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Advanced Diagnostics Indicators

* Most USMs provide additional (advanced) diagnostics

» Advanced diagnostics include:
» Profile Factor
* Symmetry
» Crossflow
* Turbulence
» Swirl Angle

» Advanced diagnostics permit a more detailed analysis of
process conditions

* Most meters today have advanced diagnostics

SALT LAKE CITY

* This presentation is primarily on 4 & 6-path USM diagnostics
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Profile Factor Definition

 Profile Factor (PF) is a summary of the path ratios
+ Definition is defined as (Path 2 + 3) / (Path 1 + 4)

» Since Path Ratios for 2 & 3 are larger than Paths 1 & 4 for a
4-path Chordal meter, the Profile Factor greater than 1.00

+ Typical profile factor for a 4 or 6 path Chordal meter is between
1.11 and 1.18 (depends upon the manufacturer)

+ PF is a simple method for identifying changes in the profile

* PF is generally stable from 3-5 fps up to meter capacity
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Path Ratios — 4-Path Meter — Profile Factor

Straight - CPA - Flowing Velocity Ratios at 75.8 ft/s
Profile Factor: 1.116
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[ Profile Factor = (Path 2 + Path 3)/(Path 1 + Path 4) |
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Distorted Profile from Elbows and Tee
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Path Ratios — 4-Path Meter — Normal Profile
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Straight - CPA - Flowing Velocity Ratios at 75.8 ft/s
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Path Ratios with CPA, Elbows & Tees

Elbows - Tees - CPA - Flowing Velocity Ratios at 75.7 ft/s
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Symmetry Definition

* Symmetry is a summary of the path ratios similar to Profile
Factor

+ Definition is defined as (Path 1 + 2) / (Path 3 + 4)

« If the velocity profile is symmetrical from top to bottom on a
Chordal meter, the Symmetry value should be 1.00

+ Distorted profiles will cause the Symmetry value to either be
above or below 1.00, depending upon the distortion

» This additional diagnostic parameter helps verify consistent
profile

* It is possible to have a correct Profile Factor, but have a distorted
profile — Symmetry provides a second check
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Path Ratios — 4-Path Meter - Symmetry

SALT LAKE CITY
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Straight - CPA - Flowing Velocity Ratios at 75.8 ft/s
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[ Symmetry = (Path 1 + Path 2)/(Path 3 + Path 4) |

John Lansing [ WGMSC, May 1, 2024 ‘ Advanced Gas USM Diagnostics
9
.. A
40% Blocked CPA Flow Conditioner WEMSC
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Path Ratios, 12-inch CPA, No Blockage

SALT LAKE CITY
——re2s

Straight - CPA - Flowing Velocity Ratios at 75.8 ft/s

| Profile Factor: 1.116 |
| symmetry: 1.001
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12-inch, 4-Path Path Ratios, CPA, 10D + 10D WGEMSC
Path Velocity Ratios at 66.5 ft/s
[ [
Path 1 Profile Facto‘r. 1.114
Baseline vs. 40%
Blocked CPA
Path 2 Velocity | % Diff. with
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Path 3 22.9 -0.10
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Turbulence

USMs sample each transducer pair several times per second

The average transit time of many samples is used to compute
the flow rate

Each transit time measurement for the sampling period has
some variation

The variability of these samples, when compared to the average,
provides in indication of the velocity stability

This variability is called Turbulence
Think of this as a measure of the gas profile stability
Maybe the easiest way of identifying flow conditioner blockage

Useful for identifying many other abnormal conditions
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Turbulence Diagnostic - Normal
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4-Path Turbulence — Normal WGMSE
Turbulence at 66.4 ft/s
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40% Blocked CPA Flow Conditioner W C
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4-Path Turbulence with 40% Blocked FC
Turbulence at 67.2 ft/s
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Turbulence — 15 Hz Pulsation
Turbulence at 27.8 ft/s
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Advanced Diagnostics — Abnormal Conditions

