natural gas components vary with location, depth, and time.
The behavior of natural gas depends on the composition and conditions of the gas.

The value of individual components within natural gas are different, so more valuable
components are often stripped from the mixture to sell separately (e.g. propane)

The energy value of natural gas depends on the composition of the gas. Generally, higher
methane values equate to lower energy values.

 Monetization of natural gas requires full knowledge of the composition.

Natural gas composition measurement is required for safety and compliance.
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Fundamentals of Sampling
Sampling allows the user to understand the content of their vessel or pipeline

Analytically Accurate sampling requires all of the following:
Tapping sample from reservoir contained in vessel or pipeline
Extraction of a representative sample from a vessel or pipeline
Transportation of sample to sample conditioning system
Adjustment of sample pressure and temperature

Transformation to gas phase of sample if needed Heated Probe
Delivery of sample to analyzer

Enclosure

.

Mustang Sampling

- crystalandcomp.com

Heat Trace
Sample Line

Probe Tip
“Primary”
Filter

GC Sample
Handling
System
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Mustang Sampling

) 1000 “‘
Phase Curve with Quotation:
Date: 01 June 2018
|V|USta hg® Heated Customer: Dry Gas Example
o Contact: Mustang Sampling
Regulator at 80° F o || Method:  sRK 70,800~____~80,800
+ -95,725
Y Sample point
N . __ 600
— (Critical point E;_ No. Name Formula Molar %
Y £ 1 Methane CH4  95.1223
Sampli : £ 2 Ethane C2H6 3.2142
ampling 400 3 Carbon Dioxide  CO2 0.8215
Point 4 Nitrogen N2 0.5663
5 Propane C3H8 0.1977
6 n-Butane C4H10 0.0263
200 7 lIsobutane C4H10 0.02385
8 Isopentane C5H12 0.00885
9 n-Hexane C6H14 0.00809
10 n-Pentane C5H12 0.00536
o 11 n-Heptane C7H16 0.00405

Temperature (F)
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Mustang Sampling

1800 “‘
Phase Curve with Quotation: TBD “
. Date: 22 March 2018
\VZ porizer an d 1600 | Customer: Wet Gas Example

Contact: Mustang Sampling
Method: SRK

Mustang® Heated

Joule-Thomson 1
Regulator at 140° F
1200
_._ Sample point _
‘g 1000 No. Name Formula  Molar %
— Critical point £ . 150 vl 1 Methane CH4 75.2789
$ 800 2 Ethane C2H6 12.2447
Mustang 3 Propane C3H8 6.0996
Sampling 600 4 n-Butane C4H10 1.7576
Point 5 Carbon Dioxide COo2 1.5436
6 Nitrogen N2 1.3748
400 7 Isobutane C4H10 0.7644
8 Isopentane C5H12 0.354
200 9 n-Pentane C5H12 0.354
10 n-Hexane CeH14 0.00536
8 11 n-Heptane C7H16 0.0834
-250 -200 -150 -100 -50 0 50 100 150 200 12 n-Octane C8H18 0.0429

Temperature (F)
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Mustang Sampling

1400
Phase Curve with Quotation: TBD ““
i Date: 2 February 2018
\VZ porizer an d Customer: NGL Example '
1200 Contact:  Mustang Sampling +%78, 1200

Mustang® Heated
Joule-Thomson
Regulator at 300° F o0

Method: SRK

\-

_._ Sample point

= 800

4 No. Name Formula Molar %
— Critical point g 1 Methane CH4 24.4747
9 400 2 Propane C3H8 19.2648
Mustang 3 Ethane C2H6 15.0653
Sampling 4 n-Hexane CoH14 10.1277
Point 400 5 n-Butane C4H10 10.0901

Hydrogen
110,280 002501 6 syifide H2S 7.95
500 7 n-Heptane C7H16 6.5355
8 n-Pentane C5H12 4.3673
9 Isopentane C5H12 3.9252
0 10 Isobutane C4H10 3.2224
200  -150  -100 -50 0 50 100 150 200 250 300 350 11 Carbon Dioxide Co2 2.0488
Temperature (F) 12 Nitrogen N2 0.0652
_ , , | 13 Water H20 0.0241
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Mustang Sampling

e Vaporization is necessary for heavy or
liquid samples
* Boiling point determines requirement
* Line between liquid and vapor not clear

