
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-5108-6328-6 

93rd International School of 
Hydrocarbon Measurements 
(ISHM 2018) 

Oklahoma City, Oklahoma, USA 
15 – 17 May 2018 

Volume 1 of 2 

 

 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© (2018) by International School of Hydrocarbon Measurement (ISHM) 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2018) 
  
For permission requests, please contact International School of Hydrocarbon Measurement (ISHM) 
at the address below. 
  
International School of Hydrocarbon Measurement (ISHM) 
c/o Leon Crowley 
1700 Asp Avenue 
Norman, Oklahoma 73072-6400 
USA 
 
 
Phone:  (405) 831-8609 
 
 
lcrowly@ou.edu 
 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2633 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



Index of Published Papers 
 

These proceedings are printed directly from manuscripts provided by the authors. These papers express the findings and opinions 
of the authors and do not necessarily represent the findings and opinions of the International School of Hydrocarbon Measurement 
(ISHM). The inclusion of a manuscript does not imply endorsement or acceptance of a product therein. Furthermore, the material 
contained in this publication is for the exclusive use of ISHM. Any reuse of this information outside the School without the expressed 
written consent of ISHM is strictly prohibited. 

1000 Gas Measurement 
1010 Basics of High Pressure Measuring and Regulating Station Design ....................................... 3 

Jim Witte, Southwest Research Institute 
1040 Compressibility of Natural Gas .................................................................................................. 11 

Jeffery Savidge, STCS LLC 
1050 Coping with Changing Flow Requirements at Existing Meter Stations ................................. 31 

Ronald Sisk, Atmos Energy 
1060 Design of Distribution Metering and Regulating Stations ....................................................... 34 

Eddy Collins, ONE Gas Inc 
1070 Determination of Leakage and Unaccounted for Gas .............................................................. 40 

Allison Bentley, Devon Energy 
1090 Effects and Control of Pulsation in Gas Measurement ............................................................ 46 

Ed Bowles, SWRI 
1100 Effects of Abnormal Conditions on Accuracy of Orifice Measurement ................................. 65 

Dean Graves, Devon- Retired 
1140 Fundamentals of Gas Measurement I ........................................................................................ 72 

Douglas Dodds, Enbridge 
1150 Fundamentals of Gas Measurement II ....................................................................................... 78 

Jerry Paul Smith, JPS Meas Consults 
1160 Fundamentals of Gas Measurement III ...................................................................................... 83 

Joe J Bauer, Endbridge; Douglas Dodds, Enbridge 
1170 Fundamentals of Gas Turbine Meters ........................................................................................ 90 

John Lansing, Lansing Merasuement Services; Paul Honchar, Sensus 
1190 Installation and Operation Errors in Gas Measurement .......................................................... 99 

Ed B Bowles, Jr., Southwest Research Institute; Jim N Witte, Southwest Research 
Institute 

1195 Low Pressure Gas Measurement ............................................................................................. 118 
Phil Lawrence, Enable Midstream 

1200 Mass Meters for Gas Measurement .......................................................................................... 132 
Marc Buttler, Emerson - Micro Motion 

1210 Measurement Station Inspection Documentation Program and Guide ................................ 141 
Joe Sena, WPX Energy 

1250 Orifice Fittings and Meter Tubes .............................................................................................. 148 
Steve Ecklund, Canalta Flow Measurement 

lvii



1270 Orifice Meters - Operation and Maintenance .......................................................................... 156 
Clay Mol, Thurmond-McGlothlin, LLC 

1310 Thermometry in Gas Measurement .......................................................................................... 160 
Jorge Delgado, Consultant 

1320 Wet Gas Measurement............................................................................................................... 168 
Richard Steven, Independent 

1330 Flow Conditioning for Fluid Flow Measurement ..................................................................... 180 
Blaine Sawchuk, CPA 

1355 Measurement and Regulation Operation of a LDC ................................................................. 199 
Philip A Lawrence, Enable Midstream MLP Oklahoma 

