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Advancing Hydrocarbon Measurement through cooperative learning.

The benefits of gas USM diagnostics are well known

USM technology has reduced LAUF for most companies
Diagnostics are one of the key benefits of the USM

Generally clients travel to the site to obtain diagnostic data
This can be time-consuming & requires a skilled technician
Valuable diagnostic data is obtained from the USM during flow
However, there may not be any flowing at the time of visit

Thus some benefits of the USM won’t be realized
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Some Gas USM Thoughts %i R oy Mouniah MeamwemeniSsidty.

USMs provide a wealth of diagnostic data for the client
Some designs provide different diagnostics

This requires understanding each meters’ diagnostics
Each manufacturer has their own version of software
Generally monthly “Maintenance Reports™ are collected

Most clients do this on-site while checking other equipment
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Cha"enges for the USM Client I‘i\?/é/ A Rocky Mountain Measurement Society
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There is no common platform for USM software

This requires technicians understand several different designs
Some software may provide more information than others
Constantly changing operating systems pose IT challenges
Field issues may be intermittent & missed with monthly visits
Only when significant events occur will the RTU be notified
Some diagnostics need to be trended to realize the full benefit

Generally clients don’t take the time to trend key diagnostics
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“Stranded Diagnostics Data” Issue %, s, Rocky Mountain Measurement Societ

Clients often do not obtain diagnostics on a “real-time” basis
USMs provide a “health check” output for the RTU

Some meters also provide a separate diagnostic warning
Alarm / warning outputs only indicate a problem has occurred
Obtaining all diagnostics generally requires a meter connection
This may require a site visit if no remote connection is available

Thus most USM diagnostics are left “Stranded” at the site
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Why Diagnostic Data Is “Stranded” g ., fvinmiiemrme o,

The most important task for the RTU is computing flow

Today’s RTU has far more processing power than 10 years ago
This makes it possible for clients to obtain USM diagnostics
Each brand of USM requires a unique Modbus driver

Data analysis by the RTU requires specific integrated software
This added burden on the RTU / client complicates the task
Added diagnostic data requires more bandwidth to transmit

Most clients don’t have the needed bandwidth for all this data

Thus, due to RTU programming, bandwidth constraints, and

host computer programming, generally the USM diagnostic data
is left “Stranded” in the field
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Wh at i S “ St ran d ed ? D ata ? éi// A Rocky Mountain Measurement Society

Once data is collected by their RTU, and transmitted to their
host system, it must be analyzed to obtain maximum benefit

Most clients don’t have the expertise to develop software
analysis tools on their host computer system

Real-time and continuous analysis of diagnostics is extremely
useful for predicting many issues, such as:

Gradual pipeline contamination
Impending failure of a transducer
Flow computer contamination
Occasional liquid issues

Thus, due to RTU programming, bandwidth constraints, and
host computer programming, generally the USM diagnostic data
is left “Stranded” in the field
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“Stra N ded 7 Data S um mary % gl s Rocky Mountain Measurement Society

Ultrasonic Meter Data Flow Computer Data

- Actual (line) Volume (flow) - Flow Time

- Average Velocity - Actual (line) Volume (flow)

- Paths 1...8 Velocity - Standard (base) Volume (flow)

- Average Speed of Sound - Energy (flow)

- Paths 1...8 Speed of Sound - Static Pressure

- Paths 1...8 Turbulence - Flowing Temperature

- Paths 1...8 Performance - Differential Pressure (Orifice)

- Paths 1...8 Gains - Redundant Static Pressure

- Paths 1...8 SNR - Redundant Flowing Temperature
- Paths 1...8 Status Bitmap - Redundant Differential Pressure (Orifice)
- System Bitmap(s) - Super-Compressibility, Zb/Za

- Configuration Checksum
Chromatograph Data

Coriolis Meter - BTU & SG

- Configuration Checksum Gas Component Mole% for C1....C9+
Drive Gain, Amplitude Gas Component RFs for C1....C9+
Temperature System Alarm Bitmap

Live Zero Gas Component Mole% update time
Flowing Density Gas Component RF update time
Resonant Frequency
Tube Balance Series and Parallel Meter Data
- Flow Time

Actual (line) Volume (flow)
Standard (base) Volume (flow)
Energy (flow)

Static Pressure

Flowing Temperature

Speed of Sound
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HOW tO Obtain “Stranded” Data éi// A Rocky Mountain Measurement Society
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One solution is utilize a separate device that focuses on analysis
It has the processing power and memory to obtain all USM data
This device can provide “first cut” analysis of the diagnostics

