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1 INTRODUCTION

This document presents a report on the technical workshop conducted in China (i.e., the
final workshop). The purpose of the workshop was to demonstrate a measurement
technology, the plume transect system, for remotely quantifying atmospheric emissions of
methane (CHa), carbon dioxide (COg), volatile organic compounds (VOC), hydrogen
sulphide (H2S), and ammonia (NHs3) from fugitive sources (e.g., building vents,
equipment leaks, storage tanks, waste water treatment ponds, contaminated soils, etc.).
Additionally, presentations were made on the inline tracer gas technique used to measure
flaring rates at oil and natural gas facilities.

The workshop was split into two sessions: one conducted in Beijing on 20 November
2015 at the offices of China Academy of Environmental Planning
(http://www.caep.org.cn/toptypeEN.asp?typeid=43), and the other conducted in Shanghai
on 27 November 2015 at the offices of Shanghai Academy of Environmental Sciences
(http://www.saes.sh.cn/en/aboutsaes.asp). The attendee list and presentations made at
each workshop are presented in “APPENDIX — CAEP Workshop (20 Nov 2015)” and
“APPENDIX - SAES Workshop (27 Nov 2015)”, respectively.

Initially planning was that each workshop would comprise both a classroom session and a
field demonstration of the Plume Transect measurement technology. Unfortunately,
.unfavorable weather conditions in Beijing precluded the field demonstration component
for CAEP. However, both source screening and emission measurement demonstrations of
the technology were successfully conducted in Shanghai for the SAES.

1.1 CLASSROOM COMPONENT

The classroom component of each workshop was a half-day event. The key participants
included senior management and researchers of the relevant departments of CAEP and
SAES. In addition, representatives of a Chinese consulting firm and the local government
participated in the CAEP workshop.

The participants at both workshops showed keen interest in the Plume Transect remote
emissions measurement technology and expressed a desire for continued cooperation on
opportunities to demonstration and apply of the Plume Transect system and other
VOC/GHG emissions measurement technologies in China. Their interest is driven largely
by two key factors:

e Effective 1 October 2015 — the Chinese government has begun applying a charge
to industrial and commercial emitters of VOC emissions. A copy of the relevant


http://www.caep.org.cn/toptypeEN.asp?typeid=43
http://www.saes.sh.cn/en/aboutsaes.asp

assessment guidelines are presented in “APPENDIX — China’s VOC Guideline”.
The particular regulatory interest in VOC emissions is because they are limiting
precursor to the significant urban haze issue being experienced many major
Chinese cities including Beijing and Shanghai. The VOC calculation method
presented in the Chinese Guidelines has been adapted by China from Emissions

Estimation Protocol for Petroleum Refineries published by the US Environmental
Protection Agency (EPA).

e Effective 2017, the China will be implementing a country-wide GHG emissions
trading program. Preliminary trading initiatives have been piloted over the last 6
years in 7 different jurisdictions in China. In 2015, China’s National Democratic
Reform Commission (NDRC) released a set of GHG quantification guidelines. A
copy of these is provided in “APPENDIX — China’s GHG Guideline”.

1.2 FIELD DEMONSTRATION COMPONENT

The Plume Transect system was validated and used to measure emissions from both coal
mining and oil & gas facilities in Canada in advance of being taken to China. These
results were shared with the workshop participants during the classroom portion of the
workshops.

The plans developed with SAES for the field demonstration of the Plume Transect
system in Shanghai are provided in “APPENDIX - Field Demonstration Plans For
SAES”.

1.3 NEXT STEPS

Both CAEP and SAES expressed an interest in continued collaborative efforts to
demonstrate and apply GHG/VOC emissions measurement technologies in China.
Additionally, a 2016 workshop on the subject matter was proposed.

As part of the 2015 CCAC sponsored work in China, a Green Completions flowback skid
design was prepared based on current best practices in North America for managing
emissions from flowback events associated with multi-stage hydraulic fracturing of tight
oil and gas wells. A copy of the design is presented in “APPENDIX — Green Completions
Flowback Skid Design”. The design was shared with both China National Petroleum
Corporation (CNPC) and Sinopec Limited. Both companies expressed an interest in
having a follow-up 2016 workshop on the matter as well as participating in a study tour
to Canada or the United States to discuss the technology with leading service providers
before proceeding to purchase their own units.



Ideally, both initiatives would be combined into a single workshop for both government
and industry stakeholders on VOC/GHG emissions measurement and control
technologies.



2 APPENDIX — CAEP WORKSHOP (20 NOV 2015)

Two presentations were made by Clearstone during the workshop:

e Technology Demonstration (Current Results & Accomplishments)
e The Economic Case for Emissions Reduction.

A copy of each of these presentations follows.
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Plume Transect Emissions
Quantification Strategy

 Screen for reference * Quantify emissions of * Monitor the ratio of » Lab analysis for more
compounds and reference pollutants pollutants of interest to accurate and detailed
pollutants of interest to (CH, and CO,) the reference speciation of VOC
locate emission plumes « Spotter needed to look compounds emissions and possible
and possible sources of for overheard « Determine the best quantification of other
interference obstructions such as reference pollutant for pollutants

» Reference compounds: power lines due to correlation with * Upwind and downwind
CH,, CO, height of mast pollutants of interest grab samples required

* Pollutants of interest: + Calculate the pollutant

VOCs, H,S, NH,4 emissions



VOC Quantification Strategy

= Quantify reference pollutant emission rate (CH, or CO,)

= Determine ratio of reference pollutant to VOCs based on mass
spectrometer data OR grab sample analysis

= Determine VOC emission rate;:

" — Cvoc — CVOC, background
voc — ""tref
Cref _ Cref, background

Where,
Myoc = VOC emission rate
Myef = reference pollutant emission rate
Cvoc = VOC concentration in plume
Cvoc, backgrouna = background VOC concentration
Cref = reference pollutant concentration in plume

Cref, background background reference pollutant concentration



System Capabilities and Limitations

Capabilities

Real time measurement,
mobile deployment,
off-site access

High Sensitivity
(able to measure 0.00017 kgls

CH, 100 m from source)

Accuracy and Precision < 25%

Grid resolution
Horizontal: = 10 m
Vertical: 1m

Limitations

Moderate, steady wind
required

10 m height limit

(mitigate by measuring closer
to the source)

Resolution dependent on
driving speed




Gas Analyzer Specifications

= CH,/CO,/H,O — Off-axis cavity output spectrometer

»VOCs — Portable mass spectrometer

» H,S/NH, — Off-axis cavity output spectrometer

1 Methane (CH,) 0.1 to 1000 0.007 (10 Hz) 1.5
Carbon Dioxide (CO,) 200 to 4,000 1 (10 Hz) 1.5
Water (H,0) 100 to 70,000 | 100 (10 Hz) 1.5

2 Volatile Organic MDL: 0.001 to | <0.001 (1 Hz) 60 to 180
Compounds (VOCs, 0.05
semi-quantitative)

3 Ammonia (NH,) 0.001 to 10 0.0006 (0.1 Hz) 5
Hydrogen Sulphide (H,S) | 0.05to 50 0.005 (0.1 Hz) 5




Oil Battery Measurements



Oil Battery — Transect Path

= Qil battery

Start 01

GOOSIC earth




Oil Battery — Downwind Concentrations



CH, Concentration (ppm)

Oil Battery — VOC results
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Oil Battery — Emission Rate Contour Plot

CH, Emission
Rate (kg/s)

» Good vertical capture
» Good horizontal capture
» Good resolution 10



Height (m)
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Oil Battery — Averaged Vertical
Concentration Profile
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CH, Concentration (ppm)

Based on 4 minute stationary measurement in plume,
200 m from source.

3.5
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Oil Battery — Convergence

CH, Emission Rate,
Running Average (kg/s)
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Number of Transects

95% confidence interval is below
25% of mean after 4 transects
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CH4 (ppm)

Gas Plant Screening

MultiChannel Analyzer AIT-1062: CH4 Raw Data (Transect 01)
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Coal Mine Tests — Site 4

NE Corner of Pit (Mostly Inactive)

SW Corner of Pit (Active)
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Immediately Downwind of Active Mine Pit — Site 4

15



Immediately Downwind of Active Mine Pit — Site 4

Methane Emissions (kg/s)
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Downwind of Truck & Shovel Operation — Site 2
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Downwind of Truck & Shovel Operation — Site 2

Methane Emissions (kg/s)
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Coal Stacking Operation — Site 2
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Downwind of Coal Stacking Operation — Site 2

Methane Emissions (kg/s)
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Mobile Plume Transect Method

* Vehicle mounted monitoring system
 Traverse emission plume downwind of source
* Measure 2D wind and concentration profiles

* Correct for background pollutant concentrations )
3

Height (m)

O N P~ OO 00 O

5.6364e+006
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5.63636+006. -
5.63625e+oTc\>T rthing (m)
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696 696800
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696900 696950

697000
Easting (m)
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Key System Components

Gas Sampling Gl\j\ﬁnadnd Software

Analysis

CH,/CO,/H,0 High accuracy
(fast-response, Telescoping global positioning

high-accuracy and carbon fiber mast system (GPS)
high-precision)

Real time data

acquisition and
(developed and inertial . control

in-house) measurement unit

Portable mass (IMU)

spectrometer

(real time VOC
measurement)

Near real-time

Multi-channel data processing

sampling system 3X 3DV\L/JiIr'§rdason|c and emissions
(developed quantification
in-house) SN (developed

in-house)

22



System Setup — Flow Diagram
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System Setup — Data Schematic
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System Setup — Hitch Mounted Mast

Hitch mounted mast for easy setup and take-down
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System Setup — Extended Mast

9 m tall mast with
8 sampling channels
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Validation Testing

73 m long line source,
CH, release at 0.00017 to 0.00057 kg/s

Base station GPS and
transmitter (provides
correction data)

27



Validation Testing — Transect Path

Start:05 &
o

EStart 01
&

Source end

doource start
’ End 05

© 2015 Google

Image @:2015 DigitalGlobe G()()Sle earth




Validation Testing — Downwind
Concentrations

29



Validation Testing — Emission Rate
Contour Plot

CH, Emission
Rate (kg/s)

» Good vertical capture
» Good horizontal capture
» Good resolution 30



Height (m)

Validation Testing — Averaged Vertical
Concentration Profile
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90 m away from the source
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Validation Testing — Accuracy

Oct. 9 - Transect Group 1
0 . .
7 5E-4 95% confidence interval
)
~
_°g° Actual emission rate
= 1.7E-4 < EEE—
8 1564 —— — —
©
2
c 104 — ————— —————
0
2 5.0E-5
= .
Ll
0.0E+0
1 2 3 Mean
Transect Number

Emission source: methane (CH,)

Source type: line source, 73 m long, at a height of 1 m
Emission rate: 0.00017 kg/s

Distance from source: 100 m

Grid resolution (width of cell): 13 m 30



Validation Testing — Accuracy

8E-4
7E-4
6E-4
5E-4
4E-4
3E-4

Emission Rate (kg/s)

2E-4
1E-4
OE+O0

Aug. 28-1 Aug.28-3 Oct.9-1 Oct.9-2 Oct.9-3

Transect Test Group

Error bars
represent
25%

difference

B Measured

W Actual

Emission source: methane (CH,)

Source type: line, 73 m long, @ height of 1 m
Testing conducted on Aug. 28 and Oct. 9, 2015
Average of 3 transects (except Aug. 28-3, which has 2)
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Summary

* Mobile system for remote monitoring of emissions
» Tested applications: gas plants, oil batteries, coal mines
» Steps: screening — transect — stationary measurement

» Advantages:
— Real time measurement of VOCs
— Methane emission rate, sensitivity < 5E-5 kg/s, accuracy < 25%

— Resolution < 10 m (horizontal), 1 m (vertical)
= | imitations:
— 10 m height limit

— Steady wind required

— Downwind access required
34






TrueWind Speed m/s

Wind Anemometer Data

Anemometer (Processed Data)
Project 2015-10-08 Farm Test Anemometer Order Fixed,/lMast, Transect 02

B T T T T T T T T T T T T T T T T T T T T T T
! ! ! ﬁ Anemometer0(3.34m): True WindSpeedmfs  +
Anemometerl(5.59m): True Wind Speed m)s
25 Anemometer?(10.01m): True Wind Speedmjs ¥ ||
b
5 - 4 —
e #*
3 *
4.5 — + % m
4 + &
- -I—'ﬁ_ # -JH#- + + F ot 7]
+ + + it
S o tm*ﬁﬁ gt A
3.5 . -hd-'# -: ki % i o
++ -lﬁﬁ- + +
Foiw v
+
I P |
_ﬁ-"ﬁ+ &
g
2.5 - i+ —
+
&
2 . \ | . . | . . | . . | . . | . . | . . | . . | . .
14:36:00 14:37.00 14:32:00 14:39:00 14:40:00 14:41:00 1d:42:00 14:43:00 1d:44:00 14:45:00

2015-10-09 2015-10-09 2015-10-09 2015-10-09 2015-10-09 2015-10-09 X015-10-09  2015-10-09 2015%-10-09  2015%-10-09

Tirme



Height (m)

Oil Battery — Vertical Plume Capture
Correction

20
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0.2

0.4 0.6 0.8
CH, Concentration (ppm)

1.2
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Validation Testing — Emission Rate
Contour Plot 2

Ground level plume (mitigate with ground level profiling)
Good horizontal capture
Poor resolution
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Plume Transect Method

16

., Anemometer C

: Anemometer B

Anemometer A

iCH, Concentration

' GPS
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IN-LINE TRACER TESTS

A preferred option for temporary monitoring & validation
of existing meters. May also be considered for
permanent flare monitoring.



PORTABLE FLARE
MONITORING SYSTEM

Reliable Flare Monitoring Program for Nigeria




Key Features

- Real-time or near real-time data access via the internet.

- Reporting of critical parameters:
- Volumetric flare rate (in-line tracer test).
- Volumetric oil production rate (clamp-on ultrasonic transducers).
- Separator temperature and pressure.
- Flare gas composition (on-line process analyzers).

- Atmospheric emissions from the flaring activity (GHGs, NO,, SOZ2,
CO, PM).

- Economic value of the flared gas.

- Rotate the monitoring system monthly between sites to
minimize costs.



Key Features

- Use of cellular and, if unavailable, satellite networks.
- Onboard data logging to avoid loss of data.

- Use of non-intrusive flare and oil measurement flow
techniques.

- Use of online process analyzer.



SCADA SYSTEM DESIGN

A portable stand-alone system.



L
Topic: SCADA System Design

- Main Challenges for SCADA System Deployment:

- Must be non-intrusive to existing DCS/SCADA systems at sites
where being deployed.

- Requires options for power autonomy or supplied power (24VDC,
Solar or 120VAC).

- Must be able to communicate/interface with a wide variety of
instruments. Both wireless and wired. HART, Modbus, etc.

- Requires on-board calculation capabilities, and both continuous or
event driven, non-volatile data logging capability.

- Flexible back-haul communications options (IP or Serial) with
industry standard SCADA protocols.

- Easy system deployment and re-deployment (portable), with
minimal “SCADA” expertise by installers and plant personnel.

- Withstand harsh environmental conditions



L
Topic: SCADA System Design

- Key Considerations for Graphical User Interface Development:

- Web based interface to be globally accessible with specific customer portals
via public internet

- Live real-time data displays.

- Available diagnostics and instrument health monitoring.

- Flexible and dynamically configurable displays of historical data.
- Secure and reliable.

- Cater to all types of users; operations, accounting, plant supervisors,
environmental agencies etc.



L
Topic: SCADA System Design

- Other Key Considerations for Overall System Design:

- Secure and reliable internet connectivity via public IP networks

- Intelligent sensor selection (both mechanical installation and
electrical interface) to preclude process disruptions during
implementation.

- Programmable real-time monitoring and calculation on measured
parameters (e.g., T, P, Q, |, etc.).

- Real time and historical trend analysis of calculated parameters:
- Gas composition: based on measured molecular weight.

- Losses or Avoidable Energy Consumption: CH,, LPG, NGL, H, and
$8$.

- Emissions: GHGs, CACs (CO, VOCs, SO,, NO,, PM).
- Emission Reductions: GHGs and CACs



L
Topic 2 — SCADA System Design

- Flexible Field Data Capture

Field Devices
RTU Panel Rosemount GW

Back Haul
Cellular IP to OE
Server in Calgary

_______________

Backup Data
Logger : IO Radio

() -

' CellModem . T

| Solar or Plant Power
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Topic: SCADA System Design

= Data Flow

Web Based
Graphical User |«
Interface




L
Topic: SCADA System Design

m Global System Access Through Web Portal

Users can access
individual sites
through their secure
Web Portal.




L
Topic: SCADA System Design

m Site Overviews and Categorized Data Access

Each site and
individual systems
within have
categorized data
access via intelligent
menus.
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Topic: SCADA System DeS|gn

m Data Access for all stakeholders Operations and Plant
Engineers

Production and
Finance

Government and
Environmental Agencies



Topic: SCADA System Design

= Instrument Data and Diagnostics

All relevant data for
instruments and
SCADA components
are available for
asset tracking.

Configuration and
alarming parameters
available.




Topic: Business Results Achieved

s Data for Operations; understanding flare process
characteristics, speed of sound, temperature etc...
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Topic: Business Results Achieved

= Data for the Plant Engineer; visualizing the cause and effects
of upstream or downstream processes in their flaring system.

Here they discovered
that when the velocity
on the 42" line (blue)
increased it caused a
proportional reverse
flow on the larger 48”
adjacent flare line.

This could raise
operational concerns
not previously noted.




Topic: Business Results Achieved

s Data for the production managers and accountants;
losses in commodities and dollars side by side.

In this period of 36
hours you can see
that they flared LPG
at an average rate of
~$2.5M USD per year.

Or ~$10,000 in 36
hours of normal
operations.




Topic: Business Results Achieved

s Data showing total value of losses; impacts to the bottom
line, here peaking at times in the 10’s of Millions.

If you look at the value
of all commodity losses
to Flare Line 2 alone,
this amounts to an
avoidable financial loss
in excess of $7.5M
USD per year.




Topic: Business Results Achieved

s Data for Government and Environmental Agencies; CO2
and other GHG emissions.

With the global focus
on climate change the
GHG emissions data
is a large driver for
this type of
application.




Topic: Business Results Achieved

m Key Findings on first Flare System Deployment in
Mexico:

— Extreme swings in Flare Gas Composition, dependent on
upstream processes. Points to possible process
improvements.

— Large losses of valuable product and revenues through
flaring of commodities. Early data indicates losses per year
averaging >$7.5M on 15t of numerous flare mains to be
monitored at the facility.

— Quantified and Verifiable GHG emissions for proper
reporting to agencies.

— Provides “True” GHG reporting based on actual carbon
intensities and flows, rather than estimates.



FLARE RATE MEASUREMENT
TECHNIQUE

Continuous In-line Tracer Test



Inline Tracer Technique

- Inject tracer gas at a known rate.
- Measure amount of dilution by flare gas 20 pipe diameters
downstream.

- Calculate flare rate based on a mass balance.
1—3’Tracer)

YTracer

* Qriare = Qrracer * (

* Qriare = Flare gas flow rate (m3/h)
* Qrracer = Tracer gas injection rate (m3/h)
* Yrracer = ITacer gas mole fraction in flare gas.

- Suitable injection ports and sampling ports generally much
easier to find than suitable ports for insertion flow
measurements.



L
Key Advantages

- Easy to install while the flare is in operation:

- Often able to be install by utilizing existing access ports and fittings
on the associated flare line, purge gas system, knock-out drum or
inlet separator.

- Otherwise, hot taps may be required.
- Competitive capital cost.
- Excellent rangeability: 1:10,000

- Utilization of readily available and low-cost tracer gas:
acetylene.

- Low operating cost: only uses a few mL/min to L/min of
tracer gas.

- No corrections required for temperature, pressure, or flare
gas composition.



Power Requirements

- Mass flow controller for the tracer gas injection system is
powered using a small ultra-portable battery pack.

- Site power or power generated by an automobile's
electrical system are used for the analyzer and a field

laptop.



Acetylene Injection System



Example Injection & Sampling Points



Analyzer and Real-time Graphical Display



Real-time Graphing of Results



EMISSIONS DATA

Prepared by: D.Picard
Clearstone Engineering Ltd

CAEP - November 23, 2015
Beijing, China



Active Jurisdictions

Country Years Fugitive Process | Flares | Engines | Heaters | Storage
Equipment Vents Tanks
Leaks
Azerbanan | 2008-2009 .4
Canada 1989-2015 | X .4 X X X X
China 1992 X .4 X X X X
2007-2015
Colombia | 2013-2015 | X X X X .4
Mexico 2007-2015 | X X X X X .4
Nigeria 2016 X X
Romania | 2008 . 4
Russia 2013 X
Uzbekistan | 2008-2009 X







Baseline Conditions

Table 1: Baseline commodity losses associated with flaring at the suveyedfacilities.

Facility Source? Tag No. | Service SActivity Yalue of Total Residue Ethane LPG MGL | Hydrogen
Gas Losses Gas Gas (mAadligy [ (m3sd ligy | (m3idy | (m?id)
{UsD,y} Loss (10° m?/d)
Energy | Commodity | (m?®/Mh)
Basis Basis
Qil Batteryl Flare Stack | CB- Assodatedzas | 1,951,420 | 4,836457 | 129989 15.40 1471 1591 104 o.oo
[Unassisted) | Alamo | Disposal
Cornpressar Flare Stack | CB- Blowase 805,695 | 1,558,569 536 .59 G642 504 3584 0.aa o.oo
itationl [Unassisted) | 1026 VWaste Gas
Disposal'
Flareitack | CB- Emergency ar 0 0 0.00 Q.00 Q.00 000 Q.00 0.00
[Unassisted) | 10360 I ntermittent
Waste Gas
Disposal
FlarePit CB- Pilot Gas 203,353 303,195 13540 2458 144 049 010 o.o0
1044 Purge Gas& 843,052 | 1,256,971 oBel.34 1029 085 205 040 0.a0
Leakage lnto
Flare Header
il Tepninal & | FlareStack | CB-700 | Continuous 23,297 495 | 53,082,208 | 12,707 .57 187 57 18557 13475 4214 o.oo
Gas [Unassisted) VWaste Gas
Processing Disposal
Facilityl Flare stack | CB-800 | Stabilizer 1822139 [ 6,917,047 44379 125 642 le04d | 1518 0.ao
[&irAssist) Overheads
Disposal
Flare Stack | CB-900 | Continuous 4491142 | 11,408,518 | 226982 2724 43.00 3127 979 o.oo
[Uhassisted) Waste Gas
Disposal
il Battery 2 Flare Stack | CB- Assodated Gas Mil Mil il Mil Mil Mil Mil Mil
[Unassisted) | Horcon | Disposal
Qil Battery 3 Flare Stack | CB- Assodatedzas | 1,570,636 | 2,530,507 | 1,050.90 21.44 4585 L28 041 o.oo
[Unassisted) | Hidalzo | Disposal




Refinery #2 Results

Table 1: Commodity losses associated with current reported flaring at Refinery #2.

Source Value of Total Residue | Ethane LPG NGL Hydrogen
Avoidable Avoidable Gas (m?*/d (m?*/d (m?fd) (m?/d)
Fuel/Product Fuel or (10° lig) lig)
Losses (5/y) Product Loss m*/d)
(m?*/h)
Ground Flare Q-8 162,651,735 3337717 122.40 225.15 666.10 268.33 | 297,435.93
Ground Flare Q-11 7,110,973 1,380.77 6.19 12.36 28.91 11.71 8,736.55
Ground Flare Q-12 54,681 11.00 0.03 0.07 0.38 0.02 77.88
Stack (Assisted) QE-2 44,252,069 37,989.8% 127.65 110.63 105.20 24,11 | 501,466.55
Stack (Assisted) QE-3 8,833,258 10,280.75 17.78 1.23 2.88 2.41 | 224,002.62
Stack (Assisted) QE-3 (AG) 136,211 1,230.00 0.03 0.28 1.04 0.00 0.00
Stack (Assisted) QE-4 13,643,701 11,712.96 35.30 34.11 33.70 7.43 | 154,011.07
Stack (Assisted) A1-31001 308,210 2,783.17 0.07 0.86 2.35 0.00 0.00
Total 236,990,838 98,772 314 385 845 314 ( 1,187,955




SCADA Monitoring System At a Refinery




L
Casing Gas Vent Flow Measurement



L
Casing-Gas Flow Measurement



L
Hi-Flow Sampler Measurement of Emissions

from a Sump



L
Variations In

Casing Gas Flows



Engines — Starter Vent Measurements



Engines — Starter Flow Vent
Measurements



Hydraulic Fracturing Flow-Back
Event in China



Oil Battery — Transect Path

Oil battery

Google earth
C




.
Oil Battery — Downwind Concentrations



.
Oil Battery — Emission Rate Contour Plot

CH, Emission
Rate (kg/s)

» (Good vertical capture
« Good horizontal capture
« Good resolution
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N,O Study

- Rationale:

- Limited data on N,O EFs for natural gas fueled equipment used in the
UOG.
- Data collected in 1990’s (grab sample techniques).

- Sampling bias where N,O is generated in the sampling container in the
presence of NO,, SO, and moisture (Ryan and Karns, 1993; Hayhurst
and Lawrence, 1992).

- Objective:
- Develop updated factors for:
- Process heaters (10).
- Reciprocating engines (8).
- Turbine engines (3).



Continuous Measurement Equipment

- Three cavity ringdown spectrometers:

- N,O: 0 to 4 ppm [0 to 10 ppm] (0.3 ppb precision)
(high CO upgrade)
- CO: 5 ppm to 10% (3 ppm precision)
5 to 4000 ppb (0.15 ppb precision)
- CO,: 1000 ppm to 100 percent (20 ppm precision)
- CH,: 10 ppb to 100% (2 ppb precision)
- Oy 300 ppm to 100 percent (300 ppm precision)
- H,0: 100 to 70,000 ppm (0.4% precision)

- Chemiluminescence NO/NO,/NO, analyzer: 0 to 3,000 ppm
(10 ppb resolution).

¢ OptICa| NG Analyzer (COz, C1, Cz,C3,i'C4, n'C4,C5) 0'100% C1,
0-25% C, & C;, 0-10% C,, 0-3% C; (0.02% precision)



Observed N,O Concentrations

- N,O concentrations in flue gas <1 ppm for all sources but
one 4-stroke lean-burn reciprocating engine <4 ppm.

- Hayhurst and Lawrence (1992) report values of <5 ppm
for all combustion sources except fluidized beds.
- Fast destruction reactions of N,O during high temperatures.



L
Summary Results & Confidence Limits

14
12

10

Emission Factor (ng/J of fuel)

[
4
1 L
R e
Process Heater Reciprocating Turbines
Engines

B Measured mEReference

Figure 2: Comparison of emission factors determined from measurements with reference

emission factors.



Comparison of Heater EFs to EPA Values

Table 2:  Actual and reference GHG and CAC emission factors for process heaters on an energy input basis.

Equipment Unit 1D Emission Factors (ng/J of Fuel')

Category 207 CH, CO: co NO: NO | NO:

Actual | EPA | Actual | EPA | Actual | EPA | Actual | EPA | Actual | EPA | Actual | Actual

=29 MW PTAC.1.19% NA 0.9| 23013 1 49697 [ 50579 12032 35 9.8 118 9.7 0.1

=29 AW, PTAC 14 007 026 5.8 1 49657 | 50579 0.0 35 145 21 139 07

Low NOx

Burner

=29 MW PTAC.1.1 0.04 0.9 0.4 1 49697 [ 30579 0.1 35 252 42 233 1.9
PTAC13 0.05 0g 0.1 1 49657 | 50579 0.1 35 254 42 249 0.5
PTAC15 0.03 0g 0.3 1 49657 | 50579 0.6 35 34 4 42 316 28
PTAC 16 0.03 0g ) 1 49657 | 50579 0.1 35 436 42 403 28
PTAC 1.18% NA 0g 222 1 49697 | 50579 901 35 10.9 42 50 53
PTACZS 0.70 0g 28 1 S0741 [ 50579 129 35 305 42 281 24
PTACZ10 0.15 0g 0.5 1 S0741 [ 50579 33 35 135 42 10.0 35
PTAC3.11 0.29 0.9 2.1 1 50870 | 30579 198 35 240 42 169 7.1
Average 0.19 0.9 4.5 1 50105 [ 30579 15.9 a5 254 42 22.7 2.7

WA Not available

1. Eeferenced based on the gross (or higher) heating value of the fuel.
2. MN20 was not suceessfully measured from two heaters due to analyzer performance limitations.



L
Comparison of Recip EFs to EPA Values

Table 3:  Actual and reference GHG and CAC emission factors for reciprocating engines on an energy input basis.
Equipment Unit ID Emission Factors (ng/J of Fuel®)
Category N.0 CH; CO; CO NO: NO | NO:
Actual EC’ Actual | EPA | Actual | EPA | Actual | EPA | Actual | EPA | Actual | Actual
2-Stroke PTAC2.12 0.24 572 532363 | 624 50741 | 47291 532 152 185 834 31 154
Lean Burn
4-Stroke PTACA4.16 0.26 5792 187.5 537 | 50871 | 47291 1967 239 3718 364 2899 819
Lean Burn PTAC4.18 0.54 5.72 2291 537 50871 | 47291 2538 | 239 5523 364 461.7 90.6
PTAC3.13 027 5.72 5188 | 537| 50870 47291 1417 239 94 8| 364 812 13.6
PTAC3.15 0.23 572 1936 | 537 | 50870 | 47291 2009 | 239 150.0 | 364 127.2 62.9
PTACS520 362 5792 2411 537 | 49628 | 47291 13| 239 2747 364 2697 49
Average 0.99 5.72 2740 | 537 50622 | 47291 158.9 | 239 296.7 | 364 2459 50.8
4-Stroke PTAC3.14% NA 5.72 2089 99 | 50870 | 47291 | 156135 | 1509 457 976 455 02
Rich Bum PTAC417 NA 572 388.6 99| 50871 | 47291 | 164981 | 1509 363 | 976 329 34
Average NA 5.72 208.7 00| 50870 | 47291 | 160558 | 1509 41.0| 976 30.2 1.8
1. Eeferenced based on the gross (or higher) heating value of the fuel.
2. There are no EPA AP-42 N:0 emission factors for reciprocating engines. The N20 emission factor for reciprocating engines is from an Environment Canada repot (EC

2014)
3. NoO was not successfully measured from the four stroke rich bum engines due to analyzer performance limitations.