Software Diagnostics report high values for

Flow Velocity Ratios
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12-inch Flow Conditioner Blockage
| Customer Value:
| o Pipeline debris is
recognized with advanced
diagnostics
* Recognized changes in
symmetry and flow profile
John Lansing WGMSC, May 1, 2024 | Advanced Gas USM Diagnostics
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Advanced Diagnostics — Normal Conditions

CUI Diagnostics report normal values for
symmetry, flow profile, and turbulence.
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Real World Regulator Noise — 12-inch Meter

* This is a 12-inch meter with regulation upstream

+ Bi-directional design but flow primarily in one direction

* Pressure drop during this session file was 350 PSI differential
» Regulator has downstream header (two change of directions)
* No noise attenuation tees incorporated

* Pressure at meter about 800 PSI and data about 40 fps

« Let’ s look at the installation and review a Maintenance Report

John Lansing

WGMSC, May 1, 2024 [

Advanced Gas USM Diagnostics
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Real World Regulator Noise — 12-inch Meter
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Wet Gas Testing

SALT LAKE CITY

Wet Gas testing has been performed at the CEESI Nunn facility

4-inch testing done at 3 pressures: 13, 33 & 55 Bar (300, 500 &
800 psi) [March 2010]

GVFs tested included: 100, 99.9, 99.5, 99.0, 98, 97, 96 & 95%

All testing included a CPA 50E flow conditioner located at 10D
upstream of the USM

The dual-chamber orifice meter had a 19-tube bundle and was
located downstream of the USM

John Lansing WGMSC, May 1, 2024 | Advanced Gas USM Diagnostics
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4-inch Meter Diagnostics — Wet Gas — 25 fps

SALT LAKE CITY
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Example Chordal Meter Operating Correctly

Meter Monitor (Detailed) - Roswell West Tx #1

Direction | Awg Velocity Awg 505
ftis ftis

Perform. O [uncorected)| O [comected] | Temperature
% ft3, d
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Pressure 5 Spstem
psig 2 Chord &

Fieverse 16845 1351.84

100.0 11308184 E7375E00.0

Live B9.87 Live 785.6 B Chord B

=R

o
ol Validity
teter time: |1D.-"?.v‘2012 8:41 PM Set | 5 Comms

BiChord C
BiChord D
miField 110
1 Prafile:
B505

20 ] Liquid

1.0 310 1.0 T3.0

|AGA8.-"AGA‘I 0/GE vI Besetfvgs | Gas Comp: Bazeline
Drescription Walue Average Units

AGAS flow-condition gas mixture compressibility 0.830941 089161
AGAR baze-condition gas mixture compressibility 0.997775 0997786
AGATD-calculated sound velocity 1351.94 1354.35 ft/s
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Sound velocity % difference from AGATD 0.0 0.09 %
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Example of Changing Gas Composition Problem
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Example of Changing Gas Composition Problem

e veter Tosts - vogspmepatts - caration vew tep

A
WGMSC

SALT LAKE CITY

Q[ L

[ A %

M EIEIE]

(Detailed) - Roswell West Tx #1

bS] Sl
s o vl oz
Gieston | AvoVebcky | AgS05 | Pefum |0 ecoreced) G coreced | Terpore | Piecane Jvotin vty Y
17 e 13/day t3/day b Save Chat i
Fovem 770 1HU7 000 1150946 eweeeial) oSl L TEH ] o
Llamecan ) Llsransie @ @ tuosose _—
A . i
4 4 H € Cutonsost e e
o e e e o we Zomon
o o & Mas [T s
i = b = el o
=] Aescttvgs| GosComp | Baseive | Melerime: [T0772012643P0  Sel e E el
Desciption Vakie Aveisge Urits Check Status 1
RS TS o oA F T o
4648 bose cordtion s it cemprssbity oS osarrie Colectingtes [Bespeed =] H
10 caed s vloly [E T Runiie: s =
|Average sound velociy 1179 1386 s , &3 S
Sound ey % e iomAGATD an 00s% Hotzonla [0 rinser ]
Heotng v s o enycoloions 6% 104522 bund T s
s specic vty (elave dersi) s o dsinyee bon vy et B
B Addghor | CoseCrats| G
o .
= e
Pressae T —
Save Chat e RS s ERL s BRI s EEi)
s
s =
@ buoscie I8 |
€ Cutomsost § wa s CsSnaver
g A
|- Zamon
Ve [G0 pig
T | e 0.19%
e . Somin
[ e Zomor
o Mas [1E2 s w0
s titenss [ o |
T S P T R L R
—lnixl g
8
SovnCht 4
= o
 htoscie . e
o g B e
A - Zoomot
e [5
winss [ st |§
e _
s
S = L S I I e