* Required temperature may exceed
limits of equipment in some cases

e Sample points may not be ideal

* Sample point often inside two phase
envelope

* Liquid volume fractions fluctuate widely
near critical points

Copyright © 2019 Mustang Sampling, LLC. All Rights Reserved. CONFIDENTIAL and PROPRIETARY to Mustang Sampling. 23



The Mustang Vaporizer (MV) flash
vaporizes liquid samples for introduction
into gas analysis systems. Liquid samples
are maintained near line conditions until
reaching a flash chamber within the
vaporizer, preventing pre-vaporization.
The energy for vaporization is provided

by an electric cartridge heater with
sufficiently large surface area to
maintain a stable gas temperature
throughout the process.

Copyright © 2019 Mustang Sampling, LLC. All Rights Reserved. CONFIDENTIAL and PROPRIETARY to Mustang Sampling.
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This highly efficient design of the
Mustang Vacuum Jacketed tubing utilizes
multilayered material within a vacuum-
sealed space for efficient insulation of
the inner ligquid transfer line.

Non-conductive spacers are utilized for
the inner line which reduces heat
transfer. This flexible stainless steel
tubing is custom-designed to meet
individual project needs for inner pipe
size and overall length. Flow and various
application requirements are considered
with each engineered unit for continuity
of quality.
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The threaded Mustang Certiprobe is the

initial access point for a sampling system
within a natural gas, natural gas liquid,
chemical process, or biogas pipeline or g7
vessel. The Certiprobe is available in a lt““m' S;ﬁ‘;ﬁ;‘iogaga
variety of lengths, materials, and pressure .=,
ratings to accommodate a wide range of

applications in threaded configurations.

/

l““”f
|

The Certiprobe sample extractor design
includes Nondestructive Examination (NDE)
of Positive Material Identification (PMI) and

Dye Penetrant Inspection (DPI) for all welds.
Stress analysis is performed, using pipeline
conditions, prior to pipeline installation.

Copyright © 2019 Mustang Sampling, LLC. All Rights Reserved. CONFIDENTIAL and PROPRIETARY to Mustang Sampling.
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SINGLE TEMPERATURE CONTROLLER

Stainless Steel Insulated Enclosure

2 Mustang® Vaporizer

3 Sample Inlet (from process)

4 Sample Outlet (to analyzer(s))

5 Single or Multi-Stage Mustang® Heated Regulator
6 Power Switch

PID Temperature Controller

Copyright © 2019 Mustang Sampling, LLC. All Rights Reserved. CONFIDENTIAL and PROPRIETARY to Mustang Sampling. 27



DUAL TEMPERATURE CONTROLLER

Manual Liquid Pressure Regulator

2 Single Path Mustang® Vaporizer

3 Power Switch

4 RS-485 Communications

5 Dual PID Temperature Controller

6 Stainless Steel Insulated Enclosure

7 Sample Outlet

8 Single or Multi-Stage Mustang® Heated Regulator
9 Heated Liquid Block

10 Drain

Copyright © 2019 Mustang Sampling, LLC. All Rights Reserved. CONFIDENTIAL and PROPRIETARY to Mustang Sampling. 28



DUAL TEMPERATURE CONTROLLER

with FILTRATION & SHUT DOWN

Stainless Steel Insulated 10  Sample Outlet (to analyzer)

Enclosure )
11 Power Source Switch

Sample Inlet (from process)
12 Dual PID Temperature

Controller

Particulate Filter

Filter Drain to Speed Loop 13 Communications Port

Coalescing Filter 14  Armored Flow Meter

Manual Liquid Regulator 15 Liquid Drain

Shut-off Valve 16 Thermal Shut-off Valve

Single Path Mustang Vaporizer Relief Valve

Single or Multi-stage Mustang
Heated Regulator

Copyright © 2019 Mustang Sampling, LLC. All Rights Reserved. CONFIDENTIAL and PROPRIETARY to Mustang Sampling. 29
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Lone Star NGL Pipeline LD
Lone Star NGL Moot Balvieu LP
Lone Star NGL Fractionaters LLC