Comparison of Turbine EFs to EPA Values

Table 4:  Actual and reference GHG and CAC emission factors for stationary gas turbine engines on an energy input basis.
Equipment | Unit ID Emission Factors (ng/J of Fuel))
Category N0 CH, CO, co NOx NO | NO;
Actual | EPA | Actual | EPA | Actual EPA Actual | EPA | Actual | EPA | Actual | Actual
All PTAC17 1.09 129 148 3.7 50036 | 47291 635 35 64.6 138 391 256
PTAC.1.8 0.75 129 2.7 3.7 50119 | 47291 52 35 714 138 60.9 105
PTAC12 1.28 1.29 0.2 3.7 50119 | 47291 355 35 237.0 138 156.4 40.6
Average 1.04 1.29 5.9 A7 50091 | 47291 347 35 1243 138 98.8 25.6

1. Peferenced based on the gross (or higher) heating value of the fuel.



N,O & O, Flue Gas Concentrations
During On/Off Cycling of a Heater
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4 APPENDIX — CHINA’S VOC GUIDELINES
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R—AEZFEA ((F) , mRAEARET
(TREEZBILEREEANT) , P A 0;
KAE, BIFFFEST (BE) ;

TEHK AR (ak) BHF, TEXRE, L
N3 28;

H-F R EimE THEARE, BT FET (%
JE) , WA 26;

R JE AR, B ET (RE)

2.5 TN 6 &A% o

E. =E; +E,p +E- +E; (/3 3D)
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A

E - FUELBK, B,

Er HEFHBTK, BIE, LARK 32;

Ewo  HEHIK, B/IF, LAR 34

Er RREMAERA, BIE, LAR 35;

Eo FHAERT A (ARBEREEANFTHRF
T, B4, WA 38,

(D #5FHBK, Ero
Ep =(Kgy + KgpV" ) DP'M, K (A 32)

A HF

Er HEFHBK, BIF;

Kra FRNEAEZEHBFKRETF, B-ERIER « F

, L% 6;

Kr AN AEZRHBRETF, B-ER (E O
R« %), Wk6;

v R E R,

n HHMEANEEHE, TENE, NLES6;

p* FAJEEHK, TENE;

VA

(a3 33)
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Pva H¥HmhrmaaE, B FrET (BE)
’ WJ/ZA\K 26;

Pa AAE, BIFFET (BE) ;
D BREE, ER;
My S TRE, BE-ER;

Kc FalF, Ra 04, REERZERNBEK 1

x6 FHAZFHMARHK

S Kra K
WExXD | FH (FBRER - %) | BRI GEO %R | D
ML X B 5 3
RAE—% 5.8 0.3 2.1
G HAR 1.6 0.3 1.6
& EFIR 0.6 0.4 1.0
BB R (AR E)
- HH—% 1.6 0.3 1.5
E TR 0.7 0.3 1.2
& EFIR 0.3 0.6 0.3
SHEHR (FERET)
RAE—% 6.7 0.2 3.0
TR 3.3 0.1 3.0
& EFIR 2.2 0.003 4.3
ML R B 5 2
\ A% 10.8 0.4 2.0
o AR 92 02 19
& EFIR 1.1 0.3 15

= ﬁﬂhﬁ%‘%giﬁﬁ%[ﬂ% Kra, K, N F{iﬁﬁ] %]:);(‘Lﬁ 6.8 %K/@\W\_F

(2) #EEHL, Ewpo

_ (0.943)QC W, [1+ NCFC} st 3a)

P D D
AP
Ewp HERA, BlF,
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Q FREE, WIF;
Cs EREEE T, W& T;
WL BIEREREE, Bimt, #8585 K

2;
D EERER, RR;
0.943 %%k, 1000 ir 73 R« fut /AR 2
Nc BHEM X EFEHE CFT 8 X #EH =&
FI#E: Ne=0. ) , TENE;
Fc EREERE, BUE 1L
R 7 PEESEEE R E T
AR SR (F8/1000 FH 3 R
E=X3 H 5 24
R 0.0015 0.0075 0.15
JE. e 0.006 0.03 0.6
B 0.0015 0.0075 0.15
& E:

HHENEFHIFUL (BEIF) BRE—K, VEF: FATRFRE K, A+%H: F
HAEERFE K, ARG,

(3) FHHEM K, Ero
E. =F.P'M, K, (A5 35)

A
Er R R K, B4

Fr RFHM A E T, BRI,
Fe =[ (N Ky )+ (N Ky )+ (N K ) | (a5 36)

P
NFi REFEMEE, TENE;
Kei RAMBB|ARATF, B-BERIE, LK 37;
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Nt ERNHELYE, TENRE;

P*, My, KcH & XN 26,

Frdy B v d R ZIT 58 WA R4 (Ne) Fe UL —

FRHHRBEAE T (Ko HHE.
T EFEESE, Ke ™ BaR 37 i H:
K = Ky, + Kgy (KV)" (A5 37)

A

Kri FHERHREE T, B-ERIE,

Krai TRER T FEM kL HE T, B-BERIF,
L% 8;

Krbi HRERLTFERETEE T,
Br-JE/R] (A Me F) , Wik 8;

m; ERFHPEXAT, LENE, LES;

Ky R EBEEREF, TERE (SFTNE,
Kv=0.7; W@ T TNFTE, K=0) ;

v FHREFHNE, &,
® 8 FIHFHEMW KA K
Kra k
Mt R (%-& (&%-ﬂz&%ﬁ/ m
IR (& "))
EHEEET, AEHG 1.6 0 0
AL TEREEE T, TEHGE 36 5.9 1.2
T EE & F, A% T 31 5.2 1.3
EREEET, BEHGF 2.8 0 0
tEH TR EEETF, LEHMH 14 5.4 1.1
TEREEET, HEHHT 4.3 17 0.38
. Wﬁ:xitﬁﬁ/f%% B H Y 33 / /
WHRAEREE, TEHE 51 / /
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Kfa kb
s RA (8- (Bp-EERI m
IR (& "+ )

EENEE, AEHME 25 / /

EREREMET LN ETH 10 / /

ey HEEXBRIEMR, FEHME 0.47 0.02 0.97

2 HEEXBRIEMR, TEHEHME 2.3 0 0
TIFELT 45 %5 = (FT E 10%) 12

TEHEEE (FHFFE) s 70 L

HEHGESE (FHFHR '

TR EE (FFR a1 %6 ’0

HEHERE CFRHO '

TR weneaz rREom) an 18 14

HEHMEEE CGFRFHE) 1 46 1.4

HEHMPERZ CGFRFHERDLR) 8.3 4.4 1.6

HERHERZ CFFRmEF0) 21 7.9 1.8

HEHEEE FFER, HEMDH) 1 9.9 0.89

ToAT #0E %= 31 150 1.4

e oA #0837 AT 25 2.2 2.1

@£ﬁ# HENBEEE 25 13 2.2

AT Z A DR 14 3.7 0.78

BB ZEHE 8.6 12 0.81

- M E AR, FRAn 4 7.8 0.01 4.0

o % 1R

Mt EAAR, A% H 6.2 1.2 0.94

THER (FERE AEHE 1.3 0.08 0.65

RN (FERE LEHE 2.0 0.37 0.91

ARER (PORED) BEHSE 0.53 0.11 0.13

oy Wﬁﬁf#@@ﬁ{?%ﬁﬁ 0.82 0.53 0.14

K, NEFR 0.82 0.53 0.14

TER (FERE), i 1.2 0.14 0.65

TREK (FORERD), 48 0.49 0.16 0.14

& & X 0 0 0

R A B E AR IS ALA, H = 0.71 0.1 1.0

] BENRBNM, TEH4H 0.68 1.8 1.0
4o E i, AE MY 98
m H ., LEHEMS 56
R HAK / 1.2

A RPEHEMEEARKET Ky Ko
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(4) FHERMK, Epo
B E T R AL, HAN 38

A HF
Ko

- £
So

E, = K,S,D*P"M, K, (/v 38)

HEBAENERET, 014 H-ER (R

BEKEHRT, ERIFFER, AFHERK

KESFHEMRMLE, LK 9;
Da P*1 MV7/I“3 KC%/EEXW_J/A\K 320

*9 HEKEFRT

55 B HAKERT
1 FRAFE 4.8
2 WER K F A 0.8

=, BRI ERIEL K

(—) K&,

AP
E s

Eo

E,.,=E,-E +E, (/3 39)
E, =QxC, (/3 40)
E, =107° x Q, x C, xt,, (3 4D
E, :10_6><Q2><C2><t&ﬁﬁ (a3 42)
C, = HM (A= 43)

RT

FHIAE VOCs FH M E, T/F;
REYAH VOCs B EXE, T /5,
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=)

, T I/E

Q1

Q2

Co

Cq

Co

AT IR EER RS VOCs &, T /4

M AR M T HE K R BY VOCs &

WK B # 8, LRI

AR EEREEN T RERE, 77K/
NEE; R, FERETHERE;
AR R EE T RERRE, 707K/
/INBE

RKREESR. BAATIFERS, BELIH
EHEBAAETHYHEE, Tr/LFX;
HAAEEFEHA T VOCs KE, ZRIFFL

77 K
A EEE R #E O VOCs WRE, ZBHRIMFFT
77K

GRSt & Ao ek 5 R ANV
SEfrEIRE, JTIRE;

mE T HEBEMHAWALEE, T,
HAHGTE, TIELR;

BAESIKELR, 8314 EH/ (ER « FFKRE)D

2 AR R bR, AT

23



B2 R AT B E AR B Bk e, K R AR S B R
ERTLBANBERAGAEEZN A E (Bl: Q1-Q) .

(=) »Rik,

L xQ
y ” (3 44)
w000 (L77) ’
M =My Mogsm > Ty (45 45)
M =B+ E (A 46)
UM_(EI-—EZ)-.—E1 (A= 47)
My Ui + Lie (3 48)
A A
L RBBUAH A T, T/ K
N« RS E, %, Wik 10;

Nws  WEHE, 9
nae  RERE, 9
Nun  WHARE, 9
t s R AL AR R 1R SE B A BOR BT[], /B

te R A KR TEERIZATHE, D,
& 10 FHRIEERERME R

BAEE M BME
RBRRAZRBEESTEHINER S 0 (REHFIHEE)
EXERARFAZE/NT-0.37 T 100% (Uc&E R
HEERRRER R EL, BEEAEE 100% (k&3 =)
H AR AR 45T E
1B, B REFREKE T,
LL:COxS (= 49)

A
S WAEF, RERBHWERXER N mELE
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iﬁné}/\j%)}%y W_J/Vj/% 11;
Co KBREFAR ., RELTFERS, KEXED
P ABERRERTHEE, TRILFX LA

= 43,
K11 NE. B ERBRTAITE AT
BT ARET s
e S IR R R 05
JRHIET % TETR (Bi#) WEE 10
o FRERE R NRE 145
R R FETH (Z@&) WEE 1.0

2.7 AE 2 AR HE R E T

(1) AE A 2 25 o8 A
L =L, +Lg (A5 50)

AP
La EAEFHERETF, TR/irrk, Wik 12;

L R AT, TR KR, WA 51
k12 HHFHENERHEKET La

A 1 I FRER BARHKETF La (FR/ILHFXK)
R IE I LY T2 0.103
KA E A ¥ & W R 0.055
E IR EIT A 1 5 YR 0.040
e T E R 0.040
E: oa: IHEZLASEAT 10 THEHAYR.
A A F Le:
MG .
L :(0.064PT —0.42)— (/3 51)
RT
2

Le ERHRE T, TR/ K
Pr mE TR RRFmOERMEIE, TH;
M KAy TE, TIEFX;
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G FEWKET 102, TEHNE;
EHWNEXREE, TXKE;
R BAESMKRESH, 8314 EH/ (BEFR « FKE)

(2) AE A8 2 2R 78 At

B I8 25 305, de B9 AR K HE A T Lo L& 13,
%13 AMERRBHREHHET L

, ; W ITIER A Bage®

Ao G bR (FH/H %) (FEILH KD
RIE U X MM R 0.315 0.465

KA EMR X YR 0.205 B AR JE A
& ke E R YR 0.180 ik &
Tl &S C # X YR 0.085 Vi &
AT R A TEX YR 0.085 TH R
TG i e & A &1 e 4 T I 0.245
A RARR I AT B2 4 0.215 0.410

VE: ar MERA (EMREE 122 %) 23 EHEHKF 5 A,

b: KA (FEAEE 3.0-3.7 K) N EIEF mavdE s AT,

c: AR ERELMRMK, MAEANIEZAE VOCs ZA

d: ETWHRAE R o 4A1%89 AR e R E e . 11%A A 34T T AL, 24% M AR M 2E4T 7 W 0% .
28% K TR . BARF 76% 4 KEE .

(3) A AR ¢ 2 IR A R e LA Y 7= o B
RBEMAHAEF LA ALK 49 it H, EfE T s

BUE W% 14,
& 14 HERAZ R A R J DUAN i BT A A [ F s
RETH #BEFR HaFHF s
KiE AR T 2R (ER) 0.2
KApm T RE (ER) 0.5

(=) HEX ARk,

¥R 44 mEHHE, ERANANBRSKERBFERE
MTEHBEHHET LLIEN X 15 F1 % 16,
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1. B RSk B R #H

K15 BB NKERIFAERET (FR/LHFK)

JEEIB T R

KRB FEERER | E¥THGER) | FEERFGRE | E¥II (FE)

ik E3 ik 3 ok &3 ik 3
W 0.812 1.624 2.355 1.624
W e 0.518 1.036 1.503 1.036
5 e 0.076 0.152 0.220 0.152
% 1.137 2.275 3.298 2.275
R 0.426 0.851 1.234 0.851
JR 0.276 0.552 0.800 0.552
LZ R 0.559 1.118 1.621 1.118
E-NCN 0.362 0.724 1.049 0.724

E: ZTRUHIFEFEERAERAEITHE, RAEBEHBHERE.

2 B R,

& 16 A A SR KA E T 2 (F 5e/30 7 oK)

. e . A& W R0 2 W ¥ SR .

3 ¥Evh b N VN
HAR atc S i (JP4) (F3E) (M) et
T IR * 13 0.073 0.060 0.00063 0.00055 0.000004

AR * 13 0.12 0.15 0.0016 0.0014 0.000011

Eroa: HHEFETIOEREMSAR, RPAMNETEEAEN 69 T, RianEE
KAJEH 34 TFha.
b: Rk H KA FA%K 13 FE I,

. k&R, i#fF. LELETIEER

Bk E. . AELETLE VOCs #rk E % H 77 ik
FERAEZNE, B H R g0E, W17, 28

TRFEM A ERAE.
%17 A F A VOCs HE i B R H 7 %

B 7 ik ERE

SE % 7m g AR R AR RAREMAL R (T aEENCERE)

W AppF A FE R AARRELRE ., Ap 2B EHR DR A E A & F
WNERH (TaEEWRERE)
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It A0 E S E R A AR A TR

(—) sRM*

EHTmEARERLE RGN EAKRERLE RS,

P EANERmE P EAME. VOCs KE., EAE
WA ERENRERE, RN E Rk A £ %15 VOCs
HHE,

E, [;QWJ x(VOCSJ.Y swx— VOCs; Wk)xtj“é—

J
>°Qu;x(VOCs, 4 —VOCS, s )X Myeere XM X ,&m} x10° (/A 52)

=1

Q, xVOCs;;, x107

>°Q,;x(VOCs; ,,—VOCs, )

j=1
_ Q,x(VOCs,;,,—VOCs,,.. )
UET3Tes Q, xVOCs,,.

x100% (/= 53)

Myesnee—

x100% (/3 54)

A F
Ere EXEANIREE, T7/F;
Quwj EAdE. AERS ] TRWEAXRE, L
7 KI/NE
VOCsj: E AW E. AERG ] TRHEAKFHELR
WAENIRE, Z5/F;
VOCsjux BEAUWE., ABZA% | TEHAKFWEL
WANMIRE, Z3/F;
tasn | TEORWE R AR M W& AT 8/t 3
, /NEES
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ten J LEHE ARG E A E /N4,
/INBE
n B S, RERG TR
m mEFREAABRBENRERMACER AT
B4R,
Q EAAERmHE T KANLERE, LK KN
iR
VOCs 4= KA E R 0 &FE R ERTIIIKE,
Sl 3L K
VOCs »= & AR M 1 7 F 2R VLK,
yel 3L K
Nwens W EWECEHEN R AR RGEE LR Y
MR, %;
Niwnr KARBREBERXEFTIINEZHRR X
, %,

e

e

(=) ik,

Epek = B + E (5 55)
A
Ewe WKERGEANF. RERFFE AR EB
umEH# VOCs #ig, Tx/F, WAaX 10, THFmEAX

AAE, # 85 TimitsH;
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E «k JE AR E & KA T KA # VOCs HEK
&, Txn/F, WL 56,
Eim = Zn:[lO—3 xQ ><(EVOCSH7K’i —EVOCs,, , ; )xti]

(2 56)
A
E e SRS SR B B 09 15 & MR AL HE AR
T, TRIF;
Qi BB E R R i EAKRE, 3L KRID
il

EVOCs w4 B AW ERAE R M i vk F ok HE
EWRNIRE, ZRIF; 5B (KR EF
BRI E MR A -3E 2 AT AP A D HY
501—2009 # = "k fit | Hlex (POC) By A
T H %, £+ POC N KA HLE (TOC) 571
"R BB ALBR (NPOC) #9218

EVOCs s+ BEAMERAE R i BT HEHTHE
KUERINIIRE, ZTIF;

t R AL TR M | B IEAT 1], ANEHIE

(=) HE A&

n

Epei = 2 (SxQ xt;) (A3 57)

i=1

X
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S He A%, TR/ A%, Wk 18;
Qi AR AR E, T KINEE
t; AR e | By EIEAT R, NEF/E,
& 18 A JE KA B 1Z i VOCs HEm & Hmk R 20k
ERRAER
% F % B (FEIL e
*)
W‘%@?M 06 HHE (T =l AR X EALEE k)
EARE EA e I \
e 0.005 HHE (FE) R AKX EALBE (AR

Eroar BRASEREIE R MR R TR A B AN AR R .

B RRIGIE S HE

(—) K&,

P

E u

N

By :Z(lo_SXCnXQnXt) (/A 58)

n=1

BRI R, VOCs By HEAR &, T /4
FENERE, ®IFE, (wazsiell e 1/~
RHCSE Lk EE, N N=8760) ;

EREY

Fon RNE;

FnRNMERWEARE (T,
iy AN
B nRNERHEA T VOCS K E, Z R/

PTOR & Z ] A f@ Yy B K, /NE
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(=) HEX A $k,

n
Eyge = 2(10_3 X Qe X EF Xt) (/3 59)
i=1
AP
Qrei MAHiWVEREE, B (E/MED) . AAR (I
FARIUNED) | A WA (L FKINE, &
/‘\\> 5
EFi MR HEROR K, T RIBRRA A,
W% 19;
t KEWFITATHE ], /NEHAE,
% 19 ¥RA VOCs HE#R 7 %
WRRK A LN Hk R (FREME-H)
B, B AHEE 0.030
B, RAHEE 0.020
e M 0.055
v £ T EALEEF P HN 0.025
PRI TR R BRPR 0.025
I 0.650
F R 5.000
AR AR 0.025
WA, é;fl&@ 77 B % 0.020
. TN 0.035
ML EE 4 b HE N 0.015
AR A 0.015
& ERA RS 0.015
TC R b Y HE b 0.150
B, 3k 4 b 0.038 (T 3&/w4-31)
W e @ Tk k4R 0.140 (F 52/ -3)
TP KA e i 0.100 (F 3&/4-3)
REHKASL - 1.762E-04 (T %/ 77 ¥ KA A)
T ) 0.132 (F /A KBmUEBA,
e WA
i b ] 0120 (F3E/ A KRBEME #WA,
& B

Eioar AHER A VLEEF R AN (TNMOC) K% VOCs;
b: WAHKZAHULANMAY (TOC) K% VOCs,
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Ay

7 TZRESAHM

(—) K&,

N

E s = 2 (10° xQ, xC, xt) (25 60)

T

Eraon HAHAAFEMIZ %A VOCs FHmME,
T w4+

N SENERE, KIF, (WEARNLE 1)
B3 1R EE, N N=8760) ;

n MERH, FnrlE;

Qn EnRNERFRIWNERRE (TH) , &£
iy AN

Cs % n R EEHE P VOCs R E (T
ER AL

t RN & Z 8] B PR Y B K, /NET

(=) ki k.

B s ROBLE  {F % T B 3T A By VOCs H ik & 7] Fl %

=26 -2 -G -2G (/3 61)
i i () pesni e

P
YGyx HEsitiE VOCs FHm=z, T w/4;
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YGup HrRIABHME, TR/F;
YGrap BB RAME TR, T R/F;
YGry BRXRIABHMAELERENE, T/F

YGax EUBIABEERIMAE, T/

KRR 5% H VOCs # &R, FamE” T2
TR, MR R, e (Bl a) AR, TRIERET
A ARIEATHH

(=) HE R A

A TEREMNKEFELLZ A VOCs ik EZE

E i _Zn:(t?xEFxN ] (% 62)
m
A
Even JEREMKEEXKIE VOCs FHmE,
T u/ 4
ti EREMKE | WAEZATH ], /NE/EF;
li EREMKE i WaEERE, KIN

EF B R4, T/ (B8« BRE3H), B} 259

Ni EREMZE | N ERETERIEANK
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t \ .I. < %Qﬂ—/\ﬁkﬁﬁ

Ha A B xE A TERENKET ETEH VOCs H ik
EEA,

n

Eseus = 2 (EF x Flow,,, xt;) (25 63)
i=1
3
E zax HERENEEYELE VOCs FHm =,
T /4

Flow :xi LR EMHKE | Wt B &, vi//NE

EF VOCs HF 7t % %%, wh/wh-k & # 8, B
1.63E-04;

t R EMKE | FTATEE, /DB,

I\ REESIZHS
AL Y HERCR BB R T H R

B 3R B S B Y HE R TR R AR R T AR 0k
WA S5 AEl,. RERERFD &R, XA “E&af”
AEBAHENE:; RERAERFOEEY, XA “Ffog
87 REBRAHEME

TP 0 AR A HE AR R PR R R, L
3K 6. AFAEFHENERARIIAALNELE
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HATEW, XA “XHEEBERG M “FFOEL” R8N
AlzEHmeE; ERARR AN RELE R HE, XA T
NEL” RELEHKE.

Ly KIEHERR

(—) AT XIeegdmttfr 5 ik,

N

M
By i = Z{Q” xt xC, x 22”4><(1— F )} (N5 64)

n=1

A
E e i KJE i 89 VOCs Hmk &, T 7/4;
n MEFH, FnRNE;
N FIlE KRB KIE TR TR BTN E R,
Qv # n kM ER KJEARIME, LK/
th & n R EE KB TR IE], /NBE
Cn % n KN E B VOCs My &R -4k ;
Mn % nkilEH VOCs 2 F&, T /T ER;
22.4 FEIRURAREE M R4, L RKITEER
Fer KIEHMBRRE, %,

R I T HENKSE AR g F g AT E SN E .
bk JEESL TR, EREIERETRE D& 3 /NEH
BT — R AT EMBEKIEEFBETES Feff>98%.
WL HTHEEEXERKEE, Nk 20,
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A& 20 KBTI G A R BUE

Bk Ak 3k

KIE T, %

KB &1 KB MR 2K &

A, KB A KRB % B =T7.45MI/m?;

B. Y E#Z=>DN80mm. &4 &=8% (k1 EH 4
#0O B, HORE<37.2m/s B <Viax;

C. H HR#<18.3 m/s, 18 &}k b & (R el % H(H
>37.3 MI/Im3 B, A HEAAL 2 =18.3 mis,
/LE_IEL <Vmax E_ <122 m/s

T B %k 98%

F% A KB AR S AVE =11.2MI/m8

R IE <<18.3 mfs, [H L ke A A B %
R H>37.3 MIIm3 Bt, A FHEm IR E = 98%
18.3m/fs, 18 <Vimax B <122 m/s:
. ERRIRR<4

w

C

. | AL KB AR E M IE =11.2MI/m8;
S S Bk . " ’ 98%
1“\‘5})]%7 B 'L‘H D‘/Jﬁﬁ<vmax 0

3

THME | TR KIER S HE. R e A 93%

R OKJE R % D 3 7 B 4 93%
sy | mmgpp LPRRERERE, DR R 0

Tt R ARG A B &t 80%

[ER | THERKIERERE, B DR A 93%

BT
A

W[ KB A & RIHEOKEREF A R AEA 0%

(=) EFRENDHEE X
N
E = .| Q, x(1— Feff )| (A5 65)
n=1

AP

Ew:  KJERZH VOCs FHmE, T/4F;

N FF M BRE, KIF

n HRRE, & n KEK;

Qn FnREREHBHENKREREESE (TF)

T3
Feff KAE IR R
AT i T AR KBS AT SEFR N E R L, R KB
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MR Z Jy 80%.

(=) A THAEHEA R 0k,

N
E, e =D (Q,xt,xLHV, xEF) (/A5 66)

n=1
A HF:
E e i KJEi# VOCs Hk &, Tw/%;
n  MEFH, FnkilE;
N FIE KRB KIE G R TR BTNE R
Qn % n KMER KIERWEFRE, L7 KIN
iR
th & n R EE KB T (ERE I, /NEE;
LHV, % n K& B KJER B RAE, KEF/LH
X
EF VOCs W 24, TRIKE, ko=l & (
LR Eit) BB T, &% 6.02 E-05,
& SARARTURL Al S AR AR B S AR . KJE
ER S ER, 25 66 AL 1 (1-Feff), H# Feff R\
18 B 98%.

. FEBLR (FHEIRER) HIM

P K ME R Zn1% /2 R, 64 F1/0 3 66 % & VOCs Hepk & i,
Fi2 LTI B VOCs B A EEMZ B, B M L IAZHE
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(=) Xk (AR IEE),

n P, +101.325 273.15
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Guidelines for Accounting and Reporting
Greenhouse Gas Emissions
China Petroleum and Natural Gas Producing Enterprises

(Trial)



Instructions

I.  Purpose and Significance of the Guidelines

In order to carry out the task of “establishing and perfecting greenhouse gas accounting system
and gradually setting up a carbon emission trading market” as proposed in the Outline of the
12th Five-Year Plan and to implement the requirements of “building greenhouse gas emission
accounting system at the national, local and enterprise levels and carrying out the system of
direct energy and greenhouse gas emission data reporting by key enterprises” as proposed in the
Work Plan for Greenhouse Gas Emission Control during the 12th Five-Year Plan (GF[2011] No. 41),
the National Development and Reform Commission (NDRC) issued the Notice on Organizing and
Implementing Greenhouse Gas Emission Reporting by Key Enterprises (Institutes) (FGQH [2014]
No. 63) and organized research on and preparation of the guidelines on greenhouse gas emission
accounting and reporting of enterprises in key industries. The Guidelines for Accounting and
Reporting  Greenhouse Gas Emissions from China Petroleum and Natural Gas Producing
Enterprises (Trial)(the Guidelines) are prepared to help petroleum and natural gas producing
enterprises with (i) accurate accounting and standard reporting of greenhouse gas emissions; (ii)
scientific formulation of the action plan; and (iii) preparation of countermeasures for greenhouse
gas emissions control. The Guidelines also lay a foundation for the authority to establish and

implement greenhouse gas emission reporting system for key enterprises.

Il. Preparation Process

The Guidelines are prepared by the National Centre for Climate Change Strategy and
International Cooperation (NCSC) under the authorization of the NDRC. Using the findings of
research in China and abroad on greenhouse gas emission accounting and reporting from
enterprises and relevant practical experiences and the Guideline for Preparation of Provincial
Greenhouse Gas List (Trial) issued by the NDRC Office as the reference, the preparation team
completed the Guidelines for Accounting and Reporting Greenhouse Gas Emissions from China
Petroleum and Natural Gas Producing Enterprises (Trial) through field survey and in depth
research. Efforts have been made to ensure that the Guidelines are science-based,
comprehensive, standardized and practical. During the preparation of the Guidelines, strong
support has been received from China Petroleum and Chemical Industry Federation, China
National Petroleum Corporation, China Petrochemical Corporation, China National Offshore Oil
Corporation, and Petro China Pipeline R&D Center.

I11. Main Contents

The Guidelines for Accounting and Reporting Greenhouse Gas Emissions from China Petroleum
and Natural Gas Producing Enterprises (Trial) consist of the main text and two appendices. The
text is comprised of seven sections, namely, scope of application, references, terms and
definitions, accounting boundary, accounting methods, quality assurance and documentation,



and contents of the report. The Guidelines apply to independent legal enterprises and
independent accounting entities considered legal persons that are engaged in petroleum and
natural gas production in China. Categories of emission sources and types of gases subject to
accounting and reporting mainly include carbon dioxide (CO;) emissions from fuel combustion,
COzand CHsemissions from flare burning, CO,and CH4 emissions from process ventilation, CHs
fugitive emissions from equipment leakage, recycled and utilized CHs, recycled and utilized CO,,
and CO; emissions embodied in net purchased electric power and heating power.

1V. Issues that Need Clarification

Petroleum and natural gas producing enterprises using the Guidelines shall deem independent
corporate enterprises or independent accounting entities considered as legal persons at the
lowest level as the boundary to account and report emissions of greenhouse gasses from all
production facilities whose operation is under their control. Where the reporting entity is
engaged in other product production activities with greenhouse gas emissions apart from
production of petroleum and natural gas, references shall be made to the guidelines on
greenhouse gas emission accounting and reporting of enterprises in the relevant industries for
accounting and reporting the greenhouse gas emissions of these production activities.

Enterprises shall provide corresponding activity level and emission factor data used for
calculation of the discharge amount, which shall be used as the basis for checking and verification.
Enterprises shall measure their activity level and emission factor data as far as possible. For the
sake of users, the Guidelines refer to many literatures including 2006 IPCC Guidelines for National
Greenhouse Gas Inventories, IPCC Good Practice Guidance and Uncertainty Management in
National Greenhouse Gas Inventories, and Guidelines for Preparation of Provincial Greenhouse
Gas Inventories (Trial). The Guidelines also sort out the parameters related with the types of
some common fossil fuels and the emission factors of different facilities of the petroleum and
natural gas system for the reference of enterprises in need of measurement conditions.

Considering the fact that enterprise-based GHG emissions accounting and reporting are a
completely new endeavor, some inadequacies may be found in practical application of the
Guidelines, and it is hoped that those application units may provide their individual feedback
in a timely manner, all aimed at making further revision and improvement in the future.

The Guidelines are published by the National Development and Reform Commission, which

is responsible for their interpretation and revision when appropriate.
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1. Application Scope

The Guidelines are applicable to the accounting and reporting of greenhouse gas emissions of
Chinese petroleum and natural gas producing enterprises. Enterprises engaged in the production
of petroleum and natural gas within the Chinese territory may refer to the Guidelines to account
and report their greenhouse gas emissions. Where enterprises are engaged in other product
production activities with greenhouse gas emissions apart from production of petroleum and
natural gas, references shall be made to the guidelines of greenhouse gas emission accounting
and reporting for enterprises in the relevant industries for accounting and reporting the
greenhouse gas emissions of these production activities.