1380 New Differential Meters in Natural Gas .................................................................................... 211 
Philip Lawrence, Enable Midstream Partners 

1390 Effects of Atmospheric Pressure on Gas Measurement ........................................................ 226 
Jane Williams, Oil and Gas Training Corporation 

1400 Gas Ultrasonic Diagnostics ...................................................................................................... 228 
Martin Schlebach, Emerson Automation Solutions, Daniel 

1430 Thermal Mass Flow Meters for Greenhouse Gas Measurement ........................................... 237 
Tom Kemme, Magnetrol 

1440 Meter Factor Transferability for Coriolis Mass Flow Meters ................................................. 243 
Michael Keilty, Endress + Hauser Flowtec AG 

2000 Liquid Measurement 
2010 Application of Densitometers to Liquid Measurement .......................................................... 259 

Dean Minehart, Emerson Automation Solutions 
2020 Application of Turbine Meters in Liquid Measurement .......................................................... 264 

Dan Zoller, TechnipFMC 
2030 Automated Truck Loading Systems ......................................................................................... 275 

Efrain Ojeda, Toptech Systems Inc. 
2050 Calculation of Liquid Petroleum Quantities ............................................................................ 285 

Peter W Kosewicz, Hydrocarbon Measurement Consultants, Inc. 
2080 Crude Oil Gathering by Truck - Measurement Alternatives .................................................. 295 

John W. Brackett, W. L. Walker Co., Inc. 
2090 Design, Operation and Maintenance of LACT Units ............................................................... 299 

Bob Petty, SCS Technologies 
2110     Fundamentals of Gas Turbine Meters........... .......................................................................... 306 

Paul Honchar
2130 Effects of Petroleum Properties on Pipeline Measurement ................................................... 315 

Joshua Hendon, TechnipFMC; Jim H Smith, TechnipFMC 
2140 Measurement of Dense Phase Fluids ...................................................................................... 325 

Fred G Van Orsdol, Van Orsdol Consulting, LLC 

lviii



2150 Evaporation Loss Measurement from Storage Tanks ............................................................ 328 
George L Morovich, Tank and Environmental Technologies, Inc. 

2160 Fundamentals of Liquid Measurement I - Physical Properties ............................................. 336 
David Beitel, Davis & Davis 

2170 Fundamentals of Liquid Measurement II - Static .................................................................... 345 
Martin Dudley, Watco Companies, LLC; Anne Walker - Brackett, W. L. Walker Co. 

2180 Fundamentals of Liquid Measurement III - Dynamic .............................................................. 352 
Peter W Kosewicz, Hydrocarbon Measurement Consultants, Inc. 

2190 Fundamentals of Liquid Turbine Meters .................................................................................. 362 
Jason Strawn, Emerson 

2200 Gauging, Testing and Running of Lease Tanks ..................................................................... 366 
Anne Walker Brackett, W. L. Walker Co., Inc. 

2202 Helical Turbine Meters for Liquid Measurement ..................................................................... 370 
Dan Zoller, TechnipFMC 

2205 Installation and Operation of Densitometers .......................................................................... 377 
Paul Mullen, BHP Billiton 

2220 Liquid Measurement Field Surveys .......................................................................................... 379 
Chris Levy, Chevron 

2230 Liquid Measurement Station Design ........................................................................................ 385 
Todd Meador, Emerson 

2250 Mass Measurement of Natural Gas Liquid Mixtures .............................................................. 390 
Eric Estrada, Targa Resources 

2270 Measurement Accuracy and Sources of Error in Tank Gauging .......................................... 394 
DAN COMSTOCK, THE UNIVERSITY OF TEXAS (PETEX) 

2280 Shrinkage Losses Resulting from Liquid Hydrocarbon Mixing ............................................ 399 
Brett Cameron, Gibson Energy 

2285 Measurement of Cryogenic LNG .............................................................................................. 406 
Alastair MacLachlan, Cameron 

2290 Measurement Methods for Liquid Storage Tanks .................................................................. 420 
Daniel Baldwin, Emerson Automation Solutions 

2310 Measurement of Petroleum on board Marine Vessels ........................................................... 430 
Juri Koern, Shell Downstream Manufacturing 

2330 Orifice Meters for Liquid Measurement ................................................................................... 435 
Steve Stark, Stark & Associates, Inc. 