Verzion: Movember 16, 2012

Y-GRADE PRODUCT SPECIFICATIONS

AcoepmbleYﬂmdeshﬂlhamﬁmsnmﬁwmmpmmﬁmﬁmnﬂg&lmnﬂsmls)
composed principally of ethane, propsne, butsne and namral meeting the product
specifications:

Mustang Sampling

Y-GRADE PRODUCT SPECIFICATIONS

Acceptable Y-Grade shall be a mixture of constituents or component products of natural gas hiquids (NGLs)
composed principally of ethane, propane, butane and natural gasolines,

meeting the followmg product

CHARACTERISTIC FRODUCT TEST METHOD
SPECIFICATIONS

‘Composition:

Methans, maximmm See Note 1 GPA 2177

Aromatics, maxinmm See Note 2 GPA 2186

‘Olefins, maximum 1LO0LV. % GPA 2186
‘Carbon Dioxide:

PPM by Volume in Liguid 500 mainmmm GPA 21TT
“Vapor Pressure:

psig st 100° F 600 manimmm ASTM D-6378
‘Corrosiveness:

Copper siip at 100° F Mo. 1 ASTM D-1838
‘Total Sulfir:

DPM by weizht, mavirmm 150 ASTM D-2784
Hydrogen Sulfide:

Pass Fail Pass ASTM D-2420

End point at 14.7 psis, maotimuom 3T5.0°F ASTM D-7344

See Note 3

Saybolt Number, minimmm +150 ASTM D-6045

See Note 3
Existing Gum:

Washed ==lmg/100ml ASTM D-381

Unwashed ==1mg100ml
Dryness:

Free Water at 34°F Hone Visual Inspection
Product Temperatura:

Mininmm 60° F

Maximmm 100°F

Note 1: Methane not to exceed either 0.5 LV. % of the total sweam or 1.5 LV. % of the ethane content. For
ACCOUNtng parposes 3 maximum of 1.5 LV, % methane in the ethane will be considered ethane. Amy excess sbove
this specification shall not be accounted for
Note 1: Aromatics not to exceed either 1.0 wt % in the total stream or 10 L.V. % in contained nataral gasoline
Note 3: Distillation snd Color to be nmm on that portion of the mixture having a boiling point of 70° F and above at
ic pressure.

General Contaminants Note: The Y-Grade shall be commercially free from sand, dust, pums, gum-producing
substances, oil, glycol, inhibitors, amine, caustics, chlorides, cxygenates, heavy metals, any other contaminants that
makeitunﬂhlﬁcmmmlynsedappltﬁmmdmycmdmdedmﬁnmmuhmﬁ!mm
meet these specifications.
Abbreviations: ASTM = American Sodety for Testing and Materials, Standard Test Procedures; ® F = Degrees
Fahrenheit, GPA = Gas Processors Assocdation; LV, % = liquid volume percent; mg = millizrams; ml = milliliters;
PPM = Parts per Million; psia = pounds per square inch ahsohite; wt. %b = percentage by weight

The giorementioned specificarions may be modified from time to time in the sole discretion of the Tuing entigy.

specifications:
CHARACTERISTIC PRODUCT TEST METHOD
SPECIFICATIONS

Composition:

Methane, maximum See Note 1 GPA 2177

Aromatics, maximum See Note 2 GPA 2186

Olefins. maximum 10LV. % GPA 2186
Carbon Dioxide:

PPM by Volume in Liquid 500 maximum GPA 2177
Vapor Pressure:

psig at 100° F 600 maximum ASTM D-6378
Cofrosiveness:

Copper strip at 100° F No. 1 ASTM D-1838
Total Sulfur:

PPM by weight, maximum 150 ASTM D-2784
Hydrogen Sulfide:

Pass/Fail Pass ASTM D-2420
Dastillation:

End point at 14 7 psia, maximum 3750°F ASTM D-7344

See Note 3
Color:

Saybolt Number, minimum +25.0 ASTM D-6045

See Note 3

Copyright © 2019 Mustang Sampling, LLC. All Rights Reserved. CONFIDENTIAL and PROPRIETARY to Mustang Sampling.
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Standard Test Method for
Hydrogen Sulfide in LI
Acetate Method)®

i
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Somam g D e 100D

e D2

) Designation: D 1266 — 98 (Reapproved 2003)<'