2. References

The following documents are referred to in the Guidelines:

General Guideline of Greenhouse Gas Emission Accounting and Reporting for Industrial

Enterprises;

ISO 14064-1 Greenhouse Gases Part 1: Specification with Guidance at the Organization Level
for Quantification and Reporting of Greenhouse Gas Emissions and Removals;

Guideline for Preparation of Provincial Greenhouse Gas Inventories (Trial);
The People’s Republic of China National Greenhouse Gas Inventory 2005;
2006 IPCC Guidelines for China National Greenhouse Gas Inventory;

GB 17167General Principle for Equipping and Managing of the Measuring Instrument of Energy in
Energy Using Organization;

GB/T 213Determination of Calorific Value of Coal;

GB/T 384Determination of Calorific Value of Petroleum Products;
GB/T 22723Energy Determination for Natural Gas;

GB/T 476Determination of Carbon and Hydrogen in Coal;

SH/T 0656Standard Test Methods for Instrumental Determination of Carbon, Hydrogen and
Nitrogen in Petroleum Products and Lubricants (Element Analyzer Method);

GB/T 13610Analysis of Natural Gas (by Gas Chromatography Method);and

GB/T 8984Determination of Carbon Monoxide, Carbon Dioxide and Hydrocarbon in Gases — Gas



Chromatographic Method.

3. Terminology and Definitions

For the purpose of the Guidelines, the following terminology and definitions apply.
3.1 Petroleum and natural gas production

Petroleum and natural gas production refer to the exploitation process of natural crude oil and
liquefied or gaseous natural gas on land or at sea, including activities such as exploration, drilling,
gathering and transfer, separate treatment, storage and transportation.

3.2 Oil and gas exploration

Oil and gas exploration refers to activities conducted to identify exploration areas and prove oil
and gas reserves, such as geological survey, geophysical exploration and drilling.

3.3 Oil and gas exploitation

Oil and gas exploitation refers to the whole process of bringing crude oil and natural gas from
reserves to the surface through the oil or gas well, including underground work, gathering and
transportation at mines, offshore platforms and onshore transfer, loading and unloading, and
storage.

3.4 OQil and gas treatment

Oil and gas treatment refers to the purification process of oil-gas separation, stabilizing treatment
of crude oil, and removal of impurities, water and acid gas from oil or natural gas.

3.5 Oil and gas storage and transportation

Oil and gas storage and transportation refer to the long-distance pipeline transfer and storage of
petroleum and natural gas, including the process of receiving liquefied natural gas through
submarine pipelines, underground gas storage reservoir, and the entry/exit stations of liquefied
natural gas, storing liquefied natural gas, gasifying liquefied natural gas and transporting it to the
transfer or delivery facilities of natural gas.

3.6 Greenhouse gases (GHGs)

A greenhouse gas is natural or man-made atmospheric component in gaseous state
that absorbs and emits radiation within the thermal infrared range. The GHGs addressed in the
Guidelines refer to the six types of GHGs which are listed in Annex A of the Kyoto Protocol:

carbon dioxide(CO2), methane(CH4), nitrous oxide(N20), hydrofluorocarbons(HFCs),

perfluoro-carbon (PFCs) and sulfur hexafluoride (SFs). The Guidelines require that petroleum and


http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Absorption_(electromagnetic_radiation)
http://en.wikipedia.org/wiki/Emission_(electromagnetic_radiation)
http://en.wikipedia.org/wiki/Thermal_infrared
http://unfccc.int/kyoto_protocol/items/2830.php

natural gas producing enterprises shall account CO; and CHa.
3.7 Reporting entity

Reporting entity refers to independent corporate enterprises or independent accounting entities
considered as legal persons with greenhouse gas emissions.

3.8 Emissions from fuel combustion

Emissions from fuel combustion refer to emissions of greenhouse gases produced from
intentional oxidation of fossil fuels for the purpose of energy utilization?.

3.9 Emissions from flare combustion

Emissions from flare combustion refer to the emissions of CO; and CH4 produced from the
combustion of combustible waste gases, for the sake of safety, before their discharge that are
from all links of the production of petroleum and natural gas.

3.10 Emissions from process ventilation

Emissions from process ventilation refer to the emissions of greenhouses gases carried by
waste gas flow that are discharged into the atmosphere as needed by the process in the
production and petroleum and natural gas, apart from fuel combustion and flare emissions.

3.11 Fugitive emissions

Fugitive emissions refer to unorganized emissions caused by the leakage of equipment, rather
than for purposeful reasons.

3.12 CH4 recovery and utilization

CH4 recovery and utilization refer to recovery and utilization of CH,4 carried by the waste gas flow
of process ventilation by the reporting entity as so as to prevent it from being discharged into the
atmosphere.

3.13 CO; recovery and utilization

CO; recovery and utilization refer to recovery of CO; produced by the reporting entity, used as
the raw material of production, supplied to other units as products so as to prevent it from being
discharged into the atmosphere.

3.14 CO; emissions embodied in net purchased electric power and heating power

CO, emissions embodied in net purchased electric power and heating power refer to emissions of

1 The purpose of fuel combustion is to provide heat or mechanical power for certain process.
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CO; of net electric power or heating power (steam, hot water) purchased by an enterprise that is
equivalent to fuel combustion in the production process.

3.15 Activity level

Activity level refers to the quantification of those activities of the reporting entity during the
reporting period, which result in emissions or removal or certain greenhouse gases, such as the
combustion of each fossil fuel, usage of fossil fuel as the raw material, purchased or sold

electricity quantity, purchased or sold heat quantity, etc.
3.16 Emission factors

Emission factor refers to the quantified rate of GHG emissions per unit of activity. Emission
factors are generally acquired on the basis of sample measurement or statistical analysis. They
indicate the representative emission rates or removal rates at certain activity level under given

operational conditions.
3.17 Coal oxidation rate

Coal oxidation rate refers to the rate of carbon oxidized in the process of coal combustion. It

represents the combustion efficiency of coal.

4. Accounting Boundary

4.1 Enterprise boundary

The reporting entity shall deem independent corporate enterprise or the independent accounting
entity considered as the legal person as the enterprise boundary for accounting and reporting of
greenhouse gas emissions from all production facilities whose operation is under its control. The
scope of the facilities includes the basic production system that is directly related with the
exploration, exploitation, treatment, storage and transportation of petroleum and natural gas,
auxiliary production system and the affiliated production system that directly serves production.
Among them, the auxiliary production system includes dynamics, power supply, water supply,
heating, refrigeration, machine maintenance, assay, instrumentation, warehouse (raw material
stock yard) and transportation in the plant area. The affiliated production system includes the
production control and management system (headquarter) and the departments and units (such
as the staff cafeteria and workshop bathrooms) serving production in the plant area.

4.2 Emission sources and types of gases

The reporting entity shall account the following categories of emission sources and types of

gases:



421 CO,emissions from fuel combustion

CO; emissions from fuel combustion refer to emissions of CO, produced in the combustion of
fossil fuels to supply power and heat in various links of the production chain of petroleum and
natural gas.

4.2.2 Emissions from flare combustion

For the sake of safety, petroleum and natural gas producing enterprises usually concentrate
combustible waste gas produced in all production activities to one or several flare systems for
combustion before discharge. Besides CO,, flare combustion may also produce a small amount of
CHsand the flare system of petroleum and natural gas production needs to account the emissions
of both CO; and CHa.

4.2.3 Process ventilation

Process ventilation mainly refers to the purposeful emissions of CHs or CO; through the release
outlets or safety valves of process devices in various links of petroleum and natural gas
production, such as natural gas emissions from pneumatic devices, pressure release emissions,
emissions from equipment purge, exhaust emissions in the process, emissions of dissolved gases
from storage tanks. The businesses and links of petroleum and natural gas producing enterprises
are many and unique, and thus the process ventilation of various businesses and links shall be
accounted separately.

4.2.4 CH, fugitive emissions

CH4 fugitive emissions mainly refer to unorganized emissions of CHs produced by equipment
leakage in various businesses and links of petroleum and natural gas production, such as the
leakage of valves, flanges, pump encapsulation, compressor seal, pressure reducing valves,
sampling connection, process drain, opening pipelines, casing pipes, storage tanks, and the
leakage of other pressure equipment that are not defined as process ventilation. The businesses
and links of petroleum and natural gas producing enterprises are many and unique, and thus the
fugitive emissions of various businesses and links shall be accounted separately.

4.2.5 CH4 recovery and utilization

CH4 recovery and utilization refer to recovery of CHs carried in the waste gas flow of process
ventilation by enterprises through energy-saving and emissions reduction technologies, so as to
prevent it from being discharged into the atmosphere. Recovered and utilized CHs can be
deducted from the total emissions amount of the enterprise.

4.2.6 CO; recovery and utilization

CO; recovery and utilization include the recovery of CO, produced from fuel combustion or
industrial production process, recovered by the enterprise and used as raw production material



and that is supplied to other entities as product. Recovered and utilized CO; can be deducted
from the total emissions amount of the enterprise. Due to lack of appropriate accounting
methods, the geological storage of CO; and the emissions reduction issue in the displacement of

reservoir oil are not considered here.

4.2.7 CO, emissions embodied in net purchased electric power and heating power

Such emissions are actually from enterprises producing electric power and heating power, but
caused by the consumption of the reporting entity, and in line with the agreement, are calculated

in the name of the reporting entity.

CO; emissions from fuel
combustion

CO; and CH4 emissions of
flare combustion

Oil and gas exploitation CO; and CH4 emissions of
process ventilation

CHy, fugitive emissions
Hidden CO; emissions of
net purchased electric and
Qil and gas storage and transportation heating power

Recycled CH4

Recycled CO,

Oil and gas exploration

Oil and gas treatment

Fig. 1 Emission sources and types of greenhouse gas emissions in the production of petroleum

and natural gas

5. Accounting Methodology

After the accounting boundary being identified, greenhouse gas emissions can be accounted
through the following steps:

(1) Identify the greenhouse gas emission businesses and links owned by enterprises and
determine the emission sources and types of gases;

(2) Select corresponding calculation equations for the emissions of greenhouse gases;

(3) Acquire activity level and emission factor data;

(4) Account the emissions of greenhouse gases according to corresponding equation based on
acquired data;

(5) In line with stipulated form, describe and summarize the calculation process and results of

greenhouse gas emissions.

Total greenhouse gas emissions of the reporting entity shall be equal to CO; emissions from fuel



combustion plus emissions from flare combustion, process ventilation and fugitive emissions of
various businesses and links (non-CO,gases shall be converted to CO;in line with the global
warming potential, i.e. GWP) minus CO; recovery and utilization of the enterprise, plus CO;
emissions embodied in net electric power and heating power purchased by the enterprise.

EGHG=ECOZ_combustion+EGHG_ﬂare+ Z (EGHG_process + EGHG_fugitive)_RCH4_recovernyWPCH4
$

- RCOZ_recovery+EC02_net powert ECOZ_net heat

Where,

GHG refers to the total greenhouse gas emissions of the reporting entity. It is expressed in unit

ton COy;

E

£02 - ombustion refers emissions of CO, produced from combustion of fossil fuel in various types

of combustion equipment in the accounting boundary. It is expressed in unit ton CO;
Ecne_flare refers to emissions of greenhouse gases caused by flare combustion. It is expressed in
unit ton COy;

EGHG-process refers to process ventilation of various businesses by enterprises. It is expressed in
unit ton COy;

EGHa-fugitive refers to equipment fugitive emissions of various businesses by enterprises. It is
expressed in unit ton COy;

s refers to types of businesses involved by enterprises, including exploration, exploitation,
treatment, storage and transportation of petroleum and natural gas;

RcHa-recovery refers to the amount of CHs recovered and utilized by enterprises. It is expressed in
unit ton CHgy;

GWPcHa refers to the GWP value of CHs compared with CO,. In line with the second evaluation of
IPCC, 1ton of CH4 is equivalent to the warming capacity of 21 tons of CO,in 100 years, and thus
GWPchs is equal to 21;

Rco2 -recovery refers to the recovered CO, of enterprises and is expressed in unit ton CO;

- het power refers to the CO, emissions embodied in net electric power purchased by the

reporting entity. It is expressed in unit ton CO;; and



E

€02~ et heat refers to the CO, emissions embodied in net heating power purchased by the

reporting entity. It is expressed in unit ton CO.
5.1 CO; emissions from fuel combustion

5.1.1 Calculation equation

CO; emissions from fossil fuel combustion of the reporting entity is equal to the sum of fossil fuel
combustion of various combustion facilities multiplied by corresponding carbon level and carbon
oxidation rate, as shown by the following equation:
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ECO?2 bustion = , (AD1, jXCCi, jXOFI, jX —) ... 2
_combustion ZJ Zl ( J J J 12) (2)

E

€0 - combustion refers to CO2emissions produced from the combustion of fossil fuel of enterprises.

It is expressed in unit tonCOy;
i stands for the category of the fossil fuel;
j stands for the code of the combustion facility type;

AD;jrefers to the consumption capacity of the it" fossil fuel combusted in the combustion facility
of j, and for solid or liquefied fuels, is expressed in unit t; and other gaseous fuels, in unit 10,000
Nm?3 of the standard condition of gaseous fuels; and the volume of non-standard condition shall
be converted to that of standard condition;

CC;,j refers to carbon content in fuel gas iin facility j, and is expressed in unit ton carbon/10,000
Nm3, for solid and liquefied fuels; in unit ton carbon/10,000 Nm?3, for gaseous fuels; and

OF;,j refers to the coal oxidation rate of fuel gas i, and ranges from 0 to 1.
5.1.2 Data monitoring and acquisition

The burning capacity of various fossil fuels for combustion equipment shall be determined based
on the original record or statistical ledger of enterprise energy consumption, and refers to the
fossil fuel to be fed into the combustion equipment and burned as fuel, including types of energy
produced and recovered by enterprises.

5.1.2.1 Carbon content of fossil fuel

Wherever practical, the enterprise may determine for itself or entrust a competent professional
certification body to determine the carbon content of the fuel on a regular basis. The



determination of the carbon content in the raw material (fuel) shall be conducted in accordance
with GB/T 476Determination of Carbon and Hydrogen in Coal, SH/T 0656 Standard Test Methods
for Instrumental Determination of Carbon , Hydrogen , and Nitrogen in Petroleum Products and
Lubricants(element analyzer method), GB/T 13610 Analysis of Natural Gas Composition—Gas
Chromatography, or GB/T 8984 Determination of Carbon Monoxide, Carbon Dioxide and
Hydrocarbon in Gases—Gas Chromatographic Method. (i) For coal, the determination of carbon
content shall be conducted when every batch of coal is transported into the plant or at least on a
monthly basis, and the carbon content in such type of coal shall be determined based on the
quantity of incoming coal or monthly coal consumption weighted average. (ii) For oil, the
determination of carbon content shall be conducted when every batch of oil is transported into
the plant or at least on a quarterly basis, and the arithmetic mean value shall be obtained and
deemed to be the carbon content in such type of oil. (iii) For fuel gas such as natural gas, the
determination of gas components shall be conducted when every batch of gas is transported into
the plant or at least on a half year basis, and the carbon content in the gas shall be calculated
based on the volume concentration of every type of component and the number of carbon atoms
in the chemical equation of such component.

Where:

n: component of gas to be determined;

CCg: carbon content of gas (g) to be determined, ton carbon/10,000 Nm3;

Vn: volume concentration of every type of component (n) of gas to be determined, with the value

range of 0~1, e.g. 0.95 for volume concentration 95%;

CNn: number of carbon atoms in chemical formula of gas component (n);

12: molar mass of carbon, kg/kmol; and
22.4: ideal molar volume of gas in standard conditions, Nm3/kmol.

For common commercial fuels, the low heating value of the fuel may be determined regularly for
estimation of the carbon content in such fuel by Equation (4).



Where:

CC;: carbon content in the fossil fuel (i), with ton carbon/ton fuel as the unit for solid and liquid

fuel while ton carbon/10,000 Nm3 for gas fuel;

NCVi: low heating value of the fossil fuel (i), MkJ (GJ)/Ton for solid and liquid fuel while GJ
/10,000 Nm?3 for gas fuel; and

EFi: carbon content of unit heat value in fossil fuel (i), ton carbon/GJ. For carbon content of unit

heat value in common commercial energies, see Table 2.1 of Appendix II.

The determination of low heating value of fuels shall be conducted in accordance with GB/T 213
Determination of Calorific Value of Coal, GB/T 384 Determination of Calorific Value of Petroleum
Products, and GB/T 22723 Energy Determination for Natural Gas. (i) For coal, the determination
of low heating value shall be conducted when every batch of coal is transported into the plant or
at least on a monthly basis, and the low heating value of such type of coal shall be determined
based on the quantity of incoming coal or monthly coal consumption weighted average. (ii) For
oil, the determination of low heating value shall be conducted when every batch of oil is
transported into the plant or at least on a quarterly basis, and the arithmetic mean value shall be
obtained and deemed to be the low heating value of such type of oil. (iii) For fuel gas, the
determination of low heating value shall be conducted when every batch of gas is transported
into the plant or at least on a half year basis, and the arithmetic mean value shall be obtained
and deemed to be the low heating value of such gas.

In case the determination is impractical, the enterprise may take directly the default values as the
low heating value of some common fossil fuels from Table 2.1 of Appendix II.

5.1.2.2 Oxidation rate of fuel carbon

The default value 0.98 may be taken as the oxidation rate of liquid fuel. The default value 0.99
may be taken as the oxidation rate of gas fuel. For solid fuel, the default value may be taken from
Table 2.1 in Appendix Il as per the type of solid fuels.

5.2 Emissions from flare combustion

Flare combustion of petroleum and natural gas producing enterprises can be divided into flare
gas combustion under normal process conditions and that caused by accidents, which, in light of
their difference data monitoring basis, are suggested to be accounted separately. In addition, in
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light of the fact that the relatively high content of CH4 and insufficient combustion of flare gas of
petroleum and natural gas producing enterprises, flare combustion of petroleum and natural gas
producing enterprises shall consider the emissions of both CO; and CHa.

EGHG_flare=ECc02_normal flare + EcO2_accident flare + (ECH4 normal flare + ECH4_accident flare) X

(GWPcwa) (5)
Where,

Eco2-flare refers to the emissions of CO; produced in flare combustion. It is expressed in unit ton
COy;

Eco2-normal flare refers to the emissions of CO,produced by the flare system under normal process
conditions. It is expressed in unit ton COy;

Eco2-accident flare refers to the emissions of CO,produced by accident flare. It is expressed in unit
ton COy;

EcH4-normal flare refers to the emissions of CH4 produced by the flare system under normal process
conditions. It is expressed in unit ton CHs; and

EcH4-accident flare refers to the emissions of CHasproduced by accident flare. It is expressed in unit

ton CHa.

5.2.1 Greenhouse gas emissions under the normal operation condition

5.2.1.1 Calculation equation

44
Eco2_normal flare =Z [Qnormal flare X (CCnon co2 X OF X E +VCO2X19.7) ... (6)
ECH4_norma| flare =Z [Qnormal flare X VcHa X OF X (1—OF) X717 ... (7)
i
Where,

f refers to the number of the flare system;

Qnormal flare refers to the flare gas flow of No.iflare system under normal production conditions. It

is expressed in unit 10,000 Nm3;

CCnon-co2 refers to the total carbon amount of other carbon containing compounds except for
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CO, in flare gas. It is expressed in unit 10,000 Nm3. See Equation (8) for its calculation method;

OF refers to the carbon oxidation rate of No. iflare system. If there is no measured value, the
default value 0.98 may be used;

Vcoz refers to the volume concentration of CO; in flare gas and ranges between 0 and 1. For

example, the volume concentration of COzin flare gas is 2%, and Vco2 is 0.02;

VcHa4 refers to the volume concentration of CH, in flare gas; 4 s the conversion coefficient of

12

carbon and COy;

19.7 refers to the concentration of CO, under the standard condition and is expressed in unit
ton/10,000 Nm3; and

7.17 refers to the concentration of CHs under the standard condition and is expressed in unit
ton/10,000 Nm3.

5.2.1.2 Data monitoring and acquisition

For the flare system under normal process conditions, the flare gas amount Q normal flare in the
reporting period can be calculated based on the flow monitoring system, engineering calculation

or similar estimation methods.

The COzand CH4 concentration in Equation (6) and Equation (7) shall be acquired based on gas

content analyzer or flare gas, and the CCnhon-co2 of other carbon containing compounds except for

CO; in the flare gas shall be calculated based on the volume concentration of each gas content
and the number of carbon atoms in the chemical formula of this content as the following

equation:

cC _z (12anxC/anlO) ©)
non-CO2 N 00 4

Where,

n refers to the gas components in flare gas, except for CO;

CCnon-co2 refers to the carbon content of other carbon-containing compounds in flare gas, except

for CO,, and it is expressed in unit ton carbon/10,000Nm3;
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Vn refers to the volume concentration of the nt" carbon-containing compound (including carbon

monoxide) in flare gas, except for CO2, and ranges from 0 to 1. For example, if the volume
concentration of a certain carbon-containing compound is 90%, then V, is 0.9; and

CNn refers to the number of carbon atoms in the chemical formula of the nt"carbon-containing

compound in flare gas.
5.2.2 Greenhouse gas emission of accidental flare
5.2.2.1 Calculation equation

Currently, flare gas combustion caused by accidents in petroleum and natural gas producing
enterprises is not monitored, so direct access to flare gas data is very difficult. It is suggested that
the flare gas combustion amount shall be estimated based on the average gas flow into the flare
of accident facilities and the persisting time of accidents, and the emissions of CO; and CH4 shall
be estimated based on the combustion of accident flare:

ECO2-accident flare= E GFaccident,j

-7

x Taccident, j x (CC(non — C02) x OF x % + V(C02)j x19.7

where,

j refers to the number of accidents;

GFaccident j refers to the flare gas flow velocity of the j® accident in the reporting period, it is

expressed in unit 10,000 Nm3/hour;

Taccident j refers to the duration of the ji accident in the reporting period, it is expressed in unit

hour;

CC(non-c02); refers to the total carbon amount of other carbon-containing compounds in flare gas,
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except for CO,, in the jth accident and is expressed in unit ton carbon/10,000 Nm?3. Its calculation
method is shown by Equation (8);

OF refers to the carbon oxidation rate of flare combustion, and if there is no measured value,
default value 0.98 may be used;

V(co2); refers to the volume concentration of CO; in flare gas in the /! accident; and

VcHa refers to the volume concentration of CO; in flare gas in accidents.

5.2.2.2 Data supervision and acquisition

The duration time of accident flare Taccident,j and the average gas flow GFaccident,j shall be based

on the accident survey report. The CO, and CH4 concentration in accident flare shall be acquired

based on the gas component analyzer or the source of flare gas accidents. The CCnon-co2 of other

carbon-containing compounds in flare gas, except for CO;, shall be calculated based on the
volume concentration of each gas component and the number of carbon atoms of the chemical
formula of corresponding component, in line with Equation (8).

5.3 Greenhouse gas emissions of petroleum and natural gas exploration

The CO; emissions from fossil fuel combustion in petroleum and natural gas exploration are
accounted and reported in the “CO; emissions of fuel combustion”; the emissions of flare
combustion in petroleum and natural gas exploration are accounted and reported in the
“emissions of flare combustion”; CHs emissions of process ventilation in petroleum and natural
gas exploration are calculated as follows.

53.1 Calculation equation

In accordance with the current domestic petroleum and gas exploration process, combustible
gases such as CHs are seldom ventilated in the petroleum and gas exploration process.
Unimpeded ventilation through test wells of natural gas is possible, and usually recovered or
processed through flare combustion. If ventilated directly, CHs emissions shall be calculated
based on Equation (11):

B
EcHatestwell= Y, (Qux Hk x VCH4, k x 7.17 x10%) . (11)

k=1

where,
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EcH-test well refers to the CHsamount directly emitted through the test wells of natural gas and is
expressed in unit ton CHg;

k refers to the serial number of natural gas well through which gases are emitted directly in well
testing operation;

Qk refers to the unimpeded flow of natural gas well of the k" well testing that conducts

unimpeded ventilation; the unimpeded flow shall be converted into the volume of gas under the
standard condition and expressed in unit Nm3/hour;

Hk refers to the hours of well testing operation of the k*" natural gas well, and is expressed in unit

hour;

VcHa4,k refers to the volume concentration of CH, of the ventilated gas of the k" natural gas well,

and ranges from 0 to 1; and

7.17 refers to the concentration of CHs under the standard condition and is expressed in unit
ton/10,000 Nm3.

5.3.2 Data monitoring and acquisition

The unimpeded flow Qk of the natural gas well and the volume concentration, VcHa,k, of CHs in

the discharge shall use their arithmetic average values based on the detected data of enterprises;

the work hour, Hk, shall be acquired from the operation record of enterprises.

5.4 Greenhouse gas emissions of petroleum and gas exploitation

The CO; emissions of fossil fuel combustion in petroleum and gas exploration are accounted and
reported in the “CO.emissions of fuel combustion”; the emissions of flare combustion in
petroleum and gas exploration are accounted and reported in the “emissions of flare
combustion”.

The CHs emissions and CHj fugitive emissions in process ventilation of petroleum and gas
exploitation are mainly from the wellhead, single-well storage device, block station, and united
station of crude oil exploitation, and the wellhead, gas-gathering station,
measurement/distribution station and storage station of natural gas exploitation. Their
calculation methods are as follows:

5.4.1 Process ventilation of petroleum and gas exploitation

15



5.4.1.1 Calculation equation

CH4 emissions in process ventilation of petroleum and gas exploitation can be calculated based
on the number of facilities in various exploitation links and the emission factor of process
ventilation of different facilities:

ECH4_exploitation ventilation = z (NumjxEF) ... (12)
=

where,

ECH4_exploitation ventilation refers to the CHs emissions of process ventilation in petroleum and gas

exploitation, and is expressed in unit ton CHa;

j refers to the device type of the petroleum and gas exploitation system, including the wellhead,
single-well storage device, block station, and united station of crude oil exploitation, and the
wellhead, gas-gathering station, measurement/distribution station and storage station of natural
gas exploitation;

Numj refers to the number of the j* device, and is expressed in unit piece; and

EF;j refers to the CH4 emission factor of process ventilation of the j™ device, and is expressed in

unit ton CHa/year/piece.

5.4.1.2 Data monitoring and acquisition

The number of various devices, Numj, in Equation (12) applies the practical production and

operation data of enterprises, the CHs emission factor of process ventilation of various devices,

EFj, shall apply the measured value of enterprises on a priority basis; enterprises having no

measurement capability may use the default values based on corresponding device type, as
stipulated in Table 2.2 in Appendix II.

5.4.2 CH, fugitive emissions of petroleum and gas exploitation
5.4.2.1 Calculation equation

CH, fugitive emissions of petroleum and gas exploitation may be calculated based on the number
of various facilities in the exploitation link and the fugitive emission factor of various facilities.
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ECH4_exploitation fugitive = Z (Numoil,j X EFoil j)+ Z (Numgas,jx EFgasj) ... (13)
J J

where,

EcH4_exploitation fugitive refers to the CHs fugitive emissions produced by various facilities in the

exploitation of petroleum and natural gas (including the wellhead, single-well storage device,
block station, and united station of crude oil exploitation, and the wellhead, gas-gathering station,
measurement/distribution station and storage stations of natural gas exploitation), and is
expressed in unit ton CHg;

J refers to the type of various facilities;

Numoil j refers to the number of leaking facilities involved in the exploitation of petroleum and

natural gas, and is expressed in unit piece;

EFoilj refers to the CHs4 fugitive emission factor of various types of facilities involved in the

exploitation of petroleum and natural gas, and is expressed in unit ton CHa/year/piece;

Numgas,j refers to the number of leaking facilities involved in the exploitation of petroleum and

natural gas, and is expressed in unit piece; and

EFgas,j refers to the CHs fugitive emission factor of various types of facilities, j involved in the

exploitation of natural gas, and is expressed in unit ton CHa/year/piece.

5.4.2.2 Data monitoring and acquisition

Numoil,j and Numgasj of various types of facilities in Equation (13) apply the realistic operation

data of enterprises; the CHs4 fugitive emission factor of various facilities, EFoil,j and EFgasj shall

prefer the measured values of enterprises; enterprises having no measurement capability may
use the default value based on corresponding device type, as stipulated in Table 2.2 in Appendix
Il.

5.5 Greenhouse gas emissions in petroleum and gas treatment

The CO; emissions of fossil fuel combustion in petroleum and gas treatment are accounted and
reported in “CO; emissionsof fuel combustion”; the emissions of flare combustion in petroleum
and gas treatment are accounted and reported in the “emissions of flare combustion”; the
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process ventilation and fugitive emissions of petroleum and gas treatment are accounted as
follows.

5.5.1 Process ventilation of petroleum and natural gas treatment

The process ventilation of petroleum and natural gas treatment is mainly in the treatment of
natural gas and produced greenhouse gases include CHs and CO,. The accounting methods of the

two greenhouse gases are as follows:
5.5.1.1 The CH4 emissions of process ventilation in natural gas treatment
5.5.1.1.1 Calculation equation

The CHsemissions of process ventilation in natural gas treatment are mainly in the reproduction
of ethanediol in the dehydration device. The amount of CHsemissions can apply the following

equation:

ECH4_gas process ventilation=Qgas X EFCH4_gas process ventilation

where,

ECH4 gas process ventilation refers to the CHiemissions of process ventilation in natural gas

treatment, and is expressed in unit ton CHg;

Qgas refers to the amount of treated natural gas and is expressed in 100 million Nm?3; and

EFCH4_gas process ventilation refers to the CHs emission factor of process ventilation in natural gas

treatment and is expressed in unit ton CHs /100 million Nm3,
5.5.1.1.2 Data monitoring and acquisition

The amount of treated natural gas in Equation (14) applies the data of corporate accounts; the
CHsemission factor in natural gas treatment prefers the measured values of enterprises;
enterprises having no measurement capability may use the default value based on corresponding
device type, as stipulated by Table 2.2 in Appendix Il.

5.5.1.2 The CO; emissions of process ventilation in natural gas treatment

5.5.1.2.1 Calculation equation
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The acid gas removal (amine, membrane, molecular sieve, etc.), CO; removal and other processes
in natural gas treatment may emit CO,, whose amount can be accounted based on the entrance
and exit gas amount of the acid gas removal equipment and the volume concentration of CO;, in
line with Equation (15).

N

44
Eco2_acid gas removal = z (Qin,k x Vco2,in,k —Qout,k X Vc02,0ut,k) X 29 1 x 10 .. (15)

k=1

where,

Eco2_acid gas removal refers to the annual CO; emissions produced in the acid removal process and

is expressed in unit ton COy;

k refers to the serial number of acid removal equipment;

Qink refers to the volume of gases treated by the k™ acid gas removal equipment and is

expressed in unit 10,000 Nm?3;

Vco2,in,k refers to the volume concentration of CO; in (untreated) gases through the entrance of

the k* acid gas removal equipment, and ranges from 0 to 1;

Qout,k refers to the volume of gases treated by the k™ acid gas removal equipment and is

expressed in unit 10,000 Nm?3;

Vco2,out k refers to the volume concentration of CO; in gases through the treatment of the ki

acid gas equipment, and ranges from 0 to 1; and
44 refers to the molecular weight of CO,, and is expressed in unit kg/kmol.
5.5.1.2.1 Data monitoring and acquisition

The amount of natural gas that flows into and out of the acid gas removal equipment shall be
monitored by the flowmeter in a continuous manner; if the flowmeter is not available, other
methods can also be used to identify the amount of gas flow.

The volume concentration of CO, before and after acid gas removal may be measured by the
continuous gas analyzer. If the continuous gas analyzer is not available, it can be measured by
calculating the average concentration value of CO;samples on a monthly basis.