2340 Pycnometer Installation, Operation and Calibration .............................................................. 442 
Corky Atchison, Atchison and Associates 

2350 Resolving Liquid Measurement Differences ........................................................................... 447 
Deanne Strothers, Devon Energy 

lix



2360 Statistical Control of Meter Factors - A Simplified Approach ............................................... 450 
Dan Comstock, The University of Texas (PETEX); Pete Jakubenas, Retired 
Engineer 

2380 Troubleshooting Liquid Pipeline Losses and Gain (Hour 1 of 2) .......................................... 458 
Joe Rasmussen, Colonial Pipeline; Michael Plasczyk, SHELL 

2410 Viscosity and its Application in Liquid Hydrocarbon Measurement .................................... 473 
Terry Cousins, Taskflo Ltd.; Richard Steven, Independent 

2420 Proving Liquid Meters with Microprocessor Based Pulse Outputs ..................................... 490 
Galen Cotton, Applied Metrology Services, LP 

2430 Operational Experience with Liquid Coriolis Meters .............................................................. 495 
Joseph Leland Crews, Emerson Automation Solutions 

2470 Volumetric Measurement of Liquefied Petroleum Gas .......................................................... 501 
Paul A. Mullen, BHP Billiton 

2500 LPG Terminal Operations and Measurement .......................................................................... 505 
Zaki Husain, Retired 

2510 Master meter prover certifications per API MPMS 4.9.3 ........................................................ 512 
Kevin Fields, Coastal Flow Liquid Measurement 

2520 Equipment and Techniques used in Real Time Component Volume Calculations for Natural 
Gas Liquid Measurement ................................................................................................ 518 
David Beitel, Davis & Davis 

2530 New Technologies in S&W Measurement................................................................................ 532 
Thomas Canty, J.M.Canty Inc 

2570 Using Control Charts to Predict Failures of Measurement Devices ..................................... 545 
Zaki Husain, N/A 

2580 Ultrasonic meters and Measurement Accuracy in Leak Detection ....................................... 554 
Tony Petitto, TechnipFMC – Measurement Solutions 

3000 Electronic Measurement and Related Equipment 
3020 Application of Flow Computers for Gas Measurement and Control .................................... 567 

Al Majek, Emerson Automation Solutions 
3050 Basic Applications for Flow Computers and Telemetry Systems ........................................ 575 

Denis Rutherford, Schneider Electric 
3060 Basic Electronics for the Field Technician.............................................................................. 581 

Johnathan DYE, ONEOK 
3070 SCADA Systems ......................................................................................................................... 586 

Nicholas Smith, Schneider Electric 
3115 Production Equipment Effects on Gas Measurement ............................................................ 592 

Stormy Phillips, BLM (Contract) 
3120 Identifying and Eliminating Effects of Induced Signals on Measurement System 

Electronics ........................................................................................................................ 602 
Peter P Jakubenas, Retired 

lx



3125 Ethernet for SCADA Systems ................................................................................................... 614 
Asim Farooq, Schneider Electric 

3150 Real-Time Electronic Gas Measurement ................................................................................. 620 
Colby Waldo, ABB 

3155 Spread Spectrum Radio Technology for Gas Measurement ................................................. 627 
Ben Hamilton, DB Data Services 

3160 Smart Transmitter Selection, Calibration and Installation ..................................................... 637 
Emily Saopraseuth, Emerson Automation Solutions 

3170 Testing, Maintenance and Operation of Electronic Flow Computers for the Gas Industry 645 
Nicholas Smith, Schneider Electric 

3180 Transient Lightning Protection for Electronic Measurement Devices ................................. 650 
Laura Gonzalez, Emerson - Remote Automation Solutions 

3200 Data Validation - Requirements of an EGM Editor ................................................................. 656 
Kandi Wilson, Williams 