It can utilize independent communication techniques

Data transmitted can be “off the corporate network™ (bandwidth)
Data encryption / security meets / exceeds client requirements
Data can be sent to a “Cloud Service” via multiple ways

The “Cloud” software obtains / stores all device field data

Let’s call such a system a
Continuous Measurement Monitoring System (CMMS)
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Measurement

— Redundant P&T
;/ _— Pressure Measurement

-~ ,— Temperature Measurement

Gas Chromatograph —

Flow Computer -~

v' Gas Composition Mole %

Stranded Measurement Diagnostics

v" RedundantP&T Measurements

v USM Diagnostics: Avg. and Path Velocities and SoS, Gains,
S/N, Performance, Act Flow, Checksum...

v Gas Chromatograph Response Factors & Alarms
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Data Collection/Hosting Methods g . Eayiensntesener e,

Diagnostics
Network CMMS - Continuous
Measurement Monitoring
Cloud System
* Hosted Web Portal
* Subscribe to Exception Alarms
* Subscribe to Control Chart
SCADA Network Reports
Z  FTP
Z
Measurement
Accounting and Gas
Control System

Servers \ Ny
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CMMS - Continuous
Measurement Monitoring
/| System

Hosted Web Portal

* Subscribe to Exception Alarms
* Subscribe to Control Chart
Reports

Diagnostics
Network

Operator Network

Measurement
Accounting and Gas
Control System
Servers
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Today companies want to minimize measurement risk (LAUF)
This requires more “real-time” and “consolidated” information
Companies want to reduce maintenance costs
They want simplified tools to analyze field data
They need control charts to document performance over time

They need tools to integrate new technology in a more timely
manner
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CMMS System Requirements AT it

A CMMS needs to support all makes of USMs

It would include many additional features such as:

Collection of all meter diagnostics

Real-time reporting of diagnostic alarms

Continuously verifying the USMs’ configuration

Hourly send all field data to the “Cloud” system

The “Cloud” analyzes, trends, and provides periodic reports

The “Cloud” provides immediate notification of field issues (SMS)
The “Cloud” doesn’t need any specific software (\WWeb Browser)

But a CMMS could, and should, incorporate many more features
than simply monitoring the gas USM
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Ad d iti 0 n al Be n efi ts Of a C M M S I‘i\?/é/ 050 Rocky Mountain Measurement Society

It can verify the RTU is correctly accumulating uncorrected flow
It can be a redundant flow computer with AGA 3, 7, 8, 9 & 11

It can compute a “real-time” AGA 10 SOS comparison

It can collect and trend the GC response factors and alarms

It can utilize a separate P&T for continuous fiscal transmitter
verification

It can perform series / parallel meter run flow rate analysis

It can provide all of this analysis for several meters at a single
measurement facility

Thus it can reduce / eliminate the need for monthly site visits for
compliance with APl 21.1

August 20, 2015 RMMS Trade Show Thornton, CO



| Rocky Mountain Measurement Society
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* Verify USM Metrology Checksum

: Verify Path Diagnostics, SoS, Gains, S/N Performance

« Verify USM Calculations: Velocity, Actual Flow Rate

« Verify Flowing Profile matches Baseline (Installation Effects)
« Verify No Evidence of Contamination, Liquids, Obstructions

¥ Verify all Volume from USM is being Recorded by Flow Computer

» Verify GC by Analyzing Response Factors and Alarms

» Verify Static Pressure by Comparing Reading to a Reference

» Verify Flowing Temperature by Comparing Reading to a Reference
v Cross Reference by performing Speed of Sound Calculation Check

¥ Verify Calculations: Compressibility, Standard Flow, Energy Rate

August 20, 2015 | RMMS Trade Show | Thornton, CO
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Typical CMMS Examples
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Advancing Hydrocarbon Measurement through cooperative learning.