5.5.2 CHg4 fugitive emissions of petroleum and natural gas treatment
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5.5.2.1 Calculation equation

CH, fugitive emissions in petroleum and natural gas treatment are mainly in the link of natural
gas treatment; CHasfugitive emissions in natural gas emission can be measured based on the
treated amount of natural gas, in line with the following equation:

ECH4 fugitive gas in treatment=Qgas X EFCH4_fugitive gas in treatment

where,

EcH4_fugitive gas in treatment refers to theCH, fugitive emissions in natural gas treatment, and is

expressed in unit ton CHg;

Qgas refers to the treated amount of natural gas, and is expressed in unit 100 million Nm?3; and

EFCcH4_fugitive gas in treatment refers to the CHafugitive emission factor in treated per unit of treated

natural gas, and is expressed in unit tonCH4/100 million Nm?3 natural gas.
5.5.2.1 Data monitoring and acquisition

The treated amount of natural gas in Equation (16) applies the data of corporate accounts; the
CH, fugitive emission factor prefers the measured values of enterprise; enterprises having no
measurement capability may use the default value based on corresponding device type, as
stipulated by Table 2.2 in Appendix Il

5.6 Greenhouse gas emissions of petroleum and natural gas storage and

transportation

The CO; emissions of fossil fuel combustion in petroleum and gas storage and transportation are
accounted and reported in the “CO,emissions of fuel combustion”; emissions of flare combustion
in petroleum and natural gas storage and transportation are accounted and reported in the
“emissions of flare combustion”; the process ventilation and fugitive emissions in petroleum and
natural gas storage and transportation are accounted and reported as follows.

5.6.1 Emissions of process ventilation of petroleum and natural gas storage and transportation
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5.6.1.1 Calculation equation

Emissions of process ventilation in petroleum and natural gas storage and transportation are
mainly from ventilation activities of compressor/booster stations, pipelines (check valves),
measurement/distribution stations and pigging stations. The emissions of process ventilation of
these facilities are calculated based on the number of facilities and the emission factor of process
ventilation of various facilities:

ECH4_ventilation in gas transportation = Z (Numj x EFj)
J

where,

ECH4_ventilation in gas transportation refers to the emissions of process ventilation produced in the
transportation of natural gas, and is expressed in unit ton CHg;

j refers to various types of facilities in the transportation of natural gas, including
compressor/booster stations, measurement/distribution stations, pipelines (check valves), and
pigging stations;

Numj refers to the number of the jth petroleum and natural gas transportation facility, and is

expressed in piece

EF;j refers to the emission factor of the process ventilation of the ji petroleum and natural gas

transportation facility, and is expressed in unit ton CHs/year/piece;

5.6.1.2 Data monitoring and acquisition

The number of various types of facilities, Numi, in Equation(17) applies the data in the actual

operation of enterprises. The emission factor of the process ventilation of various types of
facilities, EFi, shall first use the measured values of enterprises; enterprises having no
measurement capability may refer to the default value based on corresponding device type, as
stipulated in Table 2.2 in Appendix II.

5.6.2 CH4 fugitive emissions of petroleum and natural gas storage and transportation

CHafugitive emissions of petroleum and natural gas storage and transportation are mainly from
the leakage in the transportation of crude oil and natural gas. The leakage in the transportation
of petroleum products is low and thus, CHasfugitive emissions in this process are not calculated.

5.6.2.1 Calculation equation

CHafugitive emissions produced in the transportation of crude oil are mainly from the leakage of
crude oil transportation pipelines and may be estimated based on the transported amount of
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crude oil in line with the following equation:

ECH4_leakage in oil transportation=Qoil X EFCH4_leakage in oil transportation

where,

ECH4_ leakage in oil transportation refers to the CH4 fugitive emissions in the transportation of crude

oil and is expressed in unit ton CHa;

Qoil refers to the transported amount of crude oil and is expressed in unit 100 million ton; and

EFCH4_ leakage in oil transportation refers to the CHs fugitive emission factor of crude oil
transportation, and is expressed in unit ton CH4/100 million ton crude oil.

The fugitive emissions in natural gas transportation are mainly from leakage in valves,
compressor/booster stations, measurement/distribution stations, pipelines (check valves), and

other facilities and may be calculated based on the number of various facilities and the CHa
fugitive emission factor of various types of facilities:

ECH4_fugitive emission in gas transportation= Z (Numjx EFj)
j
where,

ECH4_fugitive emission in gas transportation refers to the CHs fugitive emissions in the transportation

of natural gas and is expressed in unit ton CHg;
Numj refers to the number of facilitiesi (including compressor/booster stations,
measurement/distribution stations, pipelines, check valves) that have leakage in the

transportation of natural gas and is expressed in unit piece; and

EFj refers to the CHafugitive emission factor of every facility j, and is expressed in unit ton

CHa/year/piece.
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5.6.2.2 Data monitoring and acquisition

The amount of various types of facilities in natural gas transportation applies the actual
production and operation data of enterprises; the CHafugitive emission factor of various types of
facilities shall prefer the measured values of enterprises; enterprises having no measurement
capability may refer to the default value based on corresponding device type, as stipulated in
Table 2.2 of Appendix Il.

5.7 Recovered and utilized CH4

5.7.1 Calculation formula
If the reporting entity has recovered CH4 and the CHsemission factor in the process ventilation
mentioned above has failed to reflect the effect of CH4 recovery technology, then the recovered

and utilized amount of CH,4 shall be calculated in line with the following equation and deducted
from the total CHsemissions mount of enterprises:

RcH4_recovery=Qre X PURCH4 X 7.17

where

RcH4_recovery refers to the recovered and utilized amount of CHs4 of the reporting entity, and is

expressed in unit ton CHg;

Qre refers to the recovered volume of CHsof the reporting entity, and is expressed in 10,000 Nm3;

PURCcH4 refers to the purity of CHs(the volume concentration of CH4) and ranges from 0 to 1; and

7.17 refers to the concentration of CHsunder standard conditions, and is expressed in unit
ton/10,000 Nm3.

5.7.2 Data monitoring and acquisition
The recovered volume of CHjof the reporting entity shall be determined based on corporate

accounts or statistical statements. The purity of CHsshall be determined based on corporate
accounts.
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5.8Recycled CO;

5.8.1Calculation equation

The CO; recycled amount of the report entity shall be calculated as per the following equation:

Rco2_recycle=Qre X PURcoO2 x19.7

where:

Rco2_recycle: COzrecycled amount of the report entity, ton CO;

Qre: volume of CO,recycled by the report entity, 10,000 Nm3; and

PURco2: degree of purity (volume concentration) of CO,, with the value range of 0~1.

5.8.2 Data monitoring and acquisition

The amount of CO,recovered of the reporting entity shall be determined in accordance with the
ledger or statistical statements of the enterprise. The purity of CO;shall be determined by the
leger of the enterprise.

5.9 Indirect CO2emissions from net purchase of power and heat

5.9.1 Calculation equation

The indirectCO2emissions from net purchase of power and heat by the report entity shall be
calculated as per Equations (22) and (23) respectively.

Eco2_net power=ADelectric powerXEFelectric power ... (22)

Eco2_net heat=ADheatXEFheat ...... (23)

where:

Eco2_net power: hidden COzemissions from net purchase of power by the report entity, ton CO;

24



Eco2_net heat: hidden CO;emissions from net purchase of heat by the report entity, ton CO»;

ADelectric power: consumption of net electric power purchased by the enterprise, MWh;

ADheat: consumption of net heat purchased by the enterprise, GJ;

EFelectric power: CO2emission factor of electric power supply, ton CO2/MWh; and

EFheat: CO2emission factor of heat supply, ton CO,/GJ.

5.9.2 Data monitoring and acquisition

The consumption of net electric power purchased by the enterprise shall be calculated based on
the electric instrument reading for settlement between the enterprise and the power grid
company or the ledger or statistical statements for energy consumption of the enterprise, and
shall be equivalent to the net difference between the power purchased and the power for
external supply.

The consumption of net heat purchased by the enterprise shall be calculated based on the
settlement document for purchase of heat or the ledger or statistical statements for energy
consumption of the enterprise, and shall be equivalent to the difference between the total heat
of purchased steam and hot water and the total heat of the steam and hot water for external

supply.

The hot water measured in mass unit may be converted to that in heat unit as per Equation (24):

ADhot water=Mawx(Tw-20)x4.1868x10-3  ..... (24)

where:

ADhot water: heat of hot water, GJ;

Maw: mass of hot water, ton hot water;

Tw: hot water temperature, °C; and

4.1868: specific heat of water at normal temperature and pressure, kl/(kge°C).
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The steam measured in mass unit may be converted to that in heat unit as per Equation (25):

ADsteam= MastX(Enst—83.74)X10—3 ...... (25)

where:

ADsteam: heat of steam, GJ;

Mast: mass of steam, ton steam; and

Enst: corresponding temperature of steam, enthalpy per kg of steam under pressure, kl/kg. For

the enthalpy of saturated steam and superheated steam, see Table 2 and Table 2.4 of Appendix Il
respectively.

The COzemission factor of electric power supply shall be the CO, emission factor of average
power supplied by power grid in the area where the production site of the enterprise is located,
and shall be valued in accordance with the latest data issued by the competent department.

The CO.emission factor of heat supply shall prioritize the CO,emission factor provided by the
heat supply entity; if this value is unavailable, 0.11 ton CO,/GJ may be employed as the
COzemission factor.

6. Quality Assurance and Documentation

The report entity shall establish the quality assurance and document archiving system for the
greenhouse gases emissions report of the enterprise, including:

6.1 Establish the rules and regulations for quantification and reporting of greenhouse gases of
the enterprise, including the organization mode, responsible organ, workflows, etc.

6.2 Develop the list of main greenhouse gases emission sources of the enterprise, determine,
document, and archive the appropriate quantification method of greenhouse gases.

6.3 Make feasible monitoring plan for parameters involved in the calculation process. The
monitoring plan shall include: Parameters to be measured, specific location of sampling point or
measuring equipment, sampling method and procedure, monitoring method and procedure,
monitoring frequency or time point, data collection or delivery process, responsible department,
quality assurance and quality control (QA/QC) procedure, etc. The enterprise shall appoint
relevant department and special personnel for sampling, monitoring, analysis, recording,
collection, and archiving of data. If default values are taken as parameters for calculation of some
emission factors, the data source of the default values shall be provided and the updated plan
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shall be checked on a regular basis.

6.4 Make the periodic calibration schedule of the measuring equipment and verify and calibrate
all the measuring equipment in accordance with relevant specifications on a regular basis. In case
it is found that any equipment performance fails to meet relevant requirements, the enterprise
shall take necessary correction and rectification measures promptly.

6.5 Develop the countermeasures for missing data, change of production activities or reporting
methods. In case the activity level or emission factor of specific emissions is missed through
calculation, the enterprise shall employ appropriate calculation methods to determine the
corresponding period and the conservative surrogate data for the missed data.

6.6 Stipulate the specifications for document management, store and maintain the documents
and data records of annual report for greenhouse gases, and ensure that relevant documents can
be available wherever requested by the third party for checking and reported to the competent
department.

6.7 Establish the internal audit and verification procedure for data, summarize the data
fluctuation status during the calculation period by means of cross validation of different data
sources, compare with historic operation data in past years to determine the main logic audit
relationship, and ensure the completeness and accuracy of the activity level data.

7. Contents of Report
The reporting entity shall report the following contents as per the format shown in Appendix I.
7.1 Basic information of the reporting entity

The basic information of the reporting entity shall include the name of the reporting entity, the
reporting year, nature of the unit, the industry involved, the organization or branch, the
geographical position (including the registered address and the production place), the time of
establishment, the development history, the legal representative, the preparer of the report and
its contact information.

7.2 Emissions of greenhouse gas

The information about greenhouse gas emissions to be reported shall include the total emissions
of greenhouse gases during the reporting period of the enterprise, and shall report, in mass units,
the CO,emissions from combustion of fossil fuels, CO,and CH4 emissions of flare combustion, CO,
and CHsemissions of process ventilation, CHasfugitive emissions, recycled CHjand CO.,
hiddenCOzemissions implied in net amounts of electric power and heating power purchased, and
the emission sources and amounts of relevant greenhouse gases that are not included in the
Guidelines but shall be accounted and reported in line with other guidelines released by the
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authorities.

7.3 Explanation of activity level and data sources

The reporting entity shall report the data of activity level of each emission source calculated
respectively while taking into consideration of the accounting boundaries and classification of the
emission sources. In addition, the reporting entity shall state the monitoring plans and
implementation of these plans in detail, including data sources or monitoring positions,
monitoring methods, and recording frequency.

7.4 Explanation of emission factor and data sources

The reporting entity shall report the carbon contents that correspond to each activity level or
other emission factor calculating parameters respectively. If the data is actually measured, then
the monitoring plan and its implementation shall be introduced, or the data sources, the
references, related consumption and the reasons shall be provided.

7.5 Other explanations

If the reporting entity wishes to provide other explanations, the reporting entity can state issues
one by one or provide suggestions on how to amend the Guidelines.
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Appendix I: Report Format Template

Greenhouse Gas Emissions Report

China Petroleum and Natural Gas Producing
Enterprises

Reporting entity (seal):
Reporting year:

Date of preparation:
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According to the Guidelines for Accounting and Reporting Greenhouse Gas Emissions for
China Petroleum and Natural Gas Producing Enterprises (Trial), the enterprise calculated its
greenhouse gas emissions of the year and filled out the related data sheets. The entity
herewith reports the relevant information as follows:

I Basic information of the reporting entity

Il Emission conditions of greenhouse gas

Il Description of data of activity level and the data sources

IV Description of data of emission factor and the data sources

V  Description of other conditions

This report is true and reliable. If the information provided in this report fails to reflect
the reality, this enterprise will bear the corresponding legal responsibility.

Legal person (Signature):

Date
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Attachments:

Table 1-1:Summary Sheet of Greenhouse Gas Emissions of the Reporting Entity in

Table 1-2:Data Sheet of Activity Level and Emission Factor for Major Combustion Facilities

Table 1-3:Data Sheet of Activity Level and Emission Factor for Other Combustion Facilities

Table 1-4:Data Sheet of Activity Level and Emission Factor of Flare Combustion Emissions

Table 1-5:Data Sheet of Activity Level and Emission Factor of the Process Ventilation of Petroleum
and Natural Gas Exploration

Table 1-6:Data Sheet of Activity Level and Emission Factor of the Process Ventilation of Petroleum
and Natural Gas Exploitation

Table 1-7:Data Sheet of Activity Level and Emission Factor of CHsFugitive Emissions of Petroleum
and Natural Gas Exploitation

Table 1-8:Data Sheet of Activity Level and Emission Factor of the Process Ventilation of Petroleum
and Natural Gas Treatment

Table 1-9:Data Sheet of Activity Level and Emission Factor of CH4 Fugitive Emissions of Petroleum
and Natural Gas Treatment

Table 1-10:Data Sheet of the Activity Levels and Emission Factors of the Process Ventilation of

Petroleum and Natural Gas Storage and Transportation

Table 1-11:Data Sheet of the Activity Levels and Emission Factors of CH4 Fugitive Emissions of

Petroleum and Natural Gas Storage and Transportation

Table 112:Data Sheet of CH4 Recycled Amounts

Table 1-13:Data Sheet of CO, Recycled Amounts

Table 1-14:Data Sheet of Activity Level and Emission Factor of Net Purchased Electric Power and
Heating Power
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Table 1-1: Summary Sheet of Greenhouse Gas Emissions of the Reporting Entity in __

Type of source Petroleum and Petroleum and Petroleum and Subtotal of Emissions of
natural gas natural gas natural gas Petroleum and  natural emissions greenhouse gases?
exploration? exploitation? (unit: | treatment? (unit: gas storage and amount (unit: (unit: CO3

(unit:ton) ton) ton) transportation? (unit: ton) ton) equivalent)

CO; emissions from
combustion of fossil

fLiels
CO; emissions from

flare combustion

CH4 Emissions from
flare combustion

CH4 emissions from
process ventilation

CO; emissions from
process ventilation

CH4 fugitive emissions

Recycled amount of
CH4
Recycled amount of
CO;

CO, emissions implied

in net amount of

CO, emissions implied

in net amount of
Total emissions ofExcluding CO2 emissions implied in net amounts of electric power and heating power

greenhouse gas of the[lncluding CO, emissions implied in net amounts of electric power and heating power

. urchased
enterprise P

Note:!If some emission sources are not accounted based on businesses and links or cannot be splited into businesses or links, then “IE”
shall be writen in according columns, which means that calculated elsewhere; and the emissions amount shall be writen in the column of
emissions amount;

2The formula of conversing CH4 emissions amount into the equivalent amount of CO»: The equivalent amount of CO2= CH4 emission amount

VAL
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Table 1-2: Data Sheet of Activity Level and Emission Factor for Major Combustion Facilities®
Type of fuel Combusted Carbon Data source Lower heating Data source Carbon content Carbon Data source
amount(10,0 content(ton value?(GJ/10,0 in unit heat oxidation
00 Nm3) carbon/10,000 00 Nm?3) value?(ton rate(%)
Nm3) carbon/GJ)
Coke oven [1Measured value [IMeasured [IMeasured
gas [ICalculated value value[1Default value[1Default
value value
Blast furnace [1Measured value [I1Measured [IMeasured

[JCalculated value

value[JDefault

value[JDefault

gas
value value

Converter [1Measured value [IMeasured [IMeasured

gas [ICalculated value value[IDefault value[1Default
value value

Other fuel [1Measured value [IMeasured [IMeasured

gases? [ICalculated value value[IDefault value[1Default
value value

Notes:

1  Combustion facilities with the annual emissions amount above 10,000 ton CO; are major combustion facilities. The reporting entity shall copy and fill out this

table separately for each major combustion facility.

2  To estimate the carbon content of fuels through the lower heating value of the fuel and carbon content of per unit of heat, please fill out this column.
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3 If the type of energy combusted is not listed in the table, the reporting entity is required to add it on its own.
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Table 1-3: Data Sheet of Activity Level and Emission Factor for Other Combustion Facilities®
Type of fuel Combuste
d amount
! (unit: ton Data source Data source Carbon Carbon
orl\}:;g)oo Carbor-1 f:ontent Lower heating content  inlgxidation Data source
(unit: ton value? unit heatrate (%)
carb°t':)/:°“ or (unit: GJ/ton or value 2 (unit:
3
carbon/10,000 G/ 10,000 Nm) ton
Nm3) carbon/GlJ)
Anthracite [I1Measured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [1Default value
Bitumite [IMeasured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [1Default value
Lignite [IMeasured value [IMeasured
[ICalculated [IMeasured value value
value [IDefault value [1Default value
Cleaned coal [I1Measured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [1Default value
Other washed coal [I1Measured value [1Measured
[ICalculated [I1Measured value value
value [IDefault value [1Default value
Briquette coal [I1Measured value [1Measured
[ICalculated [I1Measured value value
value [IDefault value [1Default value
Coke [IMeasured value [IMeasured value [1Measured
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[ICalculated [IDefault value value
value [1Default value
Crude oil [I1Measured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [1Default value
Fuel oil [I1Measured value [1Measured
[ICalculated [I1Measured value value
value [IDefault value [1Default value
Gasoline [IMeasured value [1Measured
[ICalculated [I1Measured value value
value [IDefault value [1Default value
Diesel [IMeasured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [1Default value
Aviation kerosene [IMeasured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [1Default value
Common kerosene [IMeasured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [1Default value
Naphtha [IMeasured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [IDefault value
Petroleum coke [IMeasured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [IDefault value
Liquefied natural [IMeasured value [1Measured
gas [ICalculated [I1Measured value value
value [IDefault value [IDefault value
Liquefied [IMeasured value [IMeasured value [1Measured
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Notes: 1 The sum of the combusted amount of every type of fuel in all combustion plants other than key combustion plants.
To estimate carbon content of fuel with lower heating value of the fuel and carbon content in unit heat value, please fill out this column.

2
3

petroleum gas [ICalculated (I Default value value
value [1Default value
Other petroleum [I1Measured value [1Measured
products [ICalculated [IMeasured value value
value [IDefault value [1Default value
Coke oven gas [IMeasured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [1Default value
Blast furnace gas [IMeasured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [1Default value
Converter gas [IMeasured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [1Default value
Other gases [IMeasured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [1Default value
Natural gas [IMeasured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [1Default value
Refinery dry gas [IMeasured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [IDefault value
Other fuels? [IMeasured value [1Measured
[ICalculated [IMeasured value value
value [IDefault value [IDefault value

If the fuel burnt by the reporting entity is not listed in the table, the reporting entity is required to add the fuel on its own.
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Table 1-4:

Data Sheet of Activity Level and Emission Factor of Flare Combustion Emission

Type of fuel Flare gas Data source Total carbon Data source The volume The Coal oxidation
amount ! amount of other concentrati volume of flare
(10,000 carbon-containing on of CO2 | concentrati combustion
Nm3) compounds inflaregas | | on of CH4
except for CO2 (%) in flare gas
(GJ/10,000 Nm?3) 1(%)
Flare system 1 [JMeasured value [1Measured [1Measured

[JCalculated value

value[JDefault
value

value[JDefault
value

Flare system 2

[OMeasured value
[JCalculated value

COMeasured
value[JDefault
value

[OMeasured
value[JDefault
value

Flare system...!

[OMeasured value
[JCalculated value

COMeasured
value[JDefault
value

[OMeasured
value[JDefault
value

The 1t accident

flare

[OMeasured value
[JCalculated value

COMeasured
value[JDefault
value

[OMeasured
value[JDefault
value

The 2" accident

flare

[OMeasured value
[JCalculated value

[OMeasured
value[JDefault
value

[OMeasured
value[JDefault
value

The ...'" accident

flare

[OMeasured value
[JCalculated value

[OMeasured
value[JDefault

[OMeasured
value[JDefault
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value value

Notes:

1  Reduced based on the actual number of flare systems within the boundary of the enterprise
2 Reduced based on the actual number of accidents of the reporting entity
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Table 1-5:  Data Sheet of Activity Level and Emission Factor of the Process Ventilation of Petroleum and Natural Gas Exploration

The number of natural The unimpeded The work hours of
gas well that conducts | amount of natural gas ventilation of
unimpeded ventilation wells (Nm3/hour) exploration wells
(hour)
2
n
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Table 1-6: Data Sheet of Activity Level and Emission Factor of the Process Ventilation of Petroleum and Natural Gas Exploitation
Petroleum Type of equipment Number of The CH4 emission Data source of the emission factor
exploitation equipment factor of process
ventilation
(ton/year/one)
Wellhead equipment [1Measured value[JChemical calculation [Default
value
Single well storage [1Measured value[JChemical calculation [Default
equipment value
Transfer station
Combination station
Natural gas Type of equipment Number of The CH,4 emission Data source of the emission factor
exploitation equipment factor of process
ventilation
(ton/year/one)
Wellhead equipment [1Measured value[JChemical calculation [Default
value
Gas gathering station [IMeasured value[JChemical calculation [Default
value
Measurement/distributio [DMeasured value[JChemical calculation [JDefault
n station value
[IMeasured value[JChemical calculation [IDefault

Storage station

value
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Table 1-7: Data Sheet of Activity Level and Emission Factor of CH, Fugitive Emissions of Petroleum and Natural Gas Exploitation
Petroleum Type of equipment Number of The CH4 emission Data source of the emission factor
exploitation equipment factor of process
ventilation
(ton/year/one)
Wellhead equipment [1Measured value[JChemical calculation [Default
value
Single well storage [1Measured value[JChemical calculation [Default
equipment value
Transfer station
Combination station
Natural gas Type of equipment Number of The CH4 emission Data source of the emission factor
exploitation equipment factor of process
ventilation
(ton/year/one)
Wellhead equipment [1Measured value[JChemical calculation [Default
value
Gas gathering station [IMeasured value[JChemical calculation [Default
value
Measurement/distributio [DMeasured value[JChemical calculation [JDefault
n station value
[IMeasured value[JChemical calculation [IDefault

Storage station

value
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Data Sheet of Activity Level and Emission Factor of Process Ventilation of Petroleum and Natural Gas Treatment

Table 1-8:
CHgventilation Annual treated amount | CH4 emission factor Data source of the emission factor
of natural gas (100 of natural gas
million Nm3) treatment (ton
CH4/100 million
Nm3)
[IMeasured value[]Default calculation [1Others
CO; Number | Amount of entered gas Volume Amount of entered gas The volume concentration of
ventilati of (10,000 Nm3) concentration of (10,000Nm3) existed CO,(%)
on de-acidi exited CO2(%)
fication
equipm
ent
2
n
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Table 1-9: Data Sheet of Activity Level and Emission Factor of CH, Fugitive Emissions of Petroleum and Natural Gas Treatment

The CH4 emission factor of natural
Annual treated amount of natural . L.
gas treatment (ton CH4/100 million | Data source of the emission factor

as (100 million Nm3
gas ( ) Nm?)

LdMeasured value[JDefault
calculation [Others
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Table 1-10:  Data Sheet of the Activity Levels and Emission Factors of the Process Ventilation of Petroleum and Natural Gas Storage and Transportation
Type of Number of equipment The emission factor of Data source of Emissions amount of CH, (ton)?!
equipment process ventilation emission factor
Compressor/boost [1Measured value[]

er stations in
natural gas
transportation

Default calculation
Others

O

Measurement/dis
tribution stations
in natural gas
transportation

[OMeasured valuel
Default calculation
Others

O

Natural gas
pipelines (check
valves)

[OMeasured valuel
Default calculation
Others

O

Pigging stations in
natural gas
transportation

[OMeasured valuel
Default calculation
Others

O

Subtotal of CH4 emissions amount

Notes: !If the enterprise has the measured value or engineering calculated value of ventilation, it can fill out the table with this value and specify the process of
measurement or engineering measurement in the report. Enterprises are encouraged to conduct measurement studies on compressors, pipeline check valves,

filters and other ventilation sources.
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Table 1-11:

Data Sheet of the Activity Levels and Emission Factors of CH, Fugitive Emissions of Petroleum and Natural Gas Storage and Transportation

Transportation of
natral gas

Transported Emission Emissions
amount (100 factor(ton/100million
T : Type of equipment million ton ton) Data source of emission factor amount of
ranportation of . —1= -
crude oil Transportation pipelines of crude oil [OMeasured value[]Default value[JOthers
Type of equipment Number of Emission factor Emission factor data sources
equipment (ton/year/one)

Compressor/booster stations in
natural gas transportation

[OMeasured value[JMeasured value[JOthers

Measurement/distribution stations

in natural gas transportation

[OMeasured value[JDefault value  [JOthers

Natural gas pipelines (check

valves)

[OMeasured value[JDefault value  [JOthers

Pigging stations in natural gas

transportation

[OMeasured value[JDefault value ~ [1Others

Subtotal of CH4 emissions amount

Notes: 1 Enterprises are encouraged to conduct detection studies CH4 fugitive emissions. If the enterprise has the measured value, it may specify the detection
methods, tools and process in the report.
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Table 1-12:  Data Sheet of CHsRecycled Amounts

Recycled CH4 amount (10,000 Nm3)

Volume concentration of CO, (%)

Concentration of CO»(ton/10,000Nm3)

Table 1-13:  Data Sheet of CO; Recycled Amounts

Recycled CO; amount (10,000 Nm3)

Volume concentration of CHy (%6)

Concentration of CH4 (ton/10,000Nm3)
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Table 1-14:

Data Sheet of Activity Level and Emission Factor of Net Purchased Electric Power and Heating Power

Type

Net purchased amount
(MWh or GJ)

The emission factor of CO,

Purchased amount (MWh orlAmount of external supply

GJ)

(MWh or GJ)

(ton CO2/MWh or ton CO,/G)J)

Power (Grid 1)

Power (Grid 2)

Power (Grid ...)

Steam

Hot water
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Appendix II: Relevant Default Values
Table 2-1: Default Values of Parameters of Common Properties of Fossil Fuels
Type of fuel Lower Unit of Carbon content in Carbon
heating | heat value | unit heat value(Unit | oxidation
value ton carbon/GlJ) rate of
the fuel
Solid fuels Anthracite* 20.304 GJ/Ton 27.49x10°3 94%
Bitumite * 19.570 GJ/Ton 26.18x10°3 93%
Lignite* 14.080 GJ/Ton 28.00x1073 96%
Dry-cleaned coal(ash 29.727 GJ/Ton 25.40%103 93%
content 10%)
Other washed coal * 8.363 GJ/Ton 25.40%x103 90%
Briquette coal 17.460 GJ/Ton 33.60x103 90%
Coke (dry total coke, 28.469 GJ/Ton 29.40x103 93%
ash content 13.5%)
Liquefied Crude oil 42.620 GJ/Ton 20.10x103 98%
fuels Fuel oil 40.190 | GJ/Ton 21.10x10° 98%
Gasoline 44.800 GJ/Ton 18.90x103 98%
Diesel 43.330 GJ/Ton 20.20x10°3 98%
Common kerosene 44,750 GJ/Ton 19.60%x1073 98%
Petroleum coke 31.998 GJ/Ton 27.50x103 98%
Other petroleum 41.031 GJ/Ton 20.00x103 98%
products
Coal tar 33.496 GJ/Ton 22.00x103 98%
Crude (light) benzene | 41.869 GJ/Ton 22.70x1073 98%
Gaseous Refinery dry gas 46.050 GJ/Ton 18.20x103 99%
fuels
Liquefied petroleum 47.310 GJ/Ton 17.20x10°3 99%
gas
Liquefied natural gas | 41.868 GJ/Ton 17.20x1073 99%
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Natural gas 389.31 GJ/10,000 | 15.30x103 99%
Nm?3

Coke oven gas 167.460 GJ/10,000 | 13.60x1073 99%
Nm3

Blast furnace gas 31.390 GJ/10,000 | 70.80x103 99%
Nm3

Converter gas 73.270 GJ/10,000 | 49.60x1073 99%
Nm?3

Gas of full-enclosed 111.190 GJ/10,000 | 39.51x1073 99%

calcium carbide Nm?3

furnace

Other coal gases 52.270 GJ/10,000 | 12.20x1073 99%
Nm3

*Based on air dried basis

Data sources:

1) As for lower heating value, please refer to China Energy Statistical Yearbook (2012), The

Norm of Energy Consumption per Unit Product of Coke, and The People’s Republic of China

National Greenhouse Gas Inventory.