3210 The Evolution of Data Collection for Gas Measurement ........................................................ 661 
Corey Bigelow, Gulfport Energy; Kyle Bates, Devon Energy 

3220 Manufactured Meter Pulses – An Explanation ........................................................................ 664 
Robert Fritz, Enable Midstream Partners 

3230 OPC Fundamentals .................................................................................................................... 668 
Stephen Sponseller, PTC; Tom Gaudet, Kepware Technologies 

3250 Wireless Economics 101 ........................................................................................................... 676 
Randall Messman, Schneider Electric 

3260 Recent Innovations in License Radio Technology for Gas Measurement ........................... 681 
Nick Smith, Schneider Electric 

3280 RF Fundamentals for IIoT .......................................................................................................... 690 
Brent McAdams, OleumTech Corporation 

4000 Calibration, Proving and Testing 
4020 Calibration of Liquid Provers .................................................................................................... 701 

Nathan Wilson, Meter Engineers Inc 
4050 Effective Use of Deadweight Tester ......................................................................................... 708 

Jeff Gartner, Ametek 
4055 Flow Calibrating Ultrasonic Gas Meters .................................................................................. 716 

Joel Clancy, CEESI Iowa 
4060 Guide to Troubleshooting Problems with Liquid Meters and Provers ................................. 727 

Daniel M Comstock, The University of Texas (PETEX); Jerry Upton, Measurement 
Man 

4070 In-Situ (On-Site) Gas Meter Proving ......................................................................................... 733 
Adam Hawley, Southwest Research Institute 

4080 LACT Unit Proving - The Role of the Witness ......................................................................... 750 
Bynum Vincent, Cameron, A Schlumberger Company 

lxi



4095 Liquid Meter Proving Techniques ............................................................................................ 756 
Jerry Upton, Measurement Man; Daniel M Comstock, The University of Texas 
(PETEX) 

4100 Operation and Problems Associated with Prover Detector Switches .................................. 764 
Nick Thurlby, Kinder Morgan 

4110 Operational Experience with Small Volume Provers ............................................................. 768 
Billy Burton, Coastal Flow Liquid Measurement 

4140 Theory and Application of Pulse Interpolation to Prover Systems ...................................... 772 
Dave Seiler, Emerson Automation Solutions 

4150 Verification / Calibration of Devices Used in Liquid Measurement ...................................... 779 
Anne Walker Brackett, W. L. Walker Co., Inc 

4160 Witnessing Orifice Meter Verification / Calibration ................................................................ 785 
Justin Richardson, WPX Energy 

4170 Improving Flow Measurements with Improved Calibration & Data Handling Procedures . 789 
Duane Harris, Flow-Cal 

4180 Proving Liquid Ultrasonic Meters ............................................................................................. 797 
Dave Seiler, Emerson Flow Systems & Solutions 

4190 Preparing a Prover for Waterdraw Calibration ........................................................................ 808 
Herb Garland, Retired from Marathon 

4200 The Uncertainty of a Waterdraw Calibration  vs. Gravimetric Calibration on Small Volume 
Provers .............................................................................................................................. 811 
James E. Gallagher, Savant Measurement Corporation 

4210 Roles and Responsibilities of Witnessing a Prover Calibration ........................................... 838 
Ken Lancy, Phillips 66 

4220 Methods for Certifying Measurement Equipment ................................................................... 841 
Jeff Gartner, Ametek 

4240 Turbine Meter Diagnostics ........................................................................................................ 851 
Nicholas Thurlby, Kinder Morgan Products Pipelines 

4250 Understanding Liquid Meter Provings and Proving Reports ................................................ 859 
Lance McCombs, Coastal Flow 

5000 Energy, Quality and Sampling 
5010 Auditing Gas Laboratories ........................................................................................................ 869 

Carl Alleman, SPL 
5020 BTU Analysis Using a Gas Chromatograph ............................................................................ 884 

Seth Nease, Anadarko 
5030 BTU Determination of Natural Gas Using a Portable Chromatograph ................................. 890 