John Lansing

WGMSC, May 1, 2024

Advanced Gas USM Diagnostics

28

4/19/2024

14



Elongated Tee Used for Testing
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Elongated Tee and Swirl at the SICK Meter
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Elongated Tee and Dual Flow Conditioner Results
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Crossflow & Swirl Discussion

SALT LAKE CITY
2028 ———
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Crossflow & Swirl Discussion

SALT LAKE CITY
2028 ———
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Inletprofile: Ideal turbulentby Nikuradse

56

AT
Crossflowwelocity Axial welocity
John Lansing WGMSC, May 1, 2024 ‘ Advanced Gas USM Diagnostics
33
Crossflow & Swirl Discussion
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OIML Installation Effects with / without CPA 55E

\: low
> 4
DEOOP-Left
with HM Plate

DEOOP-Right
with HM Plate

Flow
L

An exploded view of the flange connection at the half moon plate is
shown to illustrate the orientation.

John Lansing WGMSC, May 1, 2024 ‘ Advanced Gas USM Diagnostics
35
CPA 55E 3 ND Installation Effects
Baseline
Testing
Elbow,
Right Turn
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Meter Diagnostics with / without CPA 55E (45 FpPs)

| Discussion on Crossflow and Swirl Angle |

Path Velocity Swir [Angld Cross Flow Velocity

Pan
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Diagnostics with the CPA 55E, DBOOP RT HMP

Path Velocity Swirl Cross Flow Velocity

Diagnostics without the CPA 55E, DBOOP RT HMP
Significant Swirl & Crossflow Components

SALT LAKE CITY
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Thermal Stratification Discussion

* At lower velocities it is possible to have significant heat transfer
between the gas and the atmosphere

» Chordal meter designs exhibit a path by both SOS separation
from top to bottom when this occurs

* As the SOS is sensitive to changes in temperature, this is easily
identified by monitoring the SOS spread from top to bottom

« Stratification won’t occur until the velocity is low enough to allow
for less mixing of the gas and more time to stratify

» Depending upon the difference in gas temperature to ambient,
stratification MAY begin to occur around 3-5 fps

» The velocity point where this phenomena begins depends a lot
on the temperature difference and amount of upstream piping

* The effect on the USM uncertainty is generally not significant

SALT LAKE CITY
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Meter Diagnostics — Some Thermal Stratification

Velodity forward direction
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Meter Diagnostics — More Thermal Stratification
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Summary — Advanced Diagnostics

» Advanced diagnostics include Profile Factor, Symmetry,
Crossflow, Turbulence and Swirl Angle

« Turbulence best diagnostic to identify blocked flow
conditioners, pulsation and one indicator for liquid detection

» Symmetry, combined with Profile Factor, helps validate the gas
velocity profile has not changed

» Small changes (<5%) in Profile Factor / Symmetry may only
constitute a minor increase in measurement uncertainty

 Pulsation or cyclic flow both have a different diagnostic
signatures the swirl

* Liquid slugs can cause a meter to totally stop working very
quickly vs. some “free running” liquids
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Summary — Advanced Diagnostics (Cont.)
« Turbulence is very helpful in identifying a number of issues:
* Blocked flow conditioners
* Liquids in the pipeline
* Pipeline contamination
* Pulsation
+ Sometimes several diagnostic parameters are required to
identify the problem
* It is often important to know the station design to diagnose
problems
+ Troubleshooting “Real World” issues much easier when using
Advanced Diagnostics
* Itis imperative to understand and utilize the manufacturer’s
software to verify the USM is operating correctly
John Lansing [ WGMSC, May 1, 2024 | Advanced Gas USM Diagnostics
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Any Questions?
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