2) As for carbon content in unit heat value, please refer to IPCC Guidelines for National

Greenhouse Gas Inventories (2006) and the Guidelines for Provincial Greenhouse Gas

Inventories(Trial);

3) As for carbon oxidation rate, please refer to the Guidelines for Provincial Greenhouse Gas

Inventories(Trial).
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Table 2-2: Default Value of CH4 Emission Factor of Various Facilities of the Petroleum and Natural

Gas System

CH4 emission factor of facilities/equipment

Petroleum and gas system

Fugitive emissions of facilities

Process ventilation

Natural gas system

a).Natural gas exploitation

-Wellhead equipment

2.50(ton/year/piece)

(ton/year/ piece)

Gas gathering station

27.9(ton/year/ piece)

23.6(ton/year/ piece)

-Measurement/distribution
station

8.47(ton/year/ piece)

-Gas storage station

58.37(ton/year/ piece)

10.0(ton/year/ piece)

b).Natural gas treatment

40.34(ton/100 million Nm3)

13.83(Mfi/fZ. Nm3)

c).Natural gas storage and

transportation

-Compressor/booster station

85.05(ton/year/ piece)

10.05(ton/year/ piece)

-Measurement/distribution

31.50(ton/year/piece)

13.52(ton/year/ piece)

-Pipelines (check valves)

0.85(ton/year/ piece)

5.49(ton/year/ piece)

-Pigging station

0

0.001(ton/year/ piece)

Petroleum system

a).Regular crude oil exploitation

-Wellhead equipment

0.23(ton/year/ piece)

-( ton/year/ piece)

-Single well storage equipment

0.38(ton/year/ piece)

0.22(ton/year/ piece)

- Transfer station

0.18(ton/year/ piece)

0.11(ton/year/ piece)

-Combination station

1.40(ton/year/ piece)

0.45(ton/year/ piece)

b).Crude oil and

transportation

storage

-Crude oil transportation

pipelines

753.29(ton/100 million ton)

*Source: the Research on the List of Greenhouse Gases in China 2005
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Table 2-3: Thermal Enthalpy of Saturated Steam
Pressure Temperature Enthalpy Pressure Temperature Enthalpy
(MPa)

(MPa) (Q (ki / kg) (q (ki / kg)
0.001 6.98 2513.8 1.00 179.88 2777.0
0.002 17.51 2533.2 1.10 184.06 2780.4
0.003 24.10 2545.2 1.20 187.96 2783.4
0.004 28.98 2554.1 1.30 191.6 2786.0
0.005 32.90 2561.2 1.40 195.04 2788.4
0.006 36.18 2567.1 1.50 198.28 2790.4
0.007 39.02 2572.2 1.60 201.37 2792.2
0.008 41.53 2576.7 1.40 204.3 2793.8
0.009 43.79 2580.8 1.50 207.1 2795.1
0.010 45.83 2584.4 1.90 209.79 2796.4
0.015 54.00 2598.9 2.00 212.37 2797.4
0.020 60.09 2609.6 2.20 217.24 2799.1
0.025 64.99 2618.1 2.40 221.78 2800.4
0.030 69.12 2625.3 2.60 226.03 2801.2
0.040 75.89 2636.8 2.80 230.04 2801.7
0.050 81.35 2645.0 3.00 233.84 2801.9
0.060 85.95 2653.6 3.50 242.54 2801.3
0.070 89.96 2660.2 4.00 250.33 2799.4
0.080 93.51 2666.0 5.00 263.92 2792.8
0.090 96.71 2671.1 6.00 275.56 2783.3
0.10 99.63 2675.7 7.00 285.8 2771.4
0.12 104.81 2683.8 8.00 294.98 2757.5
0.14 109.32 2690.8 9.00 303.31 2741.8
0.16 113.32 2696.8 10.0 310.96 2724.4
0.18 116.93 2702.1 11.0 318.04 2705.4
0.20 120.23 2706.9 12.0 324.64 2684.8
0.25 127.43 2717.2 13.0 330.81 2662.4
0.30 133.54 2725.5 14.0 336.63 2638.3
0.35 138.88 2732.5 15.0 342.12 2611.6
0.40 143.62 2738.5 16.0 347.32 2582.7
0.45 147.92 2743.8 17.0 352.26 2550.8
0.50 151.85 2748.5 18.0 356.96 2514.4
0.60 158.84 2756.4 19.0 361.44 2470.1
0.70 164.96 2762.9 20.0 365.71 2413.9
0.80 170.42 2768.4 21.0 369.79 2340.2
0.90 175.36 2773.0 22.0 373.68 2192.5
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Table 2-4: Thermal Enthalpy of Superheated Steam
(Unit: ki/kg)
Pressure
Temperature | o1 pMpa | 0.1 MPa | 0.5MPa | 1 MPa 3 MPa 5 MPa 7 MPa 10MPa | 14MPa |20MPa | 25MPa | 30 MPa
0°C 0 0.1 0.5 1 3 5 7.1 10.1 14.1 20.1 25.1 30
10°C 42 42.1 42.5 43 44.9 46.9 48.8 51.7 55.6 61.3 66.1 70.8
20°C 83.9 84 84.3 84.8 86.7 88.6 90.4 93.2 97 102.5 107.1 111.7
40°C 167.4 167.5 167.9 168.3 170.1 171.9 173.6 176.3 179.8 185.1 189.4 193.8
60°C 2611.3 251.2 251.2 251.9 253.6 255.3 256.9 259.4 262.8 267.8 272 276.1
80°C 2649.3 335 335.3 335.7 337.3 338.8 340.4 342.8 346 350.8 354.8 358.7
100°C 2687.3 2676.5 419.4 419.7 421.2 422.7 424.2 426.5 4295 434 437.8 441.6
120°C 2725.4 2716.8 503.9 504.3 505.7 507.1 508.5 510.6 513.5 517.7 521.3 524.9
140°C 2763.6 2756.6 589.2 589.5 590.8 592.1 593.4 595.4 598 602 605.4 603.1
160°C 2802 2796.2 2767.3 675.7 676.9 678 679.2 681 683.4 687.1 690.2 693.3
180°C 2840.6 2835.7 2812.1 27773 764.1 765.2 766.2 767.8 769.9 773.1 775.9 778.7
200°C 2879.3 2875.2 2855.5 2827.5 853 853.8 854.6 855.9 857.7 860.4 862.8 856.2
220°C 2918.3 2914.7 2898 2874.9 943.9 944.4 945.0 946 947.2 949.3 951.2 953.1
240°C 2957.4 2954.3 2939.9 2920.5 2823 1037.8 1038.0 1038.4 1039.1 1040.3 1041.5 1024.8
260°C 2996.8 2994.1 2981.5 2964.8 2885.5 1135 1134.7 1134.3 1134.1 1134 1134.3 1134.8
280°C 3036.5 3034 3022.9 3008.3 2941.8 2857 1236.7 1235.2 1233.5 1231.6 1230.5 1229.9
300°C 3076.3 3074.1 3064.2 3051.3 2994.2 2925.4 2839.2 1343.7 1339.5 1334.6 1331.5 1329
350°C 3177 3175.3 3167.6 3157.7 3115.7 3069.2 3017.0 2924.2 2753.5 1648.4 1626.4 1611.3
400°C 3279.4 3278 3217.8 3264 3231.6 3196.9 3159.7 3098.5 3004 2820.1 2583.2 2159.1
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420°C 3320.96 | 3319.68 | 3313.8 3306.6 3276.9 3245.4 3211.0 3155.98 | 3072.72 | 2917.02 | 2730.76 | 2424.7
440°C 3362.52 | 3361.36 | 3355.9 3349.3 3321.9 3293.2 3262.3 3213.46 | 3141.44 | 3013.94 | 2878.32 | 2690.3
450°C 3383.3 3382.2 3377.1 3370.7 3344.4 3316.8 3288.0 3242.2 3175.8 3062.4 2952.1 2823.1
460°C 3404.42 | 3403.34 | 3398.3 33921 3366.8 33404 33124 3268.58 | 3205.24 | 3097.96 | 2994.68 | 2875.26
480°C 3446.66 | 3445.62 | 3440.9 3435.1 3411.6 3387.2 3361.3 3321.34 | 3264.12 | 3169.08 | 3079.84 | 2979.58
500°C 3488.9 3487.9 3483.7 3478.3 3456.4 3433.8 3410.2 33741 3323 3240.2 3165 3083.9
520°C 3531.82 | 3530.9 3526.9 3521.86 | 3501.28 | 3480.12 | 3458.6 34251 3378.4 3303.7 3237 3166.1
540°C 3574.74 | 3573.9 3570.1 3565.42 | 3546.16 | 3526.44 | 3506.4 3475.4 3432.5 3364.6 3304.7 3241.7
550°C 3593.2 3595.4 3591.7 3587.2 3568.6 3549.6 3530.2 3500.4 3459.2 3394.3 3337.3 3277.7
560°C 3618 3617.22 | 3613.64 | 3609.24 | 3591.18 | 3572.76 | 3554.1 3525.4 3485.8 3423.6 3369.2 3312.6
580°C 3661.6 3660.86 | 3657.52 | 3653.32 | 3636.34 | 3619.08 | 3601.6 3574.9 3538.2 3480.9 3431.2 3379.8
600°C 3705.2 3704.5 3701.4 3697.4 3681.5 3665.4 3649.0 3624 3589.8 3536.9 3491.2 3444.2
440°C 3362.52 | 3361.36 | 3355.9 3349.3 3321.9 3293.2 3262.3 3213.46 | 3141.44 | 3013.94 | 2878.32 | 2690.3
450°C 3383.3 3382.2 3377.1 3370.7 3344.4 3316.8 3288.0 3242.2 3175.8 3062.4 2952.1 2823.1
460°C 3404.42 | 3403.34 | 3398.3 3392.1 3366.8 3340.4 33124 3268.58 | 3205.24 | 3097.96 | 2994.68 | 2875.26
480°C 3446.66 | 3445.62 | 3440.9 34351 3411.6 3387.2 3361.3 3321.34 | 3264.12 | 3169.08 | 3079.84 | 2979.58
500°C 3488.9 3487.9 3483.7 3478.3 3456.4 3433.8 3410.2 33741 3323 3240.2 3165 3083.9
520°C 3531.82 | 3530.9 3526.9 3521.86 | 3501.28 | 3480.12 | 3458.6 34251 3378.4 3303.7 3237 3166.1
540°C 3574.74 | 3573.9 3570.1 3565.42 | 3546.16 | 3526.44 | 3506.4 3475.4 3432.5 3364.6 3304.7 3241.7
550°C 3593.2 3595.4 3591.7 3587.2 3568.6 3549.6 3530.2 3500.4 3459.2 3394.3 3337.3 3277.7
560°C 3618 3617.22 | 3613.64 | 3609.24 | 3591.18 | 3572.76 | 3554.1 35254 3485.8 3423.6 3369.2 3312.6
580°C 3661.6 3660.86 | 3657.52 | 3653.32 | 3636.34 | 3619.08 | 3601.6 3574.9 3538.2 3480.9 3431.2 3379.8
600°C 3705.2 3704.5 3701.4 3697.4 3681.5 3665.4 3649.0 3624 3589.8 3536.9 3491.2 3444.2
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6 APPENDIX — FIELD DEMONSTRATION PLANS FOR SAES
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Design Basis Memorandum - Reduced Emissions Completion Package

1 List of Acronyms

wn

APl — American Petroleum Institute

ASME — American Society of Mechanical Engineers

DACC - Drilling and Completions Committee of PSAC

DBM — design basis memorandum

EPA — United States Environmental Protection Agency

ESDV — emergency shut down valve

FEED - front end engineering and design, also referred to as preliminary engineering
IRP — Industry Recommended Practice

NSPS — New Source Performance Standards

OD - outside diameter

PLC — programmable logic controller

PSAC - Petroleum Services Association of Canada

REC - reduced emissions completion, also referred to as green completion

w W W W W W w W w w W W

2 Introduction
2.1 Objective

The purpose of this effort is to prepare FEED-level documents and drawings for a complete REC
package that fully complies with the requirements, guidelines and emissions reduction intent of
EPA Regulations which became effective in the United States on January 1, 2015. Western
Canadian petroleum industry experts will be retained to assist with and guide the preliminary
design process to ensure best practices are incorporated while maintaining practicality and
operability. This document defines the basis for all FEED activities and deliverables such that
upon completion the Client and ultimate Owner have sufficiently detailed information to
demonstrate that the design meets project objectives and upon which economics and capital
deployment decisions can be based.

2.2 Project Description

REC packages were developed several years ago for use in North America and on January 1,
2015 RECs became mandatory for gas wells stimulated by hydraulic fracturing within established
fields in the United States.

The project will be implemented in stages commencing with FEED to prepare a design basis
memorandum, specifications and data sheets for major equipment items and sufficient scope
delineation and definition to estimate cost and schedule for implementing the remaining project
stages. Following FEED the Client, Clearstone Engineering Ltd., and ultimate Owner of the
Project must decide if the required capital investment is justified and prudent. Should the
Project be sanctioned detailed engineering will proceed to produce the necessary specifications,
drawings and scope/work package descriptions for tendering, evaluating and awarding
procurement and fabrication to suppliers and fabricators in China.

Key project activities and milestones are as follows.

FEED Q2 2015

Client and Owner reviews and sanction Q3 2015

Detailed design, procurement and fabrication Q4 2015 and Q1 2016
REC package assembly and operator training Q2 2016
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3 Hydraulic Fracture Stimulation

Equipment, configuration and procedures for flow back following successful completion of a
multistage hydraulic fracturing program are highly dependant on the well bore configuration and
fracture stimulation system.

3.1 General
For horizontal wells two fracture stimulation categories exist:

Open-hole normally with an un-cemented liner but usually including some sort of annular
isolation; and
Cased hole with a cemented liner.

While open-hole completions without a liner are employed, a liner of some sort is normally
installed to provide a mechanically stable horizontal wellbore. Liner is inserted into a wellbore
with or without positive annular isolation. The former is achieved with packers or a cemented
liner. The latter means the annulus (i.e. space between the liner and the wellbore) is open
allowing formation fluids to move freely inside and outside of the liner.

Once decisions are made on the liner and positive annular isolation, several different fracture
stimulation systems are available. Most of these involve the use of coiled tubing. Advantages of
coiled tubing include a working string that can be run into and out of the well quickly and a dead
string which enables accurate monitoring of bottom hole pressure (observed surface pressure
less calculated hydrostatic head). Coiled tubing also enables rapid adjustment of the downhole
slurry mixture by changing injection from the working to the dead string and can be used to
flush proppant from the wellbore following screen-out.

The principal disadvantage of coiled tubing is injection rate limitation due to small diameter.
3.2 Frac Systems

a. Ball Drop
This system involves ball-actuated sliding sleeves/frac ports that are covered by the sleeve
and closed at the start of operations. The wellbore is divided into multiple segments, using
open-hole packers to provide effective annular isolation, and run in with a liner.

A ball dropped into the fluid and pumped down the string will seat in the mechanical sleeve.
This action will open the sleeve exposing the ports and diverting the fluid to the formation,
which creates a hydraulic fracture within the isolated zone. The sliding sleeves are opened
sequentially for fracturing, starting from the toe of the horizontal well and moving toward
the heel by dropping balls. In this system, the seating of the ball at the end of each sleeve
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creates a differential pressure, which then slides the sleeve and exposes the frac ports. Each
separate ball is pumped with the fracturing fluid, and at an appropriate time. Once a set of
ports is opened by the sliding sleeve, the injected fluid moves into the annulus between the
liner and open hole, and creates the hydraulic fracture(s).

This system is operated by pumping progressively larger-sized balls and operating sleeves
from the toe of the well to the heel. Shortly after the planned volume of fluid and proppant
is pumped into each stage, the next-largest size of ball is dropped. The seating of this ball
isolates the previous zone, opens the next ports and allows fracturing of the next zone.

The well is cleaned out by flow back to the surface, which returns fluid and solid particles.
The balls and ball seats can be drilled out with coiled tubing and or in some cases are soluble
in downhole formations or are floated back to surface once the fracture treatment is flowed
back. The technology allows for a quick and efficient fracture stimulation operation by
minimizing fluid use, limiting trips downhole, and streamlining the pumping operation.
Challenges include the potential for limited insertion of the tool string and failure of balls and
seats in the opening of the sliding sleeves. In most ball drop systems, the internal ball seats
are milled after fracturing operations, to allow full-bore access for clean-out and production.

Plug and Perforate

This system is exclusively used with a cemented liner. Like other techniques, fracturing is
done in multiple stages, with bridge plugs providing isolation between stages. At the start of
each fracturing stage, an assembly consisting of a plug and perforation guns is placed (usually
pumped) downhole with a wireline at the desired location. The plug is set, and perforation
guns are fired at the planned sequence.
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The perforations are bunched together in clusters. The distance between these clusters can
be selected, based on operator preference, but it is usually in the range of 15 to 60 m apart.
The treatment design is based on a limited entry technique, where the number of
perforations is determined, based on the planned injection rate, such that, on average, each
perforation gets .25 to .5 m3/min of injection. After the perforation guns have been fired,
the perforating wireline is pulled out, and the plug is isolated from the previous interval
(usually by dropping and pumping a ball that seats in an opening in the middle of the plug).
This interval is then fractured, as planned. The sequence of setting a plug, perforating,
sealing the plug, and fracturing, is repeated multiple times until the entire horizontal well is
fractured.

One noteworthy feature of this completion system is a large number of fractures. For
example, if one fractures the well in 20 stages, with each stage having four clusters/fractures,
the total number of fractures can be as large as 80. Another feature is resilience. The
presence of multiple fractures means that if the proppant obstructs the path of flow in one
fracture, the increased wellbore fluid pressure will distribute the fluid to other
perforations/fractures. In actual operations, it is not uncommon to have only a portion of
total perforations taking fluid. Sometimes, an entire cluster may not be fractured at all.
Increasing wellbore pressure can cause breakdown of other perforations or clusters, thus
causing a more uniform fluid and proppant distribution. Looking at this from a different
perspective, screen-out in one entire segment means an inability to inject into all of its
fractures. As long as any of these fractures is capable of extending, one will be able to
continue fluid injection, albeit at a lower rate.

Mongoose

A system available through NCS Mulitstage, for inside a liner (normally cemented), this
downhole system is deployed, using coiled tubing. Isolation between fractures uses a
resettable packer. Perforations are cut when sand-laden fluid is pumped down the coiled
tubing and through the perforating sub nozzles. The high-velocity slurry cuts through the
casing and cement. Fracturing slurry is pumped through the smaller annulus between the
coiled tubing and the liner. Bottom hole pressure changes can be monitored through the
coiled tubing and as a result, the fracture treatment can be optimized on the fly. Benefits and
limitations are very similar to other completions using coiled tubing.
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d. Sliding Sleeves

Deployed with cemented liners only, sliding sleeves are run in with the liner at the end of
drilling, and are inserted into the liner at various planned fracture stimulation points, and
cemented in place with the liner. During fracture treatment, a resettable bridge plug is run
on coiled tubing and set and unset with a simple up/down coiled tubing motion. This same
tool is also used to shift the sliding sleeves. This system is commercially available through
NCS Mulitstage. The following diagrams have been taken from the NCS site, to illustrate the
operation of the multistage frac system.

The above Frac-Isolation assembly, has the ability to create new perforations if necessary, in
a similar fashion to the Mongossse system described above. It can also isolate and frac
through the existing sliding sleeves. To create new perforations through the “Sand-jet
perforating sub”, sand-laden fluid is pumped down the coiled tubing and through the
perforating sub nozzles. The high-velocity slurry cuts through the casing and cement.

During normal fracture operation through the pre-placed sliding sleeves, completions begin
at the toe of the well, with the frac-isolation assembly positioned below the first casing
sleeve. As the isolation assembly is pulled upward, the first sleeve is located, the resettable
bridge plug is then set, followed by an increase in wellbore pressure from above which forces
the assembly and the inner barrel down, opening the sleeve’s frac ports to the formation.
Sleeve shifting is clearly indicated at the surface by weight and pressure changes. The frac is
then pumped down the coiled tubing/casing annulus.

During the frac, the coiled tubing serves as a deadleg, transmitting bottom-hole treating
pressure to the surface to assist in optimizing the fracture treatment. After the frac is away,
a pull on the coiled tubing opens the integral equalizing valve and unsets the frac plug. The
isolation assembly is moved up to the next sliding sleeve, and the sequence is repeated.

The NCS site has a short video of the operation, at http://ncsmultistage.com/content/multistage-
sleeves-annularfrac_player.html.
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3.3 Hydraulic Fracturing Risks

Synchronous operation of numerous pieces of machinery and favourable chemical/mechanical
interaction within the frac fluid and between the fluid and the formation are required for a
successful fracturing operation. Extensive maintenance and QA/QC programs are required to
minimize the risk of frac failure. Reservoir behaviour, occasionally permeability and/or inherent
geo-mechanical stresses are the most difficult variables to predict and manage.

A common problem is referred to as a screen out which is when proppant forms a bridge in the
fracture at the formation face (i.e. entrance of the fracture immediately beyond the well bore)
which causes the frac fluid pumps to spike to maximum pressure and shut down the operation.
If sufficient energy exists in the near well bore formation the well will be flowed back to the well
testing equipment and containment bins/vessels on surface to clean out the wellbore and
resume the hydraulic fracturing program. Otherwise, the well must be circulated (e.g. pump
down the tubing and flow back up the annulus) to clean out the screen out. Where hydraulic
fracturing is being conducted through production casing only coiled tubing must be run into the
well to circulate proppant back to surface.

Screen outs occur more frequently when a viscous frac fluid is used versus a slick frac as
proppant concentration is significantly higher in the former. Loss of frac fluid and proppant into
more permeable portions of the formation is more common and difficult to control on slick
fracs.

3.4 Tight Shale Gas Well Frac Program

Typical fracture stimulation of tight shale gas reservoirs involves 10 to 15 stages with each stage
requiring up to 2000 m3 of water-based transfer media (i.e. frac fluid) and 50 to 70 T of
proppant (i.e. frac sand).

Following fracture stimulation wells are flowed back at 10-25 m3/hr. The fraction of sand in the
flow back stream is significantly reduced if each stage is over flushed with water once all frac
sand is forced into the formation. With over flushing sand fraction initially should be less than
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5% and within 2 to 4 hours it should be less than 1%. Total sand returns should not exceed 0.5%
of total proppant used for the frac.

Once approximately 5% of the frac fluid is recovered hydrocarbon should exist in the flow back
stream and combustible quantity will be discharged from the separator. When the well is
sufficiently cleaned gas flow rate could be up to 560 E3m3/d (20 mmscf/d).

4 General Data
4.1 Climate and Meteorology
Assumed conditions are similar to those of central Alberta which are summarized as follows.

850 m above mean sea level

Normal atmospheric pressure 90 kPa
Maximum wind gust velocity 160 km/hr (100 mph)
Daily average summer temperature 16 °C
Daily average winter temperature -10 °C
Extreme maximum temperature 40 °C
Extreme minimum temperature -40 °C
Annual precipitation as rain 400 mm
Total annual precipitation 500 mm
Extreme daily rainfall 200 mm

Extreme daily snowfall 300 mm

Extreme total snow depth 750 mm

4.2 Seismic

Equipment, components and piping will be designed for set up and operation in areas where
common causes for seismic activity (e.g. active fault lines and/or subduction zones) do not exist
and where calculated probabilistic ground motion rate is minimal. Being modularized and
portable equipment packages are inherently robust and resistant to deformation from handling
and movement.

5 Regulations, Standards and Codes
5.1 Environmental Protection Agency

The EPA issued NSPS in April 2012 to reduce air emissions by the oil and natural gas industry,
including for the first time regulations for hydraulically fractured natural gas wells.
Subsequently the EPA received petitions for reconsideration of the newly-issued regulations
from several oil and gas industry and environmental organizations. Submissions and hearings
were conducted over the next two (2) years in response to the requests of these organizations
and culminated in late 2014 with the EPA’s final ruling which contained clarifications and
updates to the 2012 NSPS.

Implementation and performance criteria for RECs in the United States are prescribed in the
following regulations.

EPA 40 Code of Federal Regulation (“CFR”) Part 60, “Oil and Natural Gas Sector:
Reconsideration of Additional Provisions for New Sour Performance Standards (“NSPS™);
Final Rule,” Dec. 31, 2014 http://www.gpo.gov/fdsys/pka/FR-2014-12-31/pdf/2014-

30630.pdf
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EPA 40 CFR Part 63, “Oil and Natural Gas Sector: NSPS and National Emission Standards for
Hazardous Air Pollutants Reviews,” April 17, 2012
http://www.epa.gov/airquality/oilandgas/pdfs/2012041 7finalrule.pdf

Key elements of the new regulations include:

Two (2) distinct flow back stages exist; initial and separation flow back

During “initial flow back” the high volume of water containing sand, fracturing fluid and
formation debris with little gas and usually in multiphase slugs is routed to a well completion
vessel (e.g. frac tank, lined pit or any other vessel)

There is no requirement for controlling emissions during initial flow back and any gas may be
vented however the Operator must route initial flow back to a separator unless it is
technically infeasible for a separator to function

Operators have the responsibility to route initial flow back to a separator as soon as
conditions allow a separator to operate which marks the end of the initial flow back stage
During “separation flow back” no gas may be vented and gas may be directed to flare only if
it is unfeasible to route saleable gas from the separator to a gathering system or pipeline,
another well for reinjection or on-site equipment as fuel or use the gas for another useful
purpose that a purchased fuel or raw material would serve

Separation flow back ends when: (a) the well is shut in and the flow back equipment is
permanently disconnected from the well; or production from the well commences

Wells subject to the new regulations must use REC commencing January 1, 2015

Wildcat, delineation and low pressure gas wells are not subject to the new regulations but
gas emissions during the separation stage of flow back and testing must be ignited and
combusted with a flare stack

5.2 Other Regulations

Other regulations that will be referred to and followed include:

Alberta Pressure Equipment Safety Regulation

Alberta Oil and Gas Conservation Regulations

Alberta Energy Regulator Directive 40, Pressure and Deliverability Testing Oil and Gas Wells
http://www.aer.ca/rules-and-requlations/directives/directive-040

5.3 Design Standards and Codes

Key design standards and codes for piping and equipment for RECs are as follows. Unless stated
otherwise the most recent edition available publicly is assumed.

AISC Steel Construction Manual
International Building Code

APl Recommended Practice 12R1, Production Service Tanks Inspection and Maintenance
APl Recommended Practice 54, Drilling and Servicing Operations Occupational Safety
APl Recommended Practice 521, Guide for Pressure Relief and Depressurizing Systems
API Specification 6A, Wellhead and Christmas Tree Equipment

API Specification 12J, Oil and Gas Separators

API Specification 16C, Choke and Kill Systems

ASME B31.3, Pressure Piping
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ASME B16.5, Steel Pipe Flanges and Flanged Fittings

ASME B16.9, Steel Butt Welding Fittings

ASME B16.10, Steel Valves

ASME Boiler and Pressure Vessel Code, Section VI, Division 1

5.4 Industry Recommended Practices

The following publicly available PSAC IRPs (http://www.psac.ca/leadership/health-
safety/industry-recommended-practices-irps/) pertaining to well drilling, completing and testing
will be referred to and, where applicable, followed.

DACC Volume # 4 — Well Testing and Fluid Handling
DACC Volume # 5 — Minimum Wellhead Requirements
DACC Volume # 20 — Well Site Design Spacing Recommendations

6 Environmental Protection
6.1 Air Quality

Emission requirements contained in the foregoing EPA regulations will be the basis for design
and operation of the REC package. Additional air emissions criteria includes:

Any gas emitted from the sand containment bin/vessel during well bore clean up following a
frac screen out will be vented unless deemed unsafe to do so

Direct venting during the initial flow back stage will be minimized and eliminated wherever
possible by continuous use of the separator during all stages of flow back and testing

Flaring will be limited to emergency situations and combustion of non-saleable low pressure
gas and hydrocarbon vapours recovered upon commencement of flow back

Pumps and process control devices on-board equipment packages will be electrically
powered

Primary vessel and equipment heating to prevent freezing will be steam

Secondary vessel and equipment heating to prevent freezing will be an on-board glycol
heating medium system with a dual fuel (i.e. propane and natural gas) direct-fired heater
Oil/condensate/frac fluid storage tanks will normally vent directly to atmosphere but a
suitable tank connection, thief hatch and low pressure flare will be provided to enable
capturing and burning tank gases and vapours

6.2 Soil and Water

Equipment and piping will be continuously attended and monitored by Operations personnel
while being set up, operated and dismantled for transportation. Critical parts of equipment
packages will be equipped with drip containment lips, approximately 25 mm high, to facilitate
cleanup in the event of a spill. Tanks will be single walled and will not be within secondary
containment systems.

Piping interconnecting the well, equipment packages, flare and tanks will be placed directly on
the ground or on wooden sleepers placed directly on the ground.

6.3 Noise

Noise emission limits for occupational safety in the North American well drilling and servicing
industry will be followed.
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7 Design Parameters, Criteria and Data
7.1 Process

a. Assumptions and Design Basis
Current North American well completion, stimulation, flow back and testing practices and
procedures were assumed. All well stimulation was assumed to be by non-energized
hydraulic fracturing. Based on Chinese reservoir and testing/production data a tight shale
producing predominantly sweet natural gas was also assumed.

Contingency flow back equipment (open top bin or large, low pressure sand containment
vessel) and piping are normally in place to contain the large volume of sand from a screen
out. Flow by-passes the debris catcher and choke manifold as returns from a screen out are
at essentially atmospheric pressure at surface.

The primary means of preventing hydrates will be methanol injection at the well head (i.e.
upstream from the ESDV). Methanol injection equipment and capability will also exist
immediately upstream from the separator to prevent ice buildup on instruments and site
glasses.

Rates and physical data used for modelling and sizing equipment and piping are contained in
Table 7.1a below. The process flow diagram is contained in Appendix B. Mass and energy
balance and compositional analysis for the separator inlet and three (3) outlet streams at
approximately design conditions are contained in Appendix C.

Table 7.1a: Flow Back (“FB”) Process Design Data

Physical Data or Rate Units Design Min. Max.
Produced gas rate E3m3/d (mmscf/d) 280 (10) 85 (3) 560 (20)
Hydrogen sulphide fraction® | % 0 0 0
Liquid hydrocarbon rate m3/E3m? (bbl/mmscf) 0.3 (50) 0 0.6 (100)
Frac fluid rate m?3/hr (bbl/hr) 15 (100) 10 (70) 50 (300)
Initial frac sand rate % of FB volume 5 0 10
Total frac sand returns? m?® 7.5 0 10
Produced gas specific gravity 0.62 0.58 0.66
Liquid hydrocarbon water cut | % 10 0 15
Liquid hydrocarbon density kg/m?3 780 720 860
Frac fluid density kg/m?3 1030 1000 1050
Frac sand recovery % of total proppant 0.5 0.25 1.0
Frac sand density kg/m?3 2650 2650 2720
Frac sand particle size mesh 20/40 20/40 20/40
FB stream initial pressure MPag (psig) 25 (3600) | 20.7 (3000) | 69 (10000)
FB stream temperature °C (°F) 20 (68) 5(41) 50 (122)
Tie-in point pressure MPag (psig) 5.1 (740) 0.7 (100) | 6.9(1000)
Notes:

1) While separator vessel material is suitable for low concentration of H,S, fabrication and
quality assurance procedures must be enhanced if concentration results in partial
pressure of H.S exceeding 0.3 kPa.
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Table 7.1a: Flow Back (“FB”) Process Design Data

Physical Data or Rate | Units | Design | Min. | Max
2) Based on 20 stage frac, 20T proppant per stage and 5% proppant in initial flow back
stream.

b. Pressure Management
Where well surface pressure drops over the course of the separation flow back stage a
compressor may be required to complete/continue the well test. Compression is required to
reduce back pressure on the well such that flow velocity up the well bore is adequate to lift
any remaining frac fluid. If well flowing pressure drops significantly compression may also be
required to deliver gas to the gathering system, injection well or other gas conservation
scheme.