Merle Bell, ABB 
5040 Chromatograph Applications and Problems from the User's Standpoint ........................... 897 

Daniel Tiller, Enlink 

lxii



5050 Chromatograph Maintenance and Troubleshooting .............................................................. 903 
Fred Ryel, Cherokee Measurement & Control 

5060 Chromatographic Analysis of Natural Gas Liquids ................................................................ 909 
Joe Landes, SPL 

5065 An Optical Hydrocarbon Analyzer for On-Line Hydrocarbon Gas Speciation and 
Measurement .................................................................................................................... 918 
Roberto Bosco, MKS Instruments 

5080 Crude Quality - What is Involved and Why Its Important ....................................................... 925 
Paul Furman, Crestwood 

5090 Determination of H2S and Total Sulfur in Natural Gas .......................................................... 929 
Jonathan Althaus, Delmar Scientific 

5100 Determination of Water Vapor Content in Natural Gas .......................................................... 933 
Sam Miller, SpectraSensors 

5115 Hydrocarbon Dew Point Effects on Gas Flow Measurement ................................................ 938 
Martin Schlebach, Emerson Automation Solutions, Daniel 

5120 DOT Requirements for the Transportation of Sample Containers ....................................... 947 
David J. Fish, Welker 

5130 Energy Measurement using Flow Computers and Chromatography ................................... 951 
Catrena Cutler, Alta Mesa Services, LP 

5140 Energy Measurement Using Ultrasonic Meters and Gas Chromatography ......................... 958 
Martin Schlebach, Daniel Measurement & Control 

5160 Field and Laboratory Testing of Sediment and Water in Crude Oil ...................................... 966 
Jane Williams, Oil & Gas Training 

5170 Fundamentals of Gas Chromatography .................................................................................. 971 
Gregg Meidl, Siemens; Ulrich Gokeler, Siemens 

5190 Water Vapor Effects on Natural Gas Quality and Natural Gas Measurement ...................... 980 
Jim N Witte, Southwest Research Institute 

5195 Laboratory Gas Analysis Validation Methods ........................................................................ 989 
Dave Curtis, Anadarko 

5235 On-line Water Measurement Devices in Liquid Service ......................................................... 996 
Craig McWhorter, Kam Controls 

5260 Sampling and Conditioning of Natural Gas Containing Entrained Liquids ......................... 999 
Donald Mayeaux, A+ Corporation, LLC; Vincent Argrave, A+ Corporation, LLC 

5265 Sample Conditioning & Contaminant Removal for Water Vapor Determination ............... 1008 
Brad Massey, Williams 

5280 Techniques of Gas Composite Sampling .............................................................................. 1015 
Matt Parrott, K2 Controls 

5290 Techniques of Gas Spot Sampling ......................................................................................... 1022 
David J. Fish, Welker 

lxiii



5310 Fundamentals of Sampling Natural Gas for BTU Determination ........................................ 1033 
Donald Mayeaux, A+ Corporation, LLC; Jason Dunigan, A+ Corporation 

5345 Considerations in Sampling Wet, High Pressure, or Supercritical Natural Gas ............... 1042 
Shannon Bromley, A+ Corporation; George Osborne, A+ Corporation, LLC 

5350 Flare Measurement Practices ................................................................................................. 1048 
Eric Estrada, Targa Resources 

5360 Principles of Multi-Dimensional Gas Chromatography ....................................................... 1062 
Gregg Meidl, Siemens Industry 

5370 Sampling Challenges Associated With Unconventional Gas Sources .............................. 1073 
Mark Firmin, A+ Corporation, LLC; Vincent Argrave, A+ Corporation, LLC 

5500 Challenges in Allocation Measurement Panel (Hour 1 of 2) ................................................ 1078 
Bill Theriot, SPL, Inc. 