Typical CM MS Exam ples , x_i B Rocky Mountain Measurement Society
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Fiscal 4-Path with Clamp-On Check_/&%

.H | l ;
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Fiscal vs. Clamp-On Check Results &m b i Moot sliciicor B

Series ACFH % Diff

0.750 40.37
0.500 34.32
0.250 28.27
0.000 22.22
-0.250 16.17
-0.500 10.12
-0.750 4.07
-1.000 -1.98

Average Velocity

v A
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CMMS Data Access
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p USM - Flaw and Velooties
b VM - Pralle Dagreas
p USM - Paty Disgroatics
b USM - Metrelagy Orachfum
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CMMS Report Example

FESMART Run Verification Report  feerpioessiens
Report Type Hourly Data
Company Address Test Start Date 7/12/139:00 AM
) Pipeline City Test End Date 7/13/13 8:00 AM
e oo % 0 10
Run ID CEESINE(. n H
CEESiGuard-
’( ¢ Meter Flow Comp. Chromatograph Pressure TX Temperature TX
Enabled Yes)| Yes| Yes Yes| Yes)
Brand| Sick 4P| ControlWave | Daniel 570( 30517| 051P|
Model| [ | [ [ ]
M ificati
USM Verification 0 50 100 0 -=£
Config CRC[ 3163 | Avg %Diff LL  Exp _HH Velocity Ratios
- R T T X : .
% Time 0 50 100 AGA10SosDiff_ooer | | W | | 120 120 Vel s
Path 1 Ok Avg LL E).(_p HH /--\ [ Exlp HH 100 | M
Path 2 Ok I I M| Pt 2-1 Sos Diff[ 0.202 1 1.00 o N
Path 3 Ok [ | Path 3-1 SoS Diff|  -0.057 !'! : I I : e
Path 4 Ok 100 B Path 4-1 So0S Diff|  0.136 Il 0.80 ] 12 s s s
Path 50k N/A | Path 5-1 505 Diff[  twa T S
" - 3 3.00 - ingerprin
Avg Min Max Path 3-2 SoS Diff| -0.225 Ii 0.60 200 == -= -
Avg SoS[ 1409 1357 1420 | Path 4-2 SoS Diff|__0.051 [ 1 3 a a = e
Avg Vel| 4173 1.70 72.82 | Path 5-2 SoS Diff NEA : : ; 1004
Path1Vel| 4178 1.70 72.69 | Path 4-3 SoS Diff|  0.164 [T . , . 2%
Path 2 Vel[ 47.06 1.97 8175 | Path 5-3 SoS Diff| A : : 3.00 SoS Fingerprint | 123456780920
Path 3Vel| 47.06 1.96 81.74 Path 5-4 SoS Diff N, i : 200 = = = =--— - : 2000
Path 4 Vel 4178 1.70 72.69 Avg LL Exp HH 1.00 - 1500 4
Path 5 Vel N/A Path 1 Turb.| 6.638 ] 0.00 _ 1000 |
Avg LL Exp HH Path 2 Turb.| 3.3 [ 1'00 T ru e e |
Path 1 Per| 100.00 !i! Path 3 Turb.| 4.100 -_i = =% o T T,
Path 2 Per| 100.00 I Path 4 Turb.| _5.826 [} 200 4=== == = S B
Path 3 Per| 100.00 1] Path5Turb.| NJA : : -3.00 [ ot e . & e m
—— T Exp___
Path 4 Per[  100.00 El Profile Factor|  1.163 LI | 1234567 8910 et volumel 9 0os L]
Path 5 Per N/A : : Symmetry| 1.001 [} : Enersr|_o0a1 N
T ressure .027 i
Path1Gain| 34.00 1 Cross Flow N/A : H Turbulence Tempersurel_oots T;
Path2Gain|__ 38.00 [} Path 1 Vel Ratio| _ 0.856 [ | 20.00 = — :
Path3Gain| 3833 [ Path 2 Vel Ratio| 0.8%1 i Moz Avg Deviation
. H = ¥ 15.00 A Factor Deviation >
Path4Gain| 33.43 [} Path 3 Vel Ratio| 09391 __| o] celma] 10
Path 5 Gain N/A : ] Path 4 Vel Ratio| 0.856 [} 10.00 4 (T T :
Path 1SNR| 38.22 E_ Path 5 Vel Ratio] _ N/A : : o e s
Path 2SNR| 3938 ] Avg %Diff LL Exp HH 5.00 - o B s A
Path 3SNR| 33.00 ] Velocity| 0.012 1] sffor| wfwa] T googsogesog
F — 0.00 - 2 T S TN 2232258
Path 4 SNR|  39.69 Ll Flow Rate| 0.121 B | T :
Path 5SNR| /A o Modbus to Freq| _ 0.121 1] 1 2 3 4 S —
Date: Ver Al