Minimum pressure and associated gas flow rates at which the separator (4 and 5 feet OD
options are currently being considered) can effectively separate water from gas are listed in
the following table.

Table 7.1b: Minimum Separator Discharge Pressure

Separator OD by S/S Gas Flow Rate Minimum Pressure
length (mm[feet]) (E¥m3/d [mmscf/d]) (kPag [psig])
85 [3] 380 [55]
1219 by 5486 [4 by 18] 280 [10] 2240 [325]
350 [12.5] 3170 [460]
85 [3] 310 [45]
1524 by 5486 [5 by 18] 280 [10] 1860 [270]
350 [12.5] 2620 [380]

7.2 Civil-Structural

Equipment and directly associated piping will be mounted on oilfield structural steel skids which
will be lifted and moved with cranes (i.e. four (4) lifting points per skid) or by winching over a
live roll on a flatbed trailer. Structural steel skids shall meet minimum strength and maximum
deflection requirements contained in the AISC Steel Construction Manual. Equipment will be
designed to be placed upon and operated from wooden sleeper foundations.

All equipment skids shall fit inside a 45 feet long “high-cube” sea container. Accordingly
maximum outside dimensions and weight of the skid and all on-board equipment, piping,
instrumentation and controls and accessories are as follows.

Length 13.5 m (44.3 feet)

Width 2.3 m (7.7 feet)

Height 2.6 m (8.5 feet)

Maximum empty/dry skid weight 30,400 kg (66,139 Ibs)

One end of the separator will be within a heated enclosure. The lower portion of the separator

vessel will be skirted.

Arrangement of REC equipment on a well site is illustrated in the typical site plan in Appendix D.
7.3 Mechanical

Three (3) piping and equipment pressure classes will exist.
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API 10,000 psig rated working pressure from the wellhead tie-in to and including the ESDV
ASME Class 600 separator, gas discharge and liquid/slurry discharge piping to skid edge and
including dump valves and sacrificial plug valves used for dump rate control of sand laden
fluid

ASME Class 150 relief and flare piping and runs to open pits and sand bins and load fluid and
condensate/oil tanks

Minimum and maximum design metal temperature for each pressure class are defined in Table

7.3.
Table 7.3: Design Metal Temperatures °C (F)
Pressure Class Min. Max.
API 10,0000 -60 (-75) 82 (180)
ASME Class 600 -45 (-50) 93 (200)
ASME Class 150 -45 (-50) 93 (200)

Piping will principally be connected with hammer unions which will be different for each of the 3
types of piping so mixing of pressure classes is not possible. Pipe joints, fittings, hammer unions
valves, chokes and spare parts will be stored and transported on a separate skid equipped with
racks and bins.

Vessels will be equipped with sand jetting nozzles and rings and top-mounted rotating nozzles to
enable sand clean out without removing manways. Water for flushing will be supplied and
pumped into the vessel by truck.

7.4 Electrical

Electricity, 220 V, 50 Hz will be supplied from existing lease infrastructure or will be generated
on site. The generator driver will be dual fuel (i.e. diesel or natural gas) so that scrubbed
process gas can be used for fuel once sufficient quantity exists in the flow back stream.

All equipment packages will be equipped with intrinsically safe lights, pumps and devices. On-
board electrical equipment will be wired directly to a bank of dedicated intrinsically safe
receptacles at skid edge (i.e. panels and junction boxes are not required).

The enclosed end of the separator vessel will be equipped with an electric heater for Operations
personnel comfort and to prevent devices from malfunctioning due to low ambient
temperature.

7.5 Instrumentation and Controls

Automated instruments and control devices will be actuated and positioned with instrument air
and/or electricity. Principal instruments include:

API ESDV and actuator

API chokes

Two (2) chamber orifice meter run on separator gas outlet
Back pressure control valve on separator gas outlet
Hydrocarbon liquid level control valve

Water level control valve

Turbine hydrocarbon liquid meter

Turbine water meter
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Site glasses for sand, water and hydrocarbon liquid
Instrument air package onboard the separator skid

By-passes will exist around the turbine meters and dump valves to enable manual control of
water/liquid hydrocarbon level using sacrificial downstream plug valves. Manual control would
be necessary where fluid contains too much sand and erosion of instruments is a concern.

Turbine meters are preferred for liquid streams as they are relatively inexpensive and easily
replaced and calibrated (i.e. versus mass or ultrasonic meters).

The REC package is designed for principally manual operation and data collection and will not be
equipped with a PLC. An automation option enabling data collection and flow totalizing and
transmission using a PLC with a communication link (e.g. cellular network or radio) will be
evaluated during FEED.

8 Infrastructure and Utilities

The following are considered to be multi-use facilities provided by the Facility Operator rather than
the REC Contractor and are not included in the project scope.
§ Office trailer(s)

§
§

Lunch trailer
Portable toilets

§ Camp accommodation and kitchen

9 Operations and Maintenance

Alberta regulations, standards, guidelines and recommended practices will be followed for
equipment set up, operation, dismantling, transportation and storage. Pressure equipment and
piping inspection, maintenance and repair will follow the Alberta Pressure Equipment Safety
Regulation.

Operations and Maintenance Manuals will be developed during detailed engineering.

10 Appendices

A

Glossary

B. Process Flow Diagram
C.
D. Typical Site Plan Illustrating Frac and REC Equipment Arrangement

Mass and Energy Balance and Stream Composition Tables
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Appendix A — Glossary

breaker an additive to frac fluid that after a certain amount of time or
pressure reduction allows viscosity to return to that of the fluid prior
to addition of gel or cross linker which enables frac fluid to flow back
without carrying proppant deposited in the fracture

bridge plug retrievable or drillable plug set in the cased/lined well bore

cross link add boron, zirconium, titanium or iron in small quantities to frac
fluid to join polymers contained in gelling agents in three
dimensional shapes to increase viscosity

dead string or leg coiled tubing string filled with frac fluid without proppant and used
to monitor bottom hole pressure, adjust proppant concentration in
fluid at the fracture face in the well bore and flush proppant from
the well bore following screen out

design basis memorandum document containing data, parameter and standards to be used
during preliminary engineering, also referred to as FEED to ensure
project goals and requirements are addressed. The DBM does not
supplant the detailed technical documents including specifications,
drawings, shut down key, data sheets, purchase orders, contracts,
change orders and procedures that are developed, prepared and/or
adopted as subsequent project stages progress (e.g. detailed
engineering, procurement, fabrication, installation, commissioning
and start-up).

delineation well well drilled to determine the boundary of a field or producing
reservoir

down hole drilling industry jargon meaning farther from the ground surface in a
well or in the case of the horizontal portion, closer to the toe

E3 10 raised to the power of 3 = 1,000

flow back stages following hydraulic fracturing to remove frac fluid, proppant

and plug and formation debris from the well bore and test and
measure hydrocarbon flow rate and pressure to verify well’s ability
to sustain commercial production

frac hydraulic fracturing of hydrocarbon bearing formations with reduced
or impaired permeability using high pressure fluid to “crack”
formation rock and transport proppant into the fissure network to
permanently “prop” fractures open and provide a porous path to
enable hydrocarbons to flow into the wellbore; general procedure
requires pumping fluid at high pressure and rate (e.g. 1.0- 15.0
m3/min) to initiate the fracture or fissure, width of which is
controlled by fluid rate and viscosity, and immediately following
fracture initiation introducing proppant into the fluid at low
concentrations and gradually ramping up to the targeted final
concentration

frac fluid either water or oil-based and may be modified with small amounts
of additives to reduce friction coefficient, increase viscosity, alter pH,
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frac (slick water)

frac (viscous fluid)

full drift
gelling agent
heel

high pressure flare
liner

low pressure gas well

low pressure flare
over flushing

packer (hydraulic)

packer (swell)
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inhibit corrosion, scaling and sulphate reducing bacteria, reduce
reaction with reservoir rock and/or “break” cross linking and gelling
agents to allow viscosity to drop upon completion of the frac

technique employing low viscosity fluid (e.g. 2 to 10 cP); typically
comprised principally of fresh water with addition of a small quantity
of polyacrylamide to increase lubricity; pumped at high velocity to
keep proppant in suspension; significantly lower proppant
concentration (e.g. 50-400 kg/m3) than techniques employing
viscous frac fluid

technique employing addition of gelling and/or cross-linking agents
to increase viscosity to 500-900 cP; enables suspension of higher
concentration of proppant (e.g. 400-1,400 kg/m3); also reduces fluid
loss to parts of the formation with higher permeability

no reduction in the internal diameter along the entire length of a
string of drill pipe, tubing or casing/liner

guar gum or polyacrylamide added to frac fluid in small quantities to
increase viscosity and lubricity

point on the horizontal portion of a well that is closest to the vertical
portion of the well

design pressure greater than 6.9 kPag (1 psig)

production casing in the horizontal portion of a well and normally
cemented in place and either perforated mechanically (e.g. explosive
charges or milling/drilling) or equipped with sliding sleeves and ports
which can be actuated with pressure of force to open the wellbore
to the formation

defined in the 2012 NSPS as a gas well where combined effects of
reservoir pressure and depth render conservation of gas discharged
from the separator during separation flow back unfeasible

design pressure not exceeding 6.9 kPag (1 psig)

once targeted final concentration of proppant is delivered to the
formation frac fluid without proppant is pumped down well bore to
drive any proppant remaining in or near the well bore into the
formation which reduces sand volume during flow back

device installed on the outside of the liner at desired intervals which
seal against the open hole and restrict the movement of fluids in the
annulus; typically have elastomer element(s) that are inflated after
the liner is in place with internal fluid pressure and expand to seal
against the wellbore; typically remains in the well, however systems
exist to deflate the packers if an attempt to remove the liner is
considered

device installed on the outside of the liner at desired intervals which
swells when exposed to the well bore downhole environment to seal
the annulus; oil-based and water-based swell packers are available
and matched with other downhole conditions such as temperature;
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time is required to allow the packers to swell, usually a matter of a
few days; typically remains in the well, however systems exist to
deflate the packers if an attempt to remove the liner is considered

proppant uniformly sized natural or manufactured sand pumped with frac
fluid to hold open a fracture following release of hydraulic pressure
and to provide a porous flow path for hydrocarbons; most common
natural proppant is sand that is sorted by size to ensure uniformity;
manufactured proppant consists of resin coated sand, ceramic or
bauxite which are also sorted by size; proppant selection depends on
economics and reservoir properties, flow capability and depth

screen out upset condition during hydraulic fracturing where sand bridges
across the fracture preventing flow and causing frac pumping
pressure to spike and shutdown equipment

slick water frac

S/S length between circumferential welds (2) to join vessel shell to each
head

toe farthest point on the horizontal portion of a well from the vertical
portion of the well

up hole drilling industry jargon meaning closer to the ground surface in a
well or in the case of the horizontal portion, closer to the heel

wildcat well well drilled outside known fields or the first well drilled in an oil and

gas field where no other oil and gas production exists
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Title:

Material Balance - Maximum Flow

Customer: Clearstone Engineering
Project:  REC Package
Job No:  CEL-15001
Prepared by: VB
Name 1 2 3 5 6
Description Water Outlet Oil Outlet Gas Outlet
Upstream Op M1.0ut PCV1.0ut V-100.Ligl V-100.Lig0 V-100.Vap
Downstream Op PCV1.In V-100.In PCVA4.In PCV3.In PCV2.In
VapFrac 0.24485 0.24988 0.00 0.00 1.00
T[F 252.8 248.0 248.0 248.0 248.0
P [psia] 5000.00 1440.00 1440.00 1440.00 1440.00
MoleFlow/Composition Fraction lbmol/h  |Fraction lbmol/h  |Fraction lbmol/h  |Fraction lbmol/h  |Fraction Ibmol/h
METHANE 0.21991  591.59 0.21991  591.59 0.00118 2.39 0.87654 0.00 0.87654 589.21
ETHANE 0.01004 27.01 0.01004 27.01 0.00004 0.08 0.04006 0.00 0.04006  26.93
PROPANE 0.00318 8.56 0.00318 8.56 0.00001 0.02 0.01271 0.00 0.01271 8.55
ISOBUTANE 0.00049 1.32 0.00049 1.32 0.00 0.00 0.00196 0.00 0.00196 1.32
n-BUTANE 0.00061 1.65 0.00061 1.65 0.00 0.00 0.00245 0.00 0.00245 1.64
ISOPENTANE 0.00017 0.46 0.00017 0.46 0.00 0.00 0.00069 0.00 0.00069 0.46
n-PENTANE 0.0002 0.53 0.0002 0.53 0.00 0.00 0.00078 0.00 0.00078 0.53
n-HEXANE 0.00012 0.33 0.00012 0.33 0.00 0.00 0.00049 0.00 0.00049 0.33
n-HEPTANE 0.00012 0.33 0.00012 0.33 0.00 0.00 0.00049 0.00 0.00049 0.33
NITROGEN 0.0082 22.07 0.0082 22.07 0.00003 0.06 0.03275 0.00 0.03275  22.01
CARBON DIOXIDE 0.00184 494 0.00184 494 0.00008 0.17 0.0071 0.00 0.0071 477
WATER 0.75511 2031.33 0.75511 2031.33 0.99865 2015.20 0.02399 0.00 0.02399  16.12
Total 1.00 2690.11 1.00 2690.11 1.00 2017.92 1.00 0.00 1.00 672.20
Mass Flow [Ib/h] 48416.00 48416.00 36355.20 0.00 12060.80
Volume Flow [ft3/s] 0.459 1.097 0.171 0.000 0.926
Std Lig Volume Flow [ft3/s] 0.329 0.329 0.162 0.000 0.167
Std Gas Volume Flow [MMSCFD] 2.4501E+1 2.4501E+1 1.8378E+1 2.0079E-42 6.1221E+0
Energy [Btu/h] -1.969E+7 -1.969E+7 -2.340E+7 1.216E-36 3.709E+6
H [Btu/lbmol] -7319.6 -7319.6 -11595.8 5517.5 5517.5
S [Btu/lbmol-F] 25.466 26.302 21.964 39.324 39.324
MW 18.00 18.00 18.02 17.94 17.94
Mass Density [Ib/ft3] 29.3085 12.2591 59.0118 3.6182 3.6182
Cp [Btu/lbmol-F] 17.071 16.856 18.635 11.516 11.516
Thermal Conductivity [Btu/h-ft-F] 0.3122 0.3049 0.3949 0.0335 0.0335
Viscosity [cP] 1.5015E-1 1.3826E-1 2.3577E-1 1.5942E-2 1.4753E-2
Molar Volume [ft3/Ibmol] 0.614 1.468 0.305 4,959 4,959
Z Factor 0.4280 0.2867 0.0697 0.9383 0.9383
Prepared On: 05/07/2015
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APPROX. OUTLINE OF STACK SECTIONS —
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VALVES MISCELLANEQUS SYMBOLS F INST] N N R IGNATION
—D<—  THREADED VALVE ———C  HOSE CONNECTION —u— SRIFICE PLATE C/W —— wer eg. PG-6"-CS—1001-38H-ET o KR AL NUMBER
—3>F—  SOCKET WELD VALVE ——l  BLIND FLANGE EQUIPMENT DESIGNATION—] IN INCREMENTS OF 1
0 ORIFICE PLATE IN QUICK ~— FLUME COMMODITY CODE (SEE TABLE) TRACER TYPE (SEE TABLE) @ (SEE TABLE) ¢ )
—4><E—  THREADED x SOCKET WELD VALVE ——b  REDUCING HUB FLANGE CHANGE FITTINGS —~ PIPE SIZE (NPS) INSULATION TYPE & THICKNESS (SEE TABLE) SERIES DESIGNATION (SEE TABLE)
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U
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—Pod+—  BALL VALVE —IJ—  FLEXIBLE HOSE —B__'— AVERAGING PITOT TUBE _@_ V—CONE METER ABBREVIATION DESCRIPTION Cc COOLERS (AIR_EXCHANGERS) | P PUMP
—X3—  PLUG VALVE —&—  FLAME ARRESTOR AM AMINE g E_')l(léﬂ:(ém ; :glv\vi?R OR_CONVERTOR
—Dad—  GLOBE VALVE — Y STRANER kL TURBINE METER 1 SONIC FLOW METER =2 BLowbown F | FILTER T | STORAGE TANK
Srw BOLER FEED WATER FL | FLARE STACK X_| PIG LAUNCHER OR RECENER
c CONDENSATE
—I\F—  CHECK VALVE o —fos}—  POSITIVE DISPLACEMENT METER —[M}—  MAGNETIC FLOW METER oA CHEMICAL G GENERATOR _(ELECTRIC) V_ | VESSEL
—X—  PISTON CHECK VALVE —D——  CHANGE IN PIPE SIZE CM COOLING MEDIUM H FIRED HEATER OR BOILER D PACKAGE UNIT
—~1—  corious meTER _C>>_ ROTAMETER > DRAN M_| MISCELLANEOUS SP | SPECIALTY
—Te4+—  BUTTERFLY VALVE T SUP/BLIND o FUEL GAS, START GAS * — INCLUDES VENDOR EQUIPMENT
—DK—  NEEDLE VALVE —{1}—  sINGLE PORT PITOT TUBE M RESTRICTION ORIFICE G GLYCOL INSULATION TYPE
BALL PIG VALVE 9 H HYDRAULIC FLUID | IGNATION
—i— —ll— SPACER —[i}—  TARGET TvPE sENsOR HCL HYDROCARBON_LIQUIDS 25 INSULATION THICKNESS (mm) 760 TINIET AREA (so_NLET SEF)
HM HEAT MEDIUM H HEAT CONSERVATION/FREEZE_PROTECTION
DOUBLE BLOCK & BLEFD VALVE - 200 | COMPRESSION / TREATING
_ﬁ'_ SPECTABLE. BLIND (OPEN) HPF HIGH_PRESSURE FLARE (>1_psig) C LOW_TEMPERATURE_SERVICE 00T DEFYORATTON TS
‘F)_ ANGLE VALVE :c :ggﬂms:; g:s PP PERSONNEL PROTECTION 400_| PROCESSING UNITS (eg. REFRIG)
? ABBREVIATIONS W ENGINE _JACKET WATER 500 [ PROCESSING UNMTS (eg. SWEETENING)
THREE WAY VALVE —il—  SPECTABLE BLIND (CLOSED) ) LUBE OIL, WASTE OIL TRACER TYPE 600 | PROCESSING UNITS
AC AR TO CLOSE LP  LOCAL PANEL - 700 | UTILTY (eg. InstAir, Fuel Gas, GLYCOL H.M., BLDG. HEATERS, DRAINS)
A0 AR OPEN LPD  LOW POINT DRAIN LPF LOW PRESSURE FLARE (<1 psig) GT GLYCOL TRACE
———  UNION 00_| VENT / FLARE SYSTEMS
AS AR TO SUPPLY MAG  MAGNETIC LEVEL M METHANOL ET ELECTRIC TRACE 500 | TANKS / STORAGE / VAPOUR TIGHT STORAGE TANKS
FOUR WAY VALVE BW  BUTT WELD M MALE MS MISCELLANEOUS or HOT OIL TRACE 000 | PIG LAUNGHERS
<I BLDG BUILDING MA MANUAL/AUTOMATIC N NITROGEN STEAM TRACE
—ll— CONICAL SCREEN CAP  CAPACITY MCC MOTOR CONTROL CENTER o) OPEN DRAIN 100 | PIG_RECENERS
C/W  COMPLETE WITH NC  NORMALLY CLOSED 5 VISCELLANEOUS OTHER PROCESS
QQNIEQLJALMES — STRAIGHTENING VANES CSC CAR SEAL CLOSE NC NORMALLY OPEN
CSO CAR SEAL OPEN N?F NORMALLY NO FLOW PE EMULSION VALVE IDENTIFICATION
CHO  CHAIN OPERATED N/l NO_INSULATION PG GAS "
_&_ DYPHRAGM OF ERATOR STEAM TRAP DC  DRAIN CONNECTION 0/S  OUTSIDE 55 oL eg. 6"GABO1S
o R = Far 65 DB&B DOUBLE BLOCK & BLEED PC_ PURGE CONNECTION = PRODUCED WATER 1 | MATERIALS OPTIONS
DB DOUBLE ISOLATION & BLEED ~ PLC ~PROGRAMMABLE LOGIC CONTROL A Ps™) S — SOUR, STD TEMPERATURE (~29°C MIN)
MOTOR OPERATOR T OPEN DRAN ES  ELECTRICAL SUPPLY P/L  PIPELINE L = LOW TEMPERATURE (—45°C MIN
‘i, E = ELECTRIC ESD  EMERGENCY SHUTDOWN RO  RESTRICTION ORIFICE SAS SANITARY SEWER SL — SOUR, LOW TEMPERATURE (—45'C MIN)
E 1 = HiDRAULIC ESDV EMERGENCY SHUTDOWN VALVE ~RP  REDUCED PORT C OUR_CONDENSATE (SEE VALVE MODIFIER) H — HIGH TEMPERATURE (<344'C
@ TIE-IN SYMBOL F FEMALE RF  RAISED FACE c OUR_GAS SS — SOUR, STAINLESS STEEL
FC FAIL CLOSE RSV REMOTE SWITCHING VALVE WS OTABLE WATER ANSI CLASS & SPECIALS X — SPECIAL REQUIREMENTS
—&)— ELECTROHYDRAULIC OPERATOR FF_ FLAT FACE RT  RING TYPE JOINT M — UNIQUE METALLURGY
FKOD FLARE KNOCK—OUT DRUM RTU  REMOTE TRANSMISSION UNIT THREADED/SOCKET WELD
E % SPECIALTY ITEM FO  FAIL OPEN SC  SAMPLE CONNECTION vave | ansi VALVE MINIMUM_RATING END_CONNECTIO
CYLINDER PISTON OPERATOR FOB  FLAT ON BOTTOM SD  SHUTDOWN (INDMIDUAL EQUIPMENT) LINE CODE CODE |CLASS|  BALL CHECK GLOBE [ NgEDLE 1 — RAISED FACE FLANGES
n FOT  FLAT ON TOP SG  SIGHT GLASS (cLass) | (CLass) GATE | (cLass) 2 — THREADED, FEMALE—FEMALE
FP FULL PORT SO STEAM OUT CONNECTION - (API_CLASS) :
—&— DIGITAL OPERATOR BARRED TEE PRIMARY PROCESS PIPING VALVE MODIFIER 3 — SOCKET WELD ENDS
FV  FULL VACUUM SW  SOCKET WELD 150 | 3000 3000 00 3000 4 _ SOGKET WELD x THREADED
HH HOLE TB  TURBINE UTILITY/SECONDARY PROCESS PIPING 3 | 300 |__3000 3000 00 3000 5 — RING TYPE JOINT FLANGES
—pki—  HAND OPERATOR HOA  HAND/OFF /AUTO TBC TO BE CONFIRMED NON—SIGNAL / NON—INSTRUMENT TUBING G 600 3000 3000 00 3000 0 — STANDARD -
INSULATION  KIT MOTOR CONTROL TE_ TURBO EXPANDER 3 3 3 T AL p § — FLUSH FACED FLANGES
WITH HOA SWITCH THRD THREADED — .. — .. — EXISTING PIPING AND EQUIPMENT 9 | 900 | 6000 6000 1500 6000 2 - SLLJH; ORT e CONNECYOR ENDS
BACK PRESSURE REGULATOR INSTRUMENT AIR/GAS SUPPLY HPV  HIGH POINT VENT TSS  TEMPORARY SUCTION STRAINER FUTURE PIPING AND EQUIPMENT 15 | 1500 6000 6000 1500 6000 3 — BELLOWS SEAL (e GRAYLO('B
WITH EXTERNAL TAP 44— NS HYDRAULIC SUPPLY UA_ UNIT ALARM 25 | 2500 | 10000 10000 | ANSI 2500 | 10000 9 — THREADED, MALE—FEMALE
USD  UNIT SHUTDOWN —— — — —  PACKAGE BOUNDARY LIMITS \
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Separator Data Sheet

Document# DSO01 Tag # V-100
Owner Clearstone Engineering Ltd. Model #
Project REC 4-Phase Separator Package FEED Serial #
Manufacturer CRN N/A
Properties & Conditions
Normal Operation Design

PROCESS FLUID

shale gas and light oil emulsion

shale gas and light oil emulsion

INLET PROPERTIES:

- Volume Fraction Water 0.9 0.45

- Inlet Temperature (°C) / (°F) 15/60 15/60

- Specific Gravity of Oil 0.78 0.86

- Specific Gravity of Water 1.03 1.00

- H2S concentration (%) 0.0 0.0
SEPARATING CONDITIONS:

- Minimum Oil Retention Time (min) 2 1

- Minimum Water Retention Time (min) 2 1

- Minimum Ambient Temperature (°C) / (°F) -15/-26 -45/-50
SEPARATOR PROPERTIES

- Oil Volume Flow Rate (m3/d) / (bpd) 55/35 200/ 1258
- Water Volume flow rate (m3/d) / (bpd) 375/2359 415/2610
- Sand Volume in Settling Zone (m3) / (bbl) 20/125 3.0/19.0
- Gas Capacity (E3 m3/d) / (MMSCFD) 280/10 540/19

- Insulated (Y/N) N N

- Ultimate Oil/Water Separation Capacity (m3/d) / (bpd) 380 /2390 615/3868

Vessel Specifications

SIZE:

- Seam to seam Length (mm) / (feet) 5486/ 18

- Outside Diameter (mm) / (feet) 1219/4
FLOW ORIENTATION Horizontal
DESIGN PRESSURE (kPa) / (PSI) 9930/ 1440
MINIMUM DESIGN PRESSURE (kPaa) / (psia) 0/0
DESIGN TEMPERATURE (°C) / (°F) 547130
MDMT (°C) / (°F) -45/-50
MATERIAL SA516 - 70

EXTERNAL SURFACE PREPARATION

SSPC SP6 Commercial Blast

EXTERNAL SURFACE COATING

Epoxy Primer - Bar Rust 231 or Intergard 345 (4 - 5 mils)

INTERNAL SURFACE PREPARATION

SSPC SP5 Blast

INTERNAL PRIMER COATING

Devchem 253 (5 - 6 mils)

INTERNAL FINISH COATING

Devchem 253 (5 - 6 mils)

INSULATION None
RADIOGRAPHY R100
PWHT per Design Code
STRESS RELIEF per Design Code
ESTIMATED WEIGHT (kg) / (Ib) 15105/ 33230
REV Date Originator Checked Approved Description
B June 11, 2015 VB ™ Re-issued for Review
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Separator Data Sheet
Document# DS01 Tag # V-100
Owner Clearstone Engineering Ltd. Model #
Project REC 4-Phase Separator Package FEED Serial #
Manufacturer CRN N/A
T . . . . PN
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Nozzles & Connections
Description (#) Size (NPS) Rating (ASME Material Projection Internal Coating
Class) (mm)
inlet (N1) 6 600 SA-333 Gr6 60 Devchem 253
PSV (N2) 3 600 SA-333 Gr 6 60 Devchem 253
pressure switch (N3) 2 600 SA-333Gr6 60 Devchem 253
gas outlet (N4) 6 600 SA-333 Gr6 60 Devchem 253
sand clean out (N5) 6 600 SA-333 Gr6 60 Devchem 253
heating coil/tube (N6A/B) 3 600 SA-333 Gr 6 60 Devchem 253
sand slurry outlets (N7 and N8) 6 600 SA-333 Gr6 60 Devchem 253
oil outlet (N9) 6 600 SA-333 Gr6 60 Devchem 253
sand site glass (N10A/B) 2 600 SA-333 Gr6 60 Devchem 253
water site glass (N11A/B) 2 600 SA-333 Gr6 60 Devchem 253
water level control (N12) 2 600 SA-333Gr6 60 Devchem 253
oil site glass (N13A/B) 2 600 SA-333Gr6 60 Devchem 253
oil level control (N14) 2 600 SA-333Gr6 60 Devchem 253
front sand jetting ring (N15) 2 600 SA-333 Gr6 60 Devchem 253
rear sand jetting ring (N16) 2 600 SA-333 Gr6 60 Devchem 253
front spray (N17) 2 600 SA-333 Gr6 60 Devchem 253
rear spray (N18) 2 600 SA-333Gr6 60 Devchem 253
spare (N19) 2 600 SA-333 Gr6 60 Devchem 253
manway along horizontal (M1) 20 600 SA-333 Gr 6 60 Devchem 253
manway on vessel head (M2) 20 600 SA-333 Gr 6 60 Devchem 253
Notes
1) Sand weir at 3658 mm (12') from inlet; height 762 mm (30")
2) Hydrocarbon riser height: 508 mm (20"); Water riser height: 305 mm (15")
3) Nozzle neck thickness for inlet, sand, gas, water and oil outlets and sand clean out shall be 28.6 mm (1.125").

data sheet 4 by 18 separator Rev B
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Separator Data Sheet

Document # DS02 Tag # V-100
Owner Clearstone Engineering Ltd. Model #
Project REC 4-Phase Separator Package FEED Serial #
Manufacturer CRN N/A
Properties & Conditions
Normal Operation Design

PROCESS FLUID

shale gas and light oil emulsion

shale gas and light oil emulsion

INLET PROPERTIES:

- Volume Fraction Water 0.9 0.45

- Inlet Temperature (°C) / (°F) 15/60 15/60

- Specific Gravity of Oil 0.78 0.86

- Specific Gravity of Water 1.03 1.00

- H2S concentration (%) 0.0 0.0
SEPARATING CONDITIONS:

- Minimum Oil Retention Time (min) 2 1

- Minimum Water Retention Time (min) 2 1

- Minimum Ambient Temperature (°C) / (°F) -15/-26 -45/-50
SEPARATOR PROPERTIES

- Oil Volume Flow Rate (m3/d) / (bpd) 55/35 500/ 3145
- Water Volume flow rate (m3/d) / (bpd) 375 /2359 615/3868
- Sand Volume in Settling Zone (m3) / (bbl) 3.0/20 4.7129.7
- Gas Capacity (E3 m3/d) / (MMSCFD) 280/10 630/ 22

- Insulated (Y/N) N N

- Ultimate Oil/Water Separation Capacity (m3/d) / (bpd) 380/2390 1115/7013

Vessel Specifications

SIZE:

- Seam to seam Length (mm) / (feet) 5486/ 18

- Outside Diameter (mm) / (feet) 1524 /5'
FLOW ORIENTATION Horizontal
DESIGN PRESSURE (kPa) / (PSI) 9930/ 1440
MINIMUM DESIGN PRESSURE (kPaa) / (psia) 0/0
DESIGN TEMPERATURE (°C) / (°F) 547130
MDMT (°C) / (°F) -45/-50
MATERIAL SA516 - 70

EXTERNAL SURFACE PREPARATION

SSPC SP6 Commercial Blast

EXTERNAL SURFACE COATING

Epoxy Primer - Bar Rust 231 or Intergard 345 (4 - 5 mils)