5510 Introduction to Uncertainty in Measurement ........................................................................ 1089 
Sohrab Zarrabian, ZEGAZ 

5540 Determination of Trace Oxygen in Natural Gas .................................................................... 1095 
Sam Miller, SpectraSensors 

5550 Uncertainties within Centrifuge Methods and Mitigations .................................................. 1098 
Matthew Lovely, Zedi Solutions 

5590 Proper Handling & Maintenance of Natural Gas Calibration Cylinders ............................. 1101 
Richard Rayon, SPL, Inc. 

6000 Control and Regulation 
6010 Causes and Cures of Regulator Instability............................................................................ 1109 

Paul Anderson, Emerson Process Management 
6020 Controlling Surges in Liquid Pipelines .................................................................................. 1113 

Dave Seiler, Emerson Flow Systems & Solutions 

7000 Accounting, Calculations and Industry Standards 
7030 Auditing Electronic Gas Measurement per API Chapter 21.1.............................................. 1119 

Duane Harris, FlowCal 
7040 Auditing Gas Measurement and Accounting Systems ........................................................ 1127 

Debbie Thompson, WPX Energy 
7050 Auditing Liquid Measurement ................................................................................................ 1131 

Don Sextro, Targa Resources 
7110 Estimating Measurement Uncertainty for Gas Flow Meters ................................................ 1135 

Adam G Hawley, Southwest Research Institute 
7180 API MPMS Chapter 22.2 Testing Protocol for Differential Pressure Flow Measurement 

Devices ............................................................................................................................ 1147 
Philip Lawrence, Enable Midstream Partners 

7300 Overview of GPA 2172/API 14.5  Revision ............................................................................. 1153 
Don Sextro, Targa Resources 

lxiv



7320 Revision of AGA 9 Gas Ultrasonic Meter Standard .............................................................. 1159 
David Crandall, Cameron, A Schlumberger Company 

8000 Miscellaneous 
8040 DOT Qualification Training for Measurement and Control Technicians ............................ 1173 

David Wofford, Noble Midstream Partners 
8065 Interface Detection in Liquid Pipelines .................................................................................. 1178 

Craig McWhorter, Kam Controls 
8120 Odorization in Natural Gas ...................................................................................................... 1184 

Kris Kimmel, YZ Systems 
8140 Program for Training a Gas Measurement Technician ........................................................ 1196 

Carter Stokeld, Williams 
8160 The Effects of Additives on Metering in Liquid Pipelines .................................................... 1198 

Zaki Husain, Chevron-Retired 
8200 Gas Meter Selection ................................................................................................................. 1203 

Robert Fritz, Enable Midstream Partners 
8210 Cone Meters for Liquid and Gas Measurement .................................................................... 1212 

Philip Lawrence, Enable Midstream Partners 
8230 Measurement Policies and Procedures – Development and Implementation 

Considerations ............................................................................................................... 1223 
Bruce Wallace, Peak Al Solutions 

8240 Benefits around Timely Analysis of Measurement Data ...................................................... 1231 
Ryan McCarthy, Williams Company 

8260 Contributors to Historical Advances in Natural Gas Measurement ................................... 1238 
Bruce Wallace, Peak Al Solutions 

8280 Cyber Security .......................................................................................................................... 1243 
Asim Farooq, Schneider Electric 

8290 Understanding Hazardous Area Classifications ................................................................... 1247 
Irvin Schwartzenburg, SICK Oil and Gas 

8300 Measuring Natural Gas at Natural Gas Vehicle (NGV) Refueling Stations ......................... 1252 
Ed B Bowles, Jr., Southwest Research Institute 

8320 Measurement Economics ........................................................................................................ 1270 
David Wofford, Noble Midlstream Partners 

8330 Orifice Meter Tube Fabrication Shop Inspection Program .................................................. 1284 
Stormy Phillips, CEESI 

8340 Conventional Measurement in Unconventional Plays ......................................................... 1290 
Stephen C. Anson, Emerson Automation Solutions 

8350 Establishing a Development Program for Hydrocarbon Measurement Staff .................... 1293 
Richard L Britton, Chevron Pipe Line Company 

8360 Engineering Ethics ................................................................................................................... 1303 
Casey Hodges, SGS North America 

lxv