Designation: 107/86

Standard Test Method for
Sulfur in Petroleum Products (Lamp Method)'

This staatand i s b th e desnation | 266; the member immediately foliowing the deskgnation ndicaes the year of
crsginal adopion or 8 the case o revsion the yvar of st reviien. A mber in puscnheses tadicales he e of st reapprOvaL A
supescrpt plon (¢) indicaen an ekitorial change sine the 1t revsion or esppeoval

This standond has beem pproved for use by agencies of the Depuroment of Deferse

€ Now—Warming notcs were ediorially moved into the standed 11 i July 3003,

1. Seope
L8 Tht et el oot et o s

inliquid petrleu products in concen m 001 1004
meis % (ol 1. A specal slfan annlysis.procodam s
desribed i Anne Al tha pemis e dtermination of slfur
in concentrations as low as § kg

parsblc lamp method or he detcrmination of sulfur
rolcam gas is described in Test Method D 2784, Fox the
Getemmination o salfr in heavier petroleum provucts that casnot be
buned in 2 aemp, s the boxab methax (Test Method D 129)the quasts
tube. method (1P 63), or the high-cmperaure method (Test Method
D 1552,

1.2 The direct burning procedure (Section 9) is applicable to
the analysis of such malerials as gasoline, kerosine, naphiha
and other liquids that can be burned completely in a wick lamp.
The blending procedure (Section 10) is applicable to the
analysis of gas oils and distillate fuel oils, naphthenic acids,
alkyl phenols. high sulfur content pewroleum products. and
many other materials that cannot be burned satisfactorily by the
direct burning procedure

1.3 Phosphorus compounds normally e e
gasoline do not interfe s given for the small
o o cil el ot ecmbition of 1t lead
anti-knock fluids in gasolines. Appreciable concentrations of
acid-forming or base-forming elements from other sources
interfere when the titration procedure is employed since no
correction s provided in these cases.

1.4 The values stated in SI units are to be regarded as the
standard.

LS This standard docs not purport to address ail of the
safety concerns, if any, astociated with its use. M is the

A core

responsibility of the user of this standard 1o establish appro-

" This cxt et 5 undks the jurisdiction of ASTM Commitice DI2 on
wicaats and  the dirct. esponibilty o Sebcoans

o 05, Pubisbed July 2000 Org
s cdtan g

approved in 1909, L

priate safety and health pracices and determine the applica
bility of regulatory linitations prior to wse

2. Referenced Documents
2.1 ASTM Standards:
D129 Test Mnlhnd for Sulfur in Petroleum Products (C
cral Bomb Method)®
D1193 Spmnumn for Reagent Water"
D 1229 Test el fo Rubber Fropery—Compresion
w Temperatures*
D I“‘ Inl Mu.hnd for Sulfur in Petroleum Products (High
 mpertre Metbod
t Method for Sulfur in qunil)ed Petroleum
(.mam [Oxy Hydrogen Bumer or
E 11 Specification for Wire Cloth and Sieves for Testing
Pur
22

s
Institute of Peteoleum Standard:5

IP 63 Sulfur Content—The Quartz Tube Method

3. Summary of Test Method
sample is bumed in a closed system, using a
suitable lamp (Fig. 1) and an artificial atmosphere composed of

de and 30 % oxygen o preveat formation of
mitrogen oxides. The ovides of sulfur are absorbed and ovi-
dized o sulfuric acid by means of hydrogen peroxide solution
which is then flushed with air to remove dissolved carbon
dioxide. Sulfur as sulfate in the absorbent is determined
acidimetrically by titration with standard sodium hydroxide
solution, or gravimelrically by precipitation as barium sulfate
(see Annex A2).

Anmoal Eook of ASTM Sindands. Vol 0501
Anmoal ook of ASTM Sancands.

61 New Cavesciah S1.. Loauon,

oGP ASTM Itamstonsl, 100 R e O, PO Bk E700, Wl Conshohachas, PA 1128.2980, U Siis
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Closing Comments
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Mustang Sampling

THANK YOU.
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