INTERNAL SURFACE PREPARATION

SSPC SP5 Blast

INTERNAL PRIMER COATING

Devchem 253 (5 - 6 mils)

INTERNAL FINISH COATING

Devchem 253 (5 - 6 mils)

INSULATION None
RADIOGRAPHY R100
PWHT per Design Code

STRESS RELIEF

per Design Code

ESTIMATED WEIGHT (kg) / (Ib)

23041 /50691

REV Date Originator

Checked Approved

Description

C June 9, 2015 VB

™

Re-issued for Review

data sheet 5 by 18 separator Rev C
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Separator Data Sheet

Document# DS02 Tag # V-100
Owner Clearstone Engineering Ltd. Model #
Project REC 4-Phase Separator Package FEED Serial #
Manufacturer CRN N/A
(a0 T TN Ty i D
R I N7 GME L L NE | WAR ) [ L B
— R S e L
K134
(i
|:/ r-.12\':| - : s . 130 g
S ; s S
AL ; LA e
e ! . MK
! ! Ny
— 1 [
AR o o S ! E—
e ! i !
Il = L
n [
_J? i 1 1 ) J_ e
CONE (s (a) [heey 7
Nozzles & Connections
Description (#) Size (NPS) Rating (ASME Material Projection Internal Coating
Class) (mm)
inlet (N1) 6 600 SA-333 Gr6 60 Devchem 253
PSV (N2) 3 600 SA-333 Gr 6 60 Devchem 253
pressure switch (N3) 2 600 SA-333Gr6 60 Devchem 253
gas outlet (N4) 6 600 SA-333 Gr6 60 Devchem 253
sand clean out (N5) 6 600 SA-333 Gr6 60 Devchem 253
heating coil/tube (N6A/B) 3 600 SA-333 Gr 6 60 Devchem 253
sand slurry outlets (N7 and N8) 6 600 SA-333 Gr6 60 Devchem 253
oil outlet (N9) 6 600 SA-333 Gr6 60 Devchem 253
sand site glass (N10A/B) 2 600 SA-333 Gr6 60 Devchem 253
water site glass (N11A/B) 2 600 SA-333 Gr6 60 Devchem 253
water level control (N12) 2 600 SA-333Gr6 60 Devchem 253
oil site glass (N13A/B) 2 600 SA-333Gr6 60 Devchem 253
oil level control (N14) 2 600 SA-333Gr6 60 Devchem 253
front sand jetting ring (N15) 2 600 SA-333 Gr6 60 Devchem 253
rear sand jetting ring (N16) 2 600 SA-333 Gr6 60 Devchem 253
front spray (N17) 2 600 SA-333 Gr6 60 Devchem 253
rear spray (N18) 2 600 SA-333Gr6 60 Devchem 253
spare (N19) 2 600 SA-333 Gr6 60 Devchem 253
manway along horizontal (M1) 20 600 SA-333 Gr 6 60 Devchem 253
manway on vessel head (M2) 20 600 SA-333 Gr 6 60 Devchem 253
Notes

1) Sand weir at 3658 mm (12') from inlet; height 940 mm (37")

2) Hydrocarbon riser height: 711 mm (28"); Water riser height: 457 mm (18")

3) Nozzle neck thickness for inlet, sand, gas, water and oil outlets and sand clean out shall be 28.6 mm (1.125").

data sheet 5 by 18 separator Rev C
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1 DOCUMENT No. DS-03 TAG No. G-700 PAGE 1 OF 1
2 CLIENT Clearstone Engineering Inc. JOBNo.  CEL-15001
3
4 Equipment Portable Generator
5 PROJECT REC Separator Package SERVICE Power Generation
6 MANUFACTURER MODEL No. QUANTITY 1
7 Generator Engine
8|POWER RATING Prime MANUFACTURER By Vendor
9[kW / kVA 30/30 MODEL By Vendor
10|VOLTAGE (V) 220 TYPE naturally aspirated
11|PHASE 1 CYCLES 4
12|FREQUENCY (Hz) 50 Hz CYLINDERS 4
13|POWER FACTOR 1.0 SPEED (rpm) By Vendor
14|OVERLOAD CAPABILITY (%) 10 RATING (hp) By Vendor
15 GOVERNER TYPE By Vendor
16|PRIME MOVER Engine
17|FUEL Dual Fuel: Diesel & Natural Gas
18 Additional Systems
19 COOLING SYSTEM FUEL SYSTEM
20|TYPE Air Cooled RECOMMENDED FUEL By Vendor
21|MOUNT Engine Mounted MAX. FUEL FLOW (Lph)/ (gph) By Vendor
22|RATING By Vendor FUEL PRIME PUMP By Vendor
23 FUEL TANK CAPACITY (L) / (gal.) By Vendor
24
25 LUBRICATING SYSTEM ALTERNATOR
26| TYPE By Vendor MANUFACTURER By Vendor
27|OIL PAN CAPACITY By Vendor TYPE By Vendor
28|OIL PAN CAPACITY W/ FILTER By Vendor LEADS: QUANTITY/TYPE By Vendor
29 INSULATION TYPE/CLASS By Vendor
30 RATING By Vendor
31 VOLTAGE REGULATIONS By Vendor
32 PACKAGE DESIGN
33|PACKAGE DIMENSIONS (L X W X H) (mm)/ (in.) By Vendor
34|PACKAGE WEIGHT (kg) / (Ib) By Vendor
35
36 DESIGN STANDARDS
37|NEMA Required
38|ANSI Required
39|IEEE Required
40|CSA Required
41|OTHER
42
43| REMARKS VENDOR TO COMPLETE DATA SHEET
44
45
46
47
48
49
50
51 REV DATE BY CK'D APP. |DESCRIPTION REV DATE BY CK'D APP. |DESCRIPTION
52 0 June 23/15| VB Issued for review
53
54

C:\Users\tomm\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content. MSO\[Copy of VEI-DS-011-PSV (PSV-100,1010).xIs]Rev. A




1 DOCUMENT No. DS-03 TAG No. K-700 PAGE 1 OF 1
2 CLIENT Clearstone Engineering Inc. JOBNo.  CEL-15001
3
4 EQUIPMENT Instrument Air Compressor
5 PROJECT REC 4-Phase Separator Package SERVICE
6 MANUFACTURER MODEL No. QUANTITY 1
7 COMPRESSOR
8|TYPE By Vendor
9|MIN RATED POWER (kW) / (HP) 37/5
10{NO. OF STAGES By Vendor
11|GEAR RATIO By Vendor
12|DRIVER Electric Driver
13|INPUT SPEED (rpm) By Vendor
14|VOLTAGE / FREQUENCY 220V / 50 Hz
15
16|MIN DISCHARGE PRESSURE (kPag) / (psig) 689/ 100
17|MAX DISCHARGE PRESSURE (kPag)/ (psig) 1034/ 150
18|RATED FLOW (m3/min) / (scfm) 0.5/18
19|MIN DISCHARGE TEMPERATURE (°C) / (°F) -20C / -4F
20({MAX DISCHARGE TEMPERATURE (°C)/ (°F) 54C / 130F (Note 1)
21
22(OIL FLOODED By Vendor
23|OIL FLOW FOR COMPRESSION (L/min) / (Gpm) By Vendor
24(OIL INJECTION TEMPERATURE (°C)/ (°F) By Vendor
25(MIN OIL FILL BEFORE STARTUP (L)/ (Gal.) By Vendor
26|SUGGESTED OIL TYPE&GRADE By Vendor
27, ADDITIONAL EQUIPMENT
28 DRYER RECEIVER
29|REQUIRED Yes REQUIRED Yes
30|TYPE Dessicant ORIENTATION By Vendor
31|RATED FLOW (m3/min) / (scfm) 0.5/18 SIZE (L) / (Gal.) 300/ 80
32|DEW POINT (°C)/ (°F) -40C / -40F DRAIN TYPE Manual
33|VOLTAGE / FREQUENCY 220V /50 Hz
34 PACKAGE DESIGN
35|PIPING MATERIAL A106 - B smils
36|FITTINGS A105
37| TUBING MATERIAL A269 - 316 SS
38|HI/LO PRESSURE SWITCHES Required
39|HIGH TEMPERATURE SHUTDOWN Required
40
41|PACKAGE DIMENSIONS (L X W X H) (mm)/ (in.) By Vendor
42|PACKAGE WEIGHT (kg) / (Ib) By Vendor
43 CONNECTIONS
44 MK QTY SIZE RATING TYPE REMARKS
45|OUTLET 1 150# NPT By Vendor
46|DRAIN 1 150# NPT By Vendor (Note 2)
47|INSPECTION PORT 1 150# NPT By Vendor
48|PSV 1 By Vendor
49
50| REMARKS VENDOR TO COMPLETE DATA SHEET
51
52|1. Maximum temperature is based on the design temperature of the REC 4-phase Separator vessel
53]|2. Outlet will feed Instrument Air header and divide into eight (8), 1/2" - 150# NPT connections
54
55
56
57
58 REV DATE BY CK'D APP. |DESCRIPTION REV DATE BY CK'D APP. |DESCRIPTION
59 0 June 23/15| VB Issued for review
60
61

C:\Users\tomm\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content. MSO\[Copy of VEI-DS-011-PSV (PSV-100,1010).xIs]Rev. A




PRESSURE RELIEF VALVES

CLIENT:

PROJECT:

Clearstone Engineering Ltd.

REC 4-Phase Separator

REVISIONS

SHT# PSV-01

DATE

DESCRIPTION

Doc# VEI-DS-011

July 22/2015

CP#

Req#

PO#

App'd by:

Chk'd by: TM

GENERAL

Tag Number

PSV-100

PSV-700

PSV-1010

Service

Gas

Gas

Gas

Line No./Vessel

V-100

V-700

V-101

Full Nozzle / Semi Nozzle

Safety or Relief

Safety

Safety

Safety

Conv., Bellows, Pilot Op

Bonnet Type

CONN.

OIN O OO~ WON -

Size: Inlet | Outlet

11/2" | 2"

1" | 1"

2" | 3"

Flange Rating or Screwed

600# 150#

150#  150#

150#  150#

Type of Facing

RF

npt

RF

MATERIALS

Body and Bonnet

Carbon Steel

Carbon Steel

Carbon Steel

Seat and Disc

316 SS

316 SS

316 SS

Resilient Seat Seal

Guide and Rings

std

std

std

Spring

Bellows

OPTIONS

Cap: Screwed or Bolted

Lever: Plain or Packed

Test Gag

BASIS

Code

Sizing Case

FLUID DATA

(Engineer'g Units)

Press. = kPag
Temp.=C
Lig. Flow = Am3/h

Gas Flow = Sm3/h

Stm. Flow = kg/h

31

33
34
35
36
37
38
39
40
41
42
43
44

Fluid and State

Gas

Gas

Gas

Required Capacity

11,800

250

11,800

Mol. Wt. 5.G. @ Oper.P/T

0.65

0.65

0.65

Oper. Press. [Set Press.

6900 9930

690 1034

690 1965

Oper. Temp. [Rel. Temp.

15 32

15 32

15 32

Back Pressure - Constant

Back Pressure - Variable

Back Pressure - Total

% Allowable Overpressure

Overpressure Factor

Compressibility Factor

0.9383

0.9383

Latent Heat of VVaporization

Ratio of Specific Heats

Operating Viscosity cP

Barometric Pressure

P&ID No.

10160-0301

10160-0301

10160-0303

Notes

ORIFICE

45
46
47
48
49

Calculated Area (sq. in.)

0.2436

1.2277

Selected Area (sq.in.)

0.337

1.43

Orifice Designation

F

Carbon Steel

J

Manufacturer

Model Number

NOTES:

** Vendor to provide this information with quotation.
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42
43

45
46
47

49

Hood Engineering

g8

300

PI-002

ESDV-100

FI-1002

FI-1001

LC-1001

LC-1002
LG-1000
LG-1001
LG-1002
LG-9100
LV-1001
LV-1002
BPCV-100
PI-700
PI-701
PI-1006
PI-1007
PRV-700
PRV-T00A
PRV-701
PRV-1001
PRV-1002
PSV-100
PSV-700

PSHH-100
TI-1006
FE-1006
PR-1006
TR-1006
FR-1006
BPCV-101
LG-1010
LG-1011
PI-1012
PI-1013
PS-101
PSV-1010
TI-1012
L-301
L1-902

LSHH-800

172" n tbottommount, Il uid lled a e, " ace, dualscale
1/2" n tbottom mount, li uid filled a e, 4" face, dual scale

Streamflow SSV valve with Hydraulic ESDV actuation system,
ciwpneumatic switching valve for esd s tem.

1.5x2" wafer, cdm4 cu rotor with tungsten carbide sleeve bearing,
1 C size lithium battery with 24 vdc option.
2xZ" wafer, cdm4 cu rotor with tungsten carbide sleeve bearing, 1
C size lithium battery with 24 vdc option.

Pneumatic controller, 6to 30psi bellows, right hand mount, 2"600#

flanged

Pneumatic controller, 6to 30psi bellows, right hand mount, 2"600#

flanged

Penberth RM flat glass gage

Penberth RM fiat glass gage

Penberthy RM flat glass gage

rate gauge

CVS D bod , 667-40 actuator, 3/4" tungsten carbide trim, 2"600%

CVS D bod , 667-40 actuator, 1/2° 316 SST/Alloy 6 trim, 2"600#

SwurFlo bladder valve, 4" 600#.
1/4” n t bottom mount. i uid filed au e, 2.5 face, dual scale
1/4% n t bottom mount, Il vid filled a e, 2.5 face, dual scale

1/2* n tbottom mount, li vid filed a e, 4 face, dual scale
172" npt battorn mount, fiquid filled gauge, 4" face, dual scale

Fisher 630H, 1" NPT, 275 to 500 psi spring

Fisher 627, 1" NPT, 15 to 40 psi spring

Fisher 630H, 2" NPT, 150 to 200 psi spring

Fisher 67CFR, 0-35psi spring

Fisher 67CFR, 0-35psi spring

2' npt (other options available), 379 to 12617 psi range
2.5° U insertion , 1/2°n t rocess connection, 3" face,dual scale
Orifice Jrcha er
Floboss 103w/d e
Floboss 103 w/ dongle
Floboss 103 w/ dongle

2" npt, with float for lighter density, pneumatic switching, with vent
required.

2333
2333

SSVxoox

turbine WMU200X2 Display
IT400-DC-TRL-X

turbine WM0150X2 Display
IT400-DC-TRL-X

1001A

1001A
RM
RM
RM
5700

SF10V-C-75H-883-X-4.6

233.3

2333

2333

2333

630H

827

630H
67CFR
67CFR

Ccvs CVS Series 2000 ressure ilot
Wika 7133

Emerson Floboss 103

Emerson Fioboss 103
Emerson Floboss 103

1282-11-32

recommend flan ed hi ressure dia hra m seal L990 12 or similar
recommend fla ed hi ressure dia hra m seal L8990 12 or similar

APl 10000

1.5x2° wafer cdmd4 cu rotor with tungsten carbide sleeve bearing, 1
C size lithium batte  with 24 vdc option.

2x2" wafer, cdmd cu rotor with tungsten carbide sleeve bearing, 1
C size lithium battery with 24 vdc option.

16" dis lacer, re s ri . enviro- lot

12" dis lacer, llows ri , enviro- llot

Boltu kit art #SF10V-6 6CK
1/4" n t bottom mount, uldfiled a e, 2.5 face, dual scale
1/4* n t bottom mount. Ii uid filled a e, 2 5 face, dual scale
1/2" n tbottom mount, li uid filled a e, 4" face, dual scale
1/2" n tbottom mount, li uld filled a e, 4" face, dual scale

m ht consider a thermowell

Future
Future
Future
Future
Future
Future
Future
Future

Ensure low density fluid fioat specified

M aPsi

K aPsi

m3/da

m3/da

Psi

Psi

Pst

a/Psl
a/Psl
a/Psl
a/Psl
aPs
aPs
aPs
aPs
aPs

RARXRXRARXRRRX

80

218

ocoagmm

1886 K a/275 Psl
103K a/15Psi
1034 K a/150 Psl
0
0

5067 risin
-100F -70 C

0
40
0

69M a/100 Psi
69M a/10000 Psl

1000

2180

30
30
1440
1100 K a/160 Psi
1100 K a/160 Psi
13789 K 272000 Psi
13789 K a/2000 Psi
3447 K /500 Psi
275K a/40 Psi
1378 K a/200 Psi
241K a/35Psi
241K a/35Psi

12617 risi
150 F/70 C

25000
150
1000

Page 1of 3

D10 683K a
80 fo 1000
218t02180
14 to 30 direct actf
14to0 30
3447 K a/500 Pst
137K af20 Psi
1378 K a/200 Pst
241K an5Psi
241K af35Psi
set @ 9928 Kpag rising



//‘\ u Vanguard A
SHENERRE v, DATE DESC___ION BY
S HoOD A July 13 2015 Issue for Review DO

[SPECIFICATION / DATA SHEET FOR;

GAUGE COMPLIANT WITH NACE MR0175:

PRESSURE GAUGES
TYPE: [X]DIRECT READING []20-100 kPa RECEIVER |RING TYPE:  [x]SCREWED [_JHINGED [[sLIP
[x] WEATHER PROOF IP 66 | NEMA 4X
[CJoTHER
DIAL SIZE: [ ]45" []e" OTHER 4"
I MOUNTING: [x]PROCESS [ JSURFACE [ |FLUSH
MANUFACTURER & MODEL NUMBER:
[CJoTHER
Wika 233.3
CONNECTION [TJua" [x]u2r [m [JF
URACY:  + %Span 1 OF FULL SCALE Fﬁ
[x]soTTOM [(]BAck
ELEMENT: [x]BOURDON [ [BELLOWS [ |DIAPHRAGM
[JoTtHER
MATERIALS:
ELEMENT 316L
BLOW-QUT [Jvent [x]Back  [Joisc
WETTED PARTS 316L PROTECTION:
[[JsoLib FRONT DIsC
CASE 316L
[JotHER
LENS Polycarbonate
RUPTURE PRESSURE: Psig
MOVEMENT  316L
MAX. TEMP.:  PROCESS 212 F
AMBIENT 140 F
[LIQUID FILLED: [<]yes [Ino OPTIONS:
[X] ZERO ADJUSTMENT
LIQUID (1) Glycerine 99.7 %
""" [X] WHITE DIAL WITH BLACK PRINTINGS
LIQuUID (2) %

[CJvALVE MANIFOLD TYPE

EOTHER H pre re diaphragm L990.12

[Jyes [x]no
TAG | |PI-scALE[: AS SERVICE
RANGE
F1-007 0 to 10000 Psig | 3600 Psig “13000Psig | | 212 | 1
P1-002 0 to 10000 Psig 3600 Psig 13000 Psig 212
PI-1006 0 to 2000 Psig 1440 Psig 2600 Psig 212
PI-T10U7 0 Sig SIg 200U Psig 212
UNITS | NOTES:
[PRESSURE Ps'g P1-001 and PI-002 to be ordered with hi pressure diaphragm. This will keep sand out of the
HTEMPERATURE Deg. F device and extend the life of the instrument.
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METER DATA SHEET

HOOD
CLIENT: Vanguard BY: DO
PROJECT REC skids DATE: July 13/2015
FABR. SPEC: APPROVED:
SERIAL No.: DATE:
: GENERAL COMMENTS
P & ID NUMBER 10160-0301 Body pressure rating: 3700 Psi
TAG NUMBER FI-1001
SERVICE DESCRIPTION Frac fluid level contro Lower
LINE SIZE 2" 600# SCHEDULE
ERATING CONDITIONS
PROCESS: FLUID FracFluid PHASE Iqud sald
ENG. UNITS: FLOW m3/day PRESSURE 1438 Psia
FLOW: MIN 218 NORM MAX 2180
INLET PRESSURE: MIN 330 psig NORM MAX 1424 Psig
OUTLET PRESSURE: MIN 0 NORM 3 psig MAX 10psg
TEMPERATURE °C: MIN 80 NORM 80 MAX 80
SG (LIQUID) OR MOL WT (GAS) 0.290 ft3 Ibmoal
VISCOSITY .86048 cP COMPRESSIBILITY
PRESSURE: VAPOUR CRITICAL
SPECIFIC: HEAT RATIO VOLUME
PRESSURE DROP: ALLOWABLE
MISCELLANEOUS
METER
|METER TYFE Requ res Sponsler M N# IT400-DC-TRL-X mu ti-Fun_tion flow
ORIFICE (JR) O PD (] MASS a Indicator. Battery powered with 4-48 Vd and 4-20 mA
ORIFICE (SR) O TURBINE xO MAGMETER [m] output option.
VORTEX a VENTURI m} ROTAMETER O
PITOT a ULTRASONIC O OTHER
CUSTODY TRANSFER INSTALLATION
PRESSURE/TEMPERATURE COMPENSATION
REQUIRED ACCURACY PIPE ID'OD
MANUFACTURER  Turbines Inc MODEL NUMBER WMO0200X2 BETA RATIO
SIZE 2x2" ATTITUDE
END CONNECTIONS Wafer ANSI RATING INDOOR/QUTDOOR
BODY MATERIAL 316L SS POWER
|INTERNALS cdmé cu rotor CSA CLASSIFICATION
BEARINGS Tunsten Carbide
OPTIQNS & ACCESSORIES
SPECIAL CONSIDERATIONS STRAIGHTENING VANES
HIGH/LOW VISCOSITY dP DUAL PICKUP
VARIABLE COMPOSITION BIDIRECTIONAL
OTHER MECHANICAL PRINTER
UPSTREAM STRAINER
NACE COMPLIANCE
Job No. REC Skids Rev Date Initials

Data Sheet No.  Fi-1001

A 7/13/15 Do




N\ pu METER DATA SHEET
KLEINFELDER
N T —— HOoOD
CLIENT: Vanguard BY: DO
PROJECT REC skids DATE: July 13 2015
FABR. SPEC: APPROVED:
SERIAL No : DATE:
: BGENE 'L COMMENTS
P & ID NUMBER 10160-0301 Body pressure rating: 3700 Psi
TAG NUMBER FI-1002
SERVICE DESCR PT ON Light hydrocarbon level contro (upper)
LINE SIZE 2" 600# SCHEDULE
E:RATII“{G 'QONDITION'S
PROCESS* FLU D oilcond PHASE liqud
ENG. UNITS: FLOW m3/day PRESSURE 1438 Psia
FLOW: MIN 84 NORM MAX 336
INLET PRESSURE: MIN 330 psig NORM MAX 1424 Psg
OUTLET PRESSURE:  MIN 0 NORM _ 3 psig MAX 10psg
TEMPERATURE C: MIN 80 NORM 80 MAX 8
SG (LIQUID) OR MOL WT (GAS) 3.255 f3 Ibmol
VISCOSITY .012905 cP COMPRESSBLTY
PRESSURE: VAPOUR CRITICAL
SPECIFIC: HEAT RATIO VOLUME
PRESSURE DROP: ALLOWABLE
SCELLANEOUS
METER
JMETER TYPE Requires Sponsler M N# IT400-DC-TRL-X multi-Function flow
ORIFICE (JR) O PD [m] MASS [m] Indicator. Battery powered with 4-48 Vdc and 4-20 mA
ORIFICE (SR) ] TURBINE xd MAGMETER (m] output option.
VORTEX m] VENTURI ] ROTAMETER (m]
PITOT [m] ULTRASON C [0 OTHER
CUSTODY TRANSFER INSTALLATION
PRESSURE/TEMPERATURE COMPENSATION
REQUIRED ACCURACY PIPE ID'OD
LMANUFACTURER Turbines Inc MODEL NUMBER WM0150X2 BETA RATIO
SIZE 1.5x2" ATTITUDE
END CONNECTIONS Wafer ANS| RATING INDOOR/OUTDOOR
BODY MATERIAL 316L SS POWER
[INTERNALS cdm4 cu rotor CSA CLASSIFICATION
BEARINGS Tunsten Carbide
OPTI'QH_S'_@ACCE”SSORIE-S
SPECIAL CONSIDERATIONS STRAIGHTENING VANES

HIGH/ILOW VISCOSITY dP DUAL PICKUP
VARIABLE COMPQOSITION BIDIRECTIONAL
OTHER MECHANICAL PRINTER

UPSTREAM STRAINER

NACE COMPLIANCE
Job No. REC Skids Rev Date Initials

A 7/13/15 DO

Data Sheet No.  FI-1002




KLEINFELDER l". LEVEL INSTRUMENTS (DISPLACER OR FLOAT)
N T HoOD
CLIENT: VANGUARD REVISIONS SHT #
No BY DATE DESCRIPTION |Doc # 47-DS-063
A DO |7/14/2015 IFR CP#
Req #
PROJECT: REC Skids PO #
App'd by;
— Chk'd by:
1|Tag Number LC-1001 LC-1002
2|Service V-100 Water V-100 Oil
3|[Line No./Vessel V-100 V-100
4|Body or Cage Material
Rating 6000 psig 6000 psig
5]Conn. Size & Location Upper 2" 600#
Type flanged
6|Conn. Size & Location Lower 2" 600#
Type flanged
BODY/CAGE  7|Case Mounting RH Mount RH Mount
Type
8[Rotable Head yes yes
9
10|Orientation {displacer) vertical horizontal
11|Cooling Extension no no
12|Vessel Nozzle Projection
13|Dimensions
14]Insertion Depth tbd thd
DISPLACER/ 15|Displacer Extensian 16" displacer 12" displacer
FLOAT 16| Displacer or Float Material thd tbd
17 | Displacer Spring/Tube Mat'l Grey spring Yellow Spring
18|Sour Specification
19
20|Function direct acting direct acting
21|Output 6 to 30 psig 6 to 30 psig
22|Control Modes throttling throttling
23|Differential
XMTR/CONT. 24]Output Action Level Rise increases increases
25{Mounting
26 |Enclosure Class general general
27 [Electric Power or Air Supply air air
28| Trip Paint field set field set
29|Upper Liquid oil
SERVICE  30(Lower Liquid water
31|sp.gr.: Upper Lower
(Eng. Units)  32(Pressure: Max. Normal 9930 9930
Press. = kPag 33(Temp. : Max. Normal 27 27
Temp.=C 34
35
36[Air Set [ Supply Gage | | [ |
37|Gage Glass Connections
38|Gage Glass Model No.
39[Contacts: No. | Form | | | |
40|Conlact Rating
OPTIONS  41]Action of Contacts
42 |Switch Type Enviro-pilot Enviro-pilot
43
44|P&ID No. 10160-0301 10160-0301
45| Notes
46 |Manufacturer / Vendor Norriseal / CVS Norriseal / CVS
47 |Model Number series 1001A series 1001A
INOTES:




7~ N\ pLu
KLEINFELDER GAGE GLASSES and COCKS
N T ‘Hoobp
CLIENT: Vanguard REVISIONS SHTZ
NO BY DATE DESCRIPTION [Doc#
A DO 7/14/2015 IFR CP#
Req#
PROJECT: REC PO#

App'd by: PTC
| - Chk'd by: LJL
1. Gage Column: Yes Cocks: Yes GAGE COCKS

Assembled with Nipples: Unassembled with Nipples:  Yes | 8. Type - Offset: Yes Straight:
GAGE GLASSES 9. Conn - Vessel: 3/4" npt Gage: 1/2" npt
2. Type: Reflex:  Yes Transparent. Vent/drain: 1/2" npt
Tubular: L'ge Chamb'r 10. Material - Body: Carbon Steel Trim: 316ss
Weld Pad: 11. Min. Rating: 9930 kPag at 38°C
3. Conn: Size and Type: 1/2" fnpt 12. Construction:
Top & Bottom: Yes Side: Back: 13. Type of Connection - Vessel: 3/4" npt
Vent: Drain: Body: 1/2" npt
4. Material: Carbon Steel 14. Bonnet:
5. Min. Rating: 9930 kPag at 38DeaC 15. Options - Ball Checks: Renewable Seats: Yes
6. Options llluminator Mica shield: Other:
External Tube: Ext. Jacket: 16. Manuf. & Model No: Penberthy Model TBD
Non - Frost: Ext. Length:
Calb. Scale: Other:
7. Manuf & Mod No: Penberthy Model RM
Instrument Visible Center - Line P&ID Temp. Press. Service Notes
Tag No. Glass Conn. No. Norm | Max. | Norm. | Max.
(mm) (mm) C C (kPag)
LG-1000 thd thd 0301 9818 | 9930 |V-100 level
LG-1001 tbd thd 0301 9818 | 9930 [V-100 water level
LG-1002 thd thd 0301 9818 | 9930 |V-100 Oil level

INOTES:
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KLEINFELDER
\/aﬂgmw Right Salutions.

LE

GAGE GLASSES and COCKS

HOOD
CLIENT: Vanguard REVISIONS SHT#
NO BY DATE DESCRIPTION |Doc#
A DO 7/14/2015 IFR CP#
Reg#
PROJECT: PO#
App'd by: PTC
| - Chk'd by: LJL
1. Gage Column: Cocks: GAGE COCKS
Assembled with Nipples: Unassembled with Nipples:  Yes | 8. Type - Offset: Straight:
GAGE GLASSES 9. Conn - Vessel: Gage:
2. Type: Reflex: Transparent Vent/drain:
|Rate Gauge L'ge Chamb'r 5/8" 0.D. 10. Material - Body: Trim:
Weld Pad: 11. Min. Rating: at
3. Conn: Size and Type:  _ 1/2" mnpt 12. Construction:
Top & Bottom: Yes Side: Back: 13. Type of Connection - Vessel:
Vent: Drain: Body:
4. Material: 5/8" O.D. glass 14. Bonnet:
I5. Min. Rating: at 38DegC 15. Options - Ball Checks: Renewable Seats:
6. Options llluminator Mica shield: Polycarbonate Other:
External Tube: Ext. Jacket: ZincPlated CS  }16. Manuf. & Model No:
Non - Frost: Ext. Length:
Calb. Scale: thd Other: Fluorocarbon seals

1. tank heightis 0.9 m.
2. Vendor is Zimco gauge and valve

7. Manuf & Mod No: Kenco 5700
Instrument Visible Center - Line P&ID Temp. Press. Service Notes
Tag No. Glass Conn. No. Norm | Max. | Norm. [ Max.
(mm) (mm}) C C (kPag)
LG-9100 thd 0301 15 36 3 5§ |[methanol tank level 1,2
INOTES:




N\ pa
KLEINFELDER P
N HOOD
CONTROL VALVE DATA SHEET
CLIENT: Vanguard BY: Dal as Obngewitch
PROJECT REC skids DATE: July 142 15
FABR. SPEC: APPROVED.
SERIAL No.: DATE:
; S e . COMMENTS
P & ID NUMBER 10160-0301 Bench set 14 to 30 ps
TAG NUMBER LV-1001
SERVICE DESCRIPTION V-100 lower water
LINE: SIZE 2" SCHEDULE 600 ANSI
PROCESS: FLUID Frac PHASE Liquid
ENG. UNITS: FLOW m3/hr  PRESSURE kpag
FLOW: MIN 15 NORM MAX 50
INLET PRESSURE: MIN 2275 NORM MAX 9831
OUTLET PRESSURE: MIN  atm NORM MAX 68
TEMPERATURE °C: MIN 20 NORM 26 MAX 50
5G (LIQUID) OR MOL WT (GAS) 995 kgim3
VISCOSITY 86048 cP COMPRESSIBILITY
PRESSURE: VAPOUR CRITICAL
SPECIFIC: HEAT RATIO VOLUME
PRESSURE DROP:  SIZING SHUTOFF
ALLOWABLE (dB) CALCULATED(@B) ¢ ACTUATOR
VALVE C, CALCULATED ACTUAL MANUFACTURER CVS
MODEL NUMBER 667-40
.............. R . .......| TYPE B67 SIZE_40
IMANUFACTURER  CVS MODEL NUMBEF Series D SIGNAL RANGE 6 to 30 psi
SIZE 2" TYPE D body AIR SUPPLY 35 psi
END CONNECTIONS 2 ANS| RATING 600# RF FAILURE POSITION closed
IMATERIAL LCC Stee body PACKING teflon
BONNET TYPE std
TRIM MANUFACTURER na
PLUG M-form MODEL NUMBER
CHARACTERISTIC  equa °e INPUT SIGNAL
NUMBER OF PORTS 1 PORT SIZE 3/4" OUTPUT SIGNAL
GUIDING TYPE Sliding stem GAUGES BYPASS
JMATERIAL Tungsten Carbide DPTIONS & ACCESSORIES
SEAT Tungsten Carbide AIR SET
FPLUG Tungsten Carbide HANDWHEEL
SHAFT LUBRICATOR
ANSI LEAKAGE CLASSIFICATION Class IV MOUNTING LOCATION
ISOLATION VALVE
""""" SOLENOID VALVE
VALVE POSITION LIMIT SWITCH
Job No. Rev Date Initials
A |7/14/2015 DO

Data Sheet No.




KLEINFELDER
IS | es
CONTROL VALVE DATA SHEET
CLIENT: Vanguard BY: Dallas Obrigewitch
PROJECT REC skids DATE: July 14 2015
FABR. SPEC: APPROVED:
SERIAL No.: DATE:
St GENERAL , ...  COMMENTS
P & ID NUMBER 10160-0301 Bench set 14 to 30 psi
TAG NUMBER LV-1002
SERVICE DESCRIPTION V-100 upper o'l
LINE: SIZE 2" SCHEDULE 600 ANSI
OPERATING CONDITIONS
PROCESS: FLUID O PHASE Liqud
ENG. UNITS: FLOW m3/day PRESSURE kpag
FLOW: MIN 84 NORM MAX 336
INLET PRESSURE: MIN 2275 NORM MAX 9831
OUTLET PRESSURE: MIN  atm NORM MAX 68
TEMPERATURE °C: MIN 20 NORM 26 MAX 50
SG (LIQUID) OR MOL WT (GAS) 88 kg/m3
VISCOSITY .012905 cP COMPRESSIBILITY
PRESSURE: VAPOUR CRITICAL
SPECIFIC: HEAT RATIO VOLUME
PRESSURE DROP:  SIZING SHUTOFF
ALLOWABLE (dB) CALCULATED (dB) ACTUATOR
VALVE C, CALCULATED ACTUAL MANUFACTURER CVS
VALVE MODEL NUMBER  667-40
R BooY TYPE 667 SIZE _40
MANUFACTURER  CVS MODEL NUMBEF Series D SIGNAL RANGE 6 to 30 psi
SIZE 2" TYPE D body AIR SUPPLY 35 psi
END CONNECTIONS 2" ANSI RATING 600# RF FAILURE POSITION closed
IMATERIAL LCC Stee body PACKING teflon
BONNET TYPE std POSITIONER
TRIM by MANUFACTURER nla
PLUG M-form TYPE MODEL NUMBER
CHARACTERISTIC  egual % INPUT SIGNAL
NUMBER OF PORTS 1 PORT SIZE 12" OUTPUT SIGNAL
GUIDING TYPE Sld'ng stem GAUGES BYPASS
[MATERIAL 316 SST/Alloy 6 T PTIONS & ACCESSORIES
SEAT 316 SST/Alloy 6 AR SET
PLUG 316 SST/Alloy 6 HANDWHEEL
|SHAFT LUBRICATOR
ANSI LEAKAGE CLASSIFICATION Class IV MOUNTING LOCATION
ISOLATION VALVE
SOLENOID VALVE
VALVE POSITION LIMIT SWITCH
Job No. Rev Date Initials
A [7/14/2015 DO

Data Sheet No.
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N HooD
CONTROL VALVE DATA SHEET
CLIENT: Vanguard BY: Dalas Obrigewitch
PROJECT REC skids DATE: July 14 2015
FABR. SPEC: APPROVED:
SERIAL No.: DATE:
..... . _ GENERAL oo COMMENTS
P & ID NUMBE( 10160-0301 Note 1: Va ve Model number: SF10V-C-75H-S83-X-4.6
TAG NUMBER BPCV-100 Comes with 24" expansion botte
SERVICE DESCRIPTION V-100 Sales back pressure
LINE: SIZE 4" SCHEDULE 600 ANSI
OPERATING CONDITIONS
PROCESS: FLUID Gas PHASE Gas
ENG. UNITS: FLOW mmscf/d PRESSURE PSIG
FLOW: MIN 3 NORM MAX 20
INLET PRESSURE: MIN 300 NORM MAX 1440
OUTLET PRESSURE:  MIN NORM 600 MAX
TEMPERATURE °C: MIN 20 NORM 26 MAX 50
SG (L!QUID) OR MOL WT (GA§)—
VISCOSITY 012805 cP COMPRESSIBILITY
PRESSURE: VAPOUR CRITICAL
SPECIFIC: HEAT RATIO VOLUME
PRESSURE DROP: SIZING SHUTOFF
ALLOWABLE (dB) CALCULATED (dB ACTUATOR =
VALVE C, CALCULATED ACTUAL MANUFACTURER na
VALVE MODEL NUMBER
R A BODY . R TYPE SIZE
MANUFACTURER  SurFo MODEL NUMBEF note 1 SIGNAL RANGE
SIZE 4" TYPE SF10V AIR SUPPLY
END CONNECTIONS 4 ANSI RATING 600# RF FAILURE POSITION
MATERIAL PACKING
BONNETTYPE POSITIONER
TRIM MANUFACTURER na
|PLUG Cage and B adder TYPE MODEL NUMBER
CHARACTERISTIC  equal ® INPUT SIGNAL
FNUMBER OF PORTS 1 PORT SIZE OUTPUT SIGNAL
GUIDING TYPE GAUGES BYPASS
pe— N " OPTIONS & ACCESSORIES
SEAT AIR SET
|PLUG HANDWHEEL
SHAFT LUBRICATOR
ANS| LEAKAGE CLASSIFICATION MOUNTING LOCATION  mounting kit part# SF10V-6.6CK
ISOLATION VALVE
SOLENOID VALVE
VALVE POSITION LIMIT SWITCH

Job No.

Data Sheet No.

Rev Date
A [7/14/2015

Initials
DO




[CEIENT/FROJECTNUMBER ] S DATA SHEET.NUMBER==JREVNG
7

KLEINFELDER

Bright Peoplv. Riyhe Solutiors.

[ X|DIRECT READING “| |20-100 kPa RECEIVER : [x|SCREWED [ |HINGED [ |SLIP

[X] WEATHER PROGF IP €6 / NEMA 4X

[ ] | JOTHER 2:5*

[ |OTHER

[x]PROCESS [ |SURFACE [ |FLUSH
| JOTHER

IS R I ST N [

[ x]BOTTOM [ |BACK

£ %Span 2.5 OF FULLSCALE

[x]BOURDON [ |BELLOWS [ |DIAPHRAGH
[ |OTHER

ELEMENT 316L
BLOW-OUT [x]VENT [ [BACK "= [ |DISC
WETTED PARTS 316L PROTECTION:
| |SOLID FRONT BISC
CASE 3160
[ JOTHER
LENS Polycarbonate
RUPTURE PRESSURE:
MOVEMENT 3161
MAX TEMP.:  PROCESS
AMBIENT

LIQUID FILLED: [x]¥Es" [[]NO OPTIONS:
[X] ZERO ADJUSTMENT
LIQUID (1) Glycerine
S WHITE DIAL WITH BLACK PRINTINGS
LIQUID (2)
[ |VALVE MANIFOLD TYPE

[ PI700 | | 010 160Psig 100 Psig
Pl-vm B R I T
———————— . ——

PRESSURE




CLIENT/PROJECT/PROJECT Q. | ATA SHEET NO. REV,
/f\
KLEINFELDER y\ Vanguard A
N HooD
REV DATE DESCRIPTION Y
ISPECIFICATION / DATA SHEET FOR: A 7/14/2015 IFR DO
PRESSURE REGULATORS
GENERAL TAG NUMBER PRV-700
FUNCTION Fuel gas 1st cut
SERVICE MEDIA Natural gas
MANUFACTURER/MODEL Fisher 630H
INLET/QUTLET CONNECTIONS 1" NPT
BODY Cv
VALVE STEM Brass
STEM GUIDE Zinc plated steel
BODY MATERIAL Cast Iron
SPRING CASE MATERIAL Cast Iron
DIAPHRAGM Neoprene
SEAT MATERIALS: orifice/ valve disk Brass / PTFE
ACTUATOR/ |TYPE Integral
PILOT REGULATOR SPRING MATERIAL Plated steel
SPRING RANGE SET POINT 275 to 500 psig 500 psig
ACCESS FILTER REGULATOR |SUPPLY GAUGE
HOUSING VENT INTERNAL RELIEF 1/4" NPT
INLET PRESSURE OUTLET PRESSURE 1500 psig 500 psig
MAXIMUM TEMPERATURE RANGE -18 to 149°C
RATINGS
FLUID Natural Gas
SERVICE OPER. FLOW RATE |MAX FLOW RATE tbd tbd
OPER. INLET PRESS. |[MAXINLET PRESS. 1424 psig 1440 psig
OPER. TEMPERATUREMAX TEMPERATURE 20 °C 50 °C
OPERATING DIFFERENTIAL PRESSURE 924 psig
AMBIENT TEMPERATURE (DESIGN) 20°C
MINIMUM Cv [MAXIMUM Cv tbd [ ] tbd
o UNITS = NOTES:
PRESSURE Psig
[TEMPERATURE | Deg.C
{FLOW Sma/hr
I




CLIENT/PROJECT/PROJECT O. | ATA SHEET NO. REV,
KLEINFELDER I—' Vanguard A
N—— HOOD
REV DATE DESCRIPTION Y
[SPECIFICATION DATA SHEET FOR: A 7/14/2015 IFR DO
PRESSURE REGULATORS
GENERAL TAG NUMBER PRV-700A
FUNCTION Fuel gas final cut
SERVICE MEDIA Natural gas
MANUFACTURER/MODEL Fisher 627
INLET/OUTLET CONNECTIONS 1" NPT
Orifice 1/8"
BODY Cv tbd
VALVE STEM Aluminum
STEM GUIDE Aluminum
BODY MATERIAL WCC Steel
SPRING CASE MATERIAL WCC Steel
DIAPHRAGM Nitrile
SEAT MATERIALS: arifice/ valve disk Aluminum / Nylon (PA)
ACTUATOR/ |TYPE Integral
PILOT REGULATOR SPRING MATERIAL Plated steel
SPRING RANGE SET POINT 15 to 40 psig 20 psig
ACCESS FILTER REGULATOR {SUPPLY GAUGE
HOUSING VENT INTERNAL RELIEF 3/4" NPT
INLET PRESSURE OUTLET PRESSURE 1800 psig 125 psig
MAXIMUM TEMPERATURE RANGE -40 to 82°C
RATINGS
FLUID Natural Gas
SERVICE OPER. FLOW RATE |MAX FLOW RATE tbd tbd
OPER. INLET PRESS. |MAXINLET PRESS. 500 psig 1440 psig
OPER. TEMPERATUREMAX TEMPERATURE 20 °C 50 °C
OPERATING DIFFERENTIAL PRESSURE 480 psig
AMBIENT TEMPERATURE (DESIGN) 20°C
MINIMUM Cv lMAXIMUM Cv tbd ]_I tbd
) UNITS NOTES:
PRESSURE Psig
[TEMPERATURE | Deg.C
fIFLOw Sm3/hr
I




CLIENT/PROJECT/PROJECT O. | ATA SHEET NO. REV,
AN
KLEINFELDER /-.".-\ Vanguard A
\_/_/qukoak Right Solutions Hoop
REV DATE DESCRIPTION Y
ISPECIFICATION / DATA SHEET FOR: A 7/14/2015 IFR DO
PRESSURE REGULATORS
GENERAL |TAG NUMBER PRV-701
FUNCTION Flare gas 1st cut
SERVICE MEDIA Natural gas
MANUFACTURER/MODEL Fisher 630H
INLET/OUTLET CONNECTIONS 2" NPT
BODY Cv
VALVE STEM Brass
STEM GUIDE Zinc plated steel
BODY MATERIAL Cast Iron
SPRING CASE MATERIAL Cast Iron
DIAPHRAGM Neoprene
SEAT MATERIALS: orifice/ valve disk Brass / PTFE
ACTUATOR/ [TYPE Integral
PILOT REGULATOR SPRING MATERIAL Plated steel
SPRING RANGE SET POINT 150 to 200 psig 200 psig
ACCESS FILTER REGULATOR |SUPPLY GAUGE
HOUSING VENT INTERNAL RELIEF 1/4" NPT
INLET PRESSURE OUTLET PRESSURE 1500 psig 500 psig
MAXIMUM  |TEMPERATURE RANGE -18 to 149°C
RATINGS
FLUID Natural Gas
SERVICE OPER. FLOW RATE  |[MAX FLOW RATE tbd tbd
OPER. INLET PRESS. |MAX INLET PRESS. 1424 psig 1440 psig
OPER. TEMPERATURHMAX TEMPERATURE 20°C 50 °C
OPERATING DIFFERENTIAL PRESSURE 924 psig
AMBIENT TEMPERATURE (DESIGN) 20 °C
MINIMUM Cv [MAXIMUM Cv thd [ | tbd
UNITS NOTES:
PRESSURE Psig
ITEMPERATURE | Deg.C
[FLOW Sm3/hr
I




CLIENT/PROJECT/PROJECT O. | ATA SHEET NO. REV,
KLEINFELDER P Vanguard A
Bright Propie. Right Salutions.
S~ HOOD
REV DATE DESCRIPTION Y
ISPECIEICATION / DATA SHEET FOR: A 7/14/2015 IFR DO
PRESSURE REGULATORS
GENERAL TAG NUMBER PRV-1001
FUNCTION LC-1001 supply
SERVICE MEDIA Instrument Air
MANUFACTURER/MODEL Fisher 67 cfr
INLET/OUTLET CONNECTIONS 1/4" NPT
BODY Cv
VALVE STEM Brass Stem
STEM GUIDE Polyester resin
BODY MATERIAL Aluminum
SPRING CASE MATERIAL Aluminum
DIAPHRAGM Nitrile
SEAT MATERIALS.: orificef valve disk Polyester resin / nitrile
ACTUATOR/ |TYPE Integral
PILOT REGULATOR SPRING MATERIAL Plated steel
SPRING RANGE SET POINT 0 to 35 psig 35 psig
ACCESS FILTER REGULATOR [SUPPLY GAUGE yes required
HOUSING VENT INTERNAL RELIEF weephole yes
INLET PRESSURE OUTLET PRESSURE 250 psig 50 psig
MAXIMUM TEMPERATURE RANGE -°C
RATINGS
FLUID Natural Gas
SERVICE OPER. FLOW RATE [MAX FLOW RATE tbd tbd
OPER. INLET PRESS. |MAX INLET PRESS. 100 psig 140 psig
OPER. TEMPERATUREMAX TEMPERATURE 20°C 30°C
OPERATING DIFFERENTIAL PRESSURE 65 psig
AMBIENT TEMPERATURE (DESIGN) 20 °C
MINIMUM Cv |MAXIMUM Cv tbd |_| tbd
UNITS NOTES:
PRESSURE Psig
|[TEMPERATURE | Deg.C
{FLOwW Sm3/hr
[




CLIENT/PROJECT/PROJECT O. | ATA SHEET NO. REV,
//\
KLEINFELDER l‘l Vanguard A
Bright Peopte. Right Solutions.
e HOOD
REV DATE DESCRIPTION Y
[SPECIFICATION / DATA SHEET FOR: A 7/14/2015 IFR DO
PRESSURE REGULATORS
GENERAL |TAG NUMBER PRV-1002
FUNCTION LC-1002 supply
SERVICE MEDIA Instrument Air
MANUFACTURER/MODEL Fisher 67 cfr
INLET/QUTLET CONNECTIONS 1/4" NPT
BODY Cv
VALVE STEM Brass Stem
STEM GUIDE Polyester resin
BODY MATERIAL Aluminum
SPRING CASE MATERIAL Aluminum
DIAPHRAGM Nitrile
SEAT MATERIALS: orifice/ valve disk Polyester resin / nitrile
ACTUATOR/ |[TYPE Integral
PILOT REGULATOR SPRING MATERIAL Plated steel
SPRING RANGE SET POINT 0 to 35 psig 35 psig
ACCESS FILTER REGULATOR |SUPPLY GAUGE yes required
HOUSING VENT INTERNAL RELIEF weephole yes
INLET PRESSURE OUTLET PRESSURE 250 psig 50 psig
MAXIMUM TEMPERATURE RANGE -°C
RATINGS
FLUID Natural Gas
SERVICE OPER. FLOW RATE |[MAX FLOW RATE tbd thd
OPER. INLET PRESS. |MAX INLET PRESS. 100 psig 140 psig
OPER. TEMPERATURHMAX TEMPERATURE 20 °C 30°C
OPERATING DIFFERENTIAL PRESSURE 65 psig
AMBIENT TEMPERATURE (DESIGN) 20 °C
MINIMUM Cv |MAXIMUM Cv tbd |_| tbd
L UNITS = NOTES:
PRESSURE Psig
ITEMPERATURE | Deg.C
lIFLow Sm3/hr
(




A

KLEINFELDER PRESSURE SWITCHES
Beight Poople. Right Salutions
e HOoOOD
CLIENT: REVISIONS SHT# 1
Vanguard NO | BY DATE DESCRIPTION |Doc# 47-DS-101
A DO 7/13/15 IFR CP#
Req#
PROJECT: PO#
REC Skids App'd by:
| Chkd by:
GENERAL SWITCH
1. Type Press: Static 12. Type: Pnuematic
13. Quantity: 1
2. Vendor/ Manufacturer: CVSICVS 14: Port size:  1/4" npt
15. Setpoint: 1440 psig rising
3. Model Number: CVS series 2000 pressure pilot 16. Calibration range:
ELEMENT 17. Rating: Amps Volts Hz
4. Type-Diaphragm/bourdon/bellows: Diaphragm / red spring Other: 60 to 150 psig
5. Material: c1018 18. Load - Inductive: Non-Inductive:
16. Connection size: 2" npt 19. Enclosure - General Purpose:
7. Orientation: Vertical Weather proof: None:
8. Pressure rating: 3500 psig MAWP Explosion Proof: Class:
9. Pressure range: 55 to1830 psig 20. Conduit Conn-Mfr. Std: Other:
10. Deadband: 75 to 185 psig 21. Temperature Limits: Process: -46 to 200 deg C
11. Calibration adjustment: 735 to 1830 psi Ambient: -46 to 100 deg C
Instrument Proof Instrument Inst. P&ID Temperature Pressure
Tag No. Press. Adj. Range |Set Point No. Norm.| Max. | Norm. | Max. Service Notes
(kPag) (kPag) (kPag) [of C (kPag) |(kPag)
PSHH-100 24131 12617 9928 0301 80 9652 V-100 hihi pressure

INOTES:




o B

= wooo TEMPERATURE GUAGE DATA SHEET
(Bi-metal and glass thermometer)
CLIENT: Vanguard BY: DO
PROJECT REC skids DATE 0711312015
FABR. SPEC APPROVED:
SERIAL No DATE
1 STEM THREADEDII' pran]__ ] union[ | 10 THERMOWELL: NONE[ x | INCLUDED[:] BY OTHERSD
MATERIAL 304 5§ 11 MATERIAL  304ss[ | atess[ ]
2 STEM OR UN ON THREAD: mN[x] aan_] 12 CONSTRUCTION tarereo[ | stRaieHT |
3 STEM DIAMETER sto[__] som[x] arsw[_] steprep[__|
4. CASE MATERIAL sto[ x| omHER 13. DIVENSIONS: ROOT 0.D.
5.DIAL SIZE 3" COLOR White Note: Thermowell will be client option BORE SIZE
- - and vendor specified
6. SCALE LENGTH  -100 to 150 F COLOR Black TIP THICKNESS
7.FORM: Fig. 1 apwusTABLE[ ] TIPO.D.
8. EXTERNAL CALIBRATOR [ ] Herm seaeDcase[ X ] 14. PROCESS CONNECTION:
9. MFR. & MODEL No. WIKA (Trend Instruments Model T1.33 15. INTERNAL THREAD:
STEM
LENGTH I ‘
o I [: 138 LEFT RIGHT
=[ FIG. 1 FiG. 2 s, 3 Ag, -5 FIG, 6-7 FIG. 8-
B2 BOTTOM BACK FORM STRAIGHT 135° RIGH‘I’—LEFT
= FORM (ANGLE)
3 (STRAIGHT)
Rav TAG No. Temperature Operating Bi-metal Stem Thermowell Overall Thermowell Service PaID
Ranga Temperatura Length Length Insertion Length
A TI-1008 -100 to 150F/C 80F 25" optional optional Gas to pipeline 10160-0301
Job No. Rev Date Initials
IFR-A 07/13/15 DO

Data Sheet No.  TI-1006




VamN
KLEINFELDER
\\j t , Right Solutions.

METER DATA SHEET

CLIENT: Vanguard
PROJECT REC skids
FABR. SPEC:
SERIAL No.:

BY: Dallas Obngewitch

DATE: July 14 2015

APPROVED:

DATE:

GENERAL.

COMMENTS

P & ID NUMBER 10160-0301
TAG NUMBER FE-1008
SERVICE DESCRIPTION

Sales Gas

Sales SIZE 4" SCHEDULE

600# ansi

LINE

_ OPERATING CONDITIONS

PROCESS: FLUID Nat gas PHASE Gas

ENG. UNITS: FLOW mmsciid PRESSURE PSIG

FLOW: MIN 3 NORM MAX

20

INLET PRESSURE: MIN 300 NORM MAX

QUTLET PRESSURE: MIN NORM _ 600 MAX

TEMPERATURE °C: MIN 20 NORM 26 MAX

50

SG (LIQUID) OR MOL WT (GAS)

VISCOSITY 0.012806 COMPRESS B LITY

PRESSURE: VAPOUR CRITICAL

SPECIFIC: HEAT RATIO
PRESSURE DROP: ALLOWABLE

VOLUME

SCELLANEOUS

METER

IMETER TYPE

ORIFICE (JR)
ORIFICE (SR)
VORTEX
PITOT

x PD
TURBINE
VENTURI
ULTRASONIC

MASS
MAGMETER
ROTAMETER

O
O
]
O OTHER

CUSTODY TRANSFER no

INSTALLATION

PRESSURE/TEMPERATURE COMPENSATION yes

REQUIRED ACCURACY

PIPE ID/OD

IMANUFACTURER
SIZE TBD

END CONNECTIONS
BODY MATERIAL

MODEL NUMBER

4" ANSI RATING  600#

BETA RATIO

ATTITUDE

INDOOR/OUTDOOR
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KLEINFELDER
N T HOOD
CLIENT: Vanguard BY: Dallas Obrigewitch
PROJECT REC skids DATE: July 14 2015
FABR. SPEC: APPROVED:
SERIAL No.: DATE:
i GENERAL COMMENTS
P & 1D NUMBER 10160-0301 Will require Floboss 103 with donge, PDA a d app cable
TAG NUMBER FR-1006/TR 1006 PR-1006 software. (walk up system)
SERVICE DESCRIPTION Sales gas meter Dongle, pda and software allow for easy entry of orif e
plate size, gas composition, starting and stopp ng of flow
LINE Sales SIZE 4" SCHEDULE 600# Ansi runs, and extraction of flow run data (date stamped for
gm0 X ERAT'NG C‘ONDITIO_NS‘ reporting), and location.
PROCESS: FLUID Gas PHASE Gas
ENG. UNITS: FLOW mmscfid PRESSURE PSIG This will be a multi-variable transm tter measur ng DP, static
FLOW: MIN 3 NORM MAX 20 Press, and temperature.
INLET PRESSURE: MIN 300 NORM MAX 1440 (FR-1006 PR-1006/TR-1006)
OUTLET PRESSURE:  MIN NORM 600 MAX
TEMPERATURE °C: MIN 20 NORM 26 MAX 50 Vendor may specify FB107 better suited for application
SG (LIQUID) OR MOL WT (GAS)
VISCOSITY 0.012805 COMPRESSIBILITY
PRESSURE: VAPOUR CRITICAL
SPECIFIC: HEAT RATIO VOLUME
PRESSURE DROP: ALLOWABLE
SCELLANEOUS
METER
TRANSMITTER TYPE Mulit-variable Flow tranmsitter (EFM) Require Platinum 100 RTD for temperature e ement
CAPACITANCE yes STRAIN GAUGE DIAPHRAGM Battery powered unit with solar panel.
‘Temperature element integral’ No Type:
Required: Yes Type. Platinum 100 RTD
Body Material: SST Element Materia* 316L SST FilFlud DC200
|Body Rating: Overrange: INSTALLATION
Instrument Conn: /4" npt Process Connections. 1i4"npt  Other: Enclosure rating Class 1 Div 2
Differential Static Temperature Conduit connection 1/2" npt
Units: "H20 Kpag °C Display Required
Range: 0/1000 0/25000  -40 to 150 Power Supply 12 Vdc battery and solar required
Calibrated Range: Indoor/Qutdoor Qutdoor
Ambient temp range: -40 to 75°C Process temp range:  -40 to 100°C Mounting: Pipe bracket required
Accuracy: +0.10% of span Area Classification: Class 1 Div 2
Vendor: Spartan Manufacturer: Emerson
|vocei ne: FBto3 __ OPTIONS & ACCESSORIES
SPECIAL CONSIDE TIONS Platuinum 100 RTd.
Custody Transfer No MARP No |PDA and software
Accuracy Required + 0.25% of span Soalr panel
Communcations (HART): § valve manifold.
Job No Rev Date Initials
A |7/14/2015 DO

Data Sheet No.
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SWITCH

KLEINFELDER = LEVEL INSTRUMENT
HOOD
CLIENT: Vanguard REVISIONS SHT#__1
NO BY DATE DESCRIPTION |Doci#
A DO |7/13/15 IFR Contract#
Req #
PROJECT: REC skids PO #
App'd by:
Chk'd by:
1|Tag Number (s) LSHH-800
2|Service Flare stack Hi level
GENERAL 3|Line No./Vessel FL-800/801
4]Application Liquid level
5|Function Hi shutdown
6|Fail Safe vent
7|Probe Tag No.
8|Type float
9]Orientation horizontal
# [Material 316 SST
# [Sheath
12]|Process Conn. Size and Rating 2" npt
PROBE 13|Length - Overall std
- Inactive Upper Section
- Active Lower Section
14|Probe Diameter std
15)Conduit Connection n/a
16|Enclosure Class
17|Type Pneumatic
18|Rating: MAWP 10342 Kpa
19|Temperature -40 degF to 450 deg F
20|Specific Gravity 0.5 minimum
21|Materials 316 SST

TRANSMITTER/ 22|Flow rate

20 SCFH @ 30 psi

23|Time Delay Set @

24|0Output

non-bleed, snap acting

25|Transmitter Range or Switch Trip Point

26 |Power supply

27|Conduit Connection

28|Signal Output Barrier

29|Enclosure Class

OPTIONS

30

31]Local Indicator

32|Transmitter Mounting Bracket

33|Cable (Probe to Transmitter)

SERVICE

Engineering Uni
Press. = kPag
Temp.=C

34|Seal Housing Process Conn.

2" npt

35(Seal Housing Assy Material

36|Seal Housing Bleed Valve

37|Process Isolation Valve

ts 38|Notes

39|Upper Fluid

oil

40|Lower Fluid

water

41 |Upper Fluid Dielectric Constant

42|Lower Fluid Dielectric Constant

43! Fluid Viscosity (cp)

44| Material Buildup

no

45|Press.  Max. Norm.

(Kpag )

1378 Kpa/ 10 Kpa

46|Temp.  Max. Norm.

(%)

27127

47 [Manufacturer / Vendor

LINC / Zimco

48{Probe Model No.

49{Switch Model No

L282-11-32

INotes:
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HOOD
CONTROL VALVE DATA SHEET
CLIENT* Vanguard BY: Dal as Obrigewitch
PROJECT REC skids DATE: Juy 14 2015
FABR. SPEC: APPROVED:
SERIAL No * DATE:
e o _ GENERAL v COMMENTS N
P & 1D NUMBER 10160-0300 note: Initial downstream prassure will be 0 pisg,
TAG NUMBER ESDV-100 creating large differential potential.
SERVICE DESCRIPTION Inlet ESD valve Pneumatic switching valve required.
LINE: SIZE 3" SCHEDULE  API 10000
..................... OPERATINGCONDIFIONS
PROCESS FLUID  Frac PHASE Liquid
ENG. UNITS: FLOW m3/hr PRESSURE kpag
FLOW: MIN 15 NORM MAX 50
INLET PRESSURE: MIN 20684 NORM 24821 MAX 68947
OUTLET PRESSURE: MIN 20684 NORM 24821 MAX 68947
TEMPERATURE °C: MIN 5 NORM 20 MAX 50
SG (LIQUID) OR MOL WT (GAS)
VISCOSITY COMPRESSIBILITY
PRESSURE: VAPOUR CRITICAL
SPECIFIC: HEAT RATIO VOLUME
PRESSURE DROP: SIZING SHUTOFF
ALLOWABLE (dB) CALCULATED (dB) _ ACTUATO
VALVE C, CALCULATED ACTUAL MANUFACTURER
VALVE MODEL NUMBER ESDV actuation system
BODY TYPE SIZE
IMANUFACTURER Streamflow MODEL NUMBER SSV SIGNAL RANGE
SIZE TYPE AIR SUPPLY
END CONNECTIONS 3" NPT ANSI RATING FAILURE POSITION
MATERIAL PACKING
BONNETTYPE POSITIONER =~~~
TRIM MANUFACTURER
PLUG TYPE MODEL NUMBER
CHARACTERISTIC INPUT SIGNAL
INUMBER OF PORTS PORT SIZE OUTPUT SIGNAL
GUIDING TYPE GAUGES BYPASS
IMATERIAL OPTIONS & ACCESSORIES
SEAT AIR SET
JPLUG HANDWHEEL
SHAFT LUBRICATOR
ANS| LEAKAGE CLASSIFICATION MOUNTING LOCATION
ISOLATION VALVE
SOLENOID VALVE Pneumatic switching valve
VALVE POSITION LIMIT SWITCH
Job No. Rev Date Initials
A |7/14/15 DO

Data Sheet No.
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