August 20, 2015 RMMS Trade Show Thornton, CO



CMMS Report Example Qi il ilssrsinsrae

FESMART Run Verification Report  feerpioessiens
Report Type Hourly Data
Company Address Test Start Date 7/12/139:00 AM
Pipeline City Test End Date 7/13/13 8:00 AM
Station Name State
Run Name Zip Code % 0 100
Run ID CEESiNet[ 100 ;]
. . .
= Chromatograph Pressure TX Temperature TX
= Yes Yes Yes)
Test|Profile Factor Verification Start Date[7/12/13 9:00 AM . o o=
EESI\,IAR I . ID|ACME Station #1 | End Date|7/13/13 8:00 AM o 100 % 0 100
Type|Hourly Data
Test Result Profile Factor 10 505 Dt Mo VehoyRades
1.300 1.300 Ave LL__Exp HH
: th 2-1 50 Diff[__0.202 i 100 |~ T~
H - th 3-1 508 Diff| _-0.057 I/m
h 4-1 505 Diff[__0.136 I d
1.250 1.250 - : - tn 51508 Dif] NIIA o0
th 3-2 SoS Diff|__0.225
~ ‘o- : - tha-2 szs D:ff 0.051 1] 080
o 1.200 - £ 1.200 - 1 th 5-2 505 Diff| oz 8 48
- th 4-3 505 Diff|__0.162 N
E £ I, L ”v’,,’. th 5-3 505 Diff| A 300 —SoSFingerprint
- AR - th 5-4 SoS Diff[ A e - == -
L; 1.150 - 2 1.150 S '\:3"!:“‘2‘\’\‘:0‘:‘1‘ . Avg L _EBp HH ix J
- - 1 L Path1Turb[ 6.688 | 0.00
Path 2 Turb.| 3.993 i )
s § 1.100 - : - Path3Turb.[ 2100 o o
& 1.100 (-9 : Path 4 Turb.[ 5.826 - - -
[ Path 5 Turb.. N/A
1.050 - : profile Factor| 1363 12345678910
- | S t 1.001
1.050 ! ross Flow| WA
1.000 . . H . th 1Vel Ratio| 0879
- th 2 Vel Ratio|  0.990
1.000 th 3 Vel Rati 0.990
' ' 7/7 7/9 7/11 7/13 7/15 n 4 Vel Ratio| 0478
th’5 Vel Ratio| __N/A i
is|Ti Avg%Diff LB HH 500
SRS veoen o T BT 7 o Lia |
owRate| 0121 [ | ‘W | | L2 3 a4 s
H dbus to i .
Gas Ve|OClty, ft/s odbustofreq| o121 [ [ W § ]
. ————— —— Parallel Meter Analysis
Test Period  Ref Data —+—USM Avgvel —N/A e u Hn
N 1 Actual Volume| -0.004 X
Total Points 24 120 - 120 T H Standard Volume| 015 ]
N . = - — E X
Filtered Points 3 19 - 100 - ! reseute| 007
& ! r Temperature|__0.013
% Data 88 84 S : | sos 0001
Min % Data 25 25 E 80 - i % — et
Expected|  1.138 ® | affil] ] 1
4 s
LoTestlim| _ 1.124 = 40 i 1 Sfor| cfwal >
" B 1 1 ica| 03 | co+
HiTestLim 1.154 20 - 1 nce[ 01| co2[Tma] S
; 1 NeoCs| 00 | w2[ 04| -10
%ofTestLim 159 ics[ ot | He s
0 - nes| 04 | H2[ nwa | SoDSTU R EDY
ce+[[00] Has| wa | 2=ggez88°
2
7/7 7/9 7/11 7/13 7/15 o
Witness:
Date: Ver Al
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P ro b I e m s I d e ntifi e d by C M M S [I/E/l A Rocky Mountain Measurement Society

Advancing Hydrocarbon Measurement through cooperative learning.

The following examples have been identified using CMMS

In most cases, if not all, the client was not aware of any problem
Data was obtained from the “Cloud” system

Presentation of this data has been approved by the client

No mention of site location or client will be discussed

August 20, 2015 RMMS Trade Show Thornton, CO



Temperature Transmitter Issue N ., Sy o tesmrement sy

Temperature % Diff AGA 10 SoS % Diff

1.000 v A 1.00 v A
0.750 0.75

0.500 0.50

0.250 0.25

0.000 0.00 —-—,J-..AMW‘
-0.250 -0.25

-0.500 -0.50

-0.750 -0.75

-1.000 -1.00
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Series ACFH Problem

Rocky Mountain Measurement Society
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2.000

1.500

1.000

0.500

Senes ACFH % Diff

-0.000

-0.500

-1.000

-1.500

-2.000

Meter Performance(% anf) USM Analysis(% Diff) E

USM Profile Ratios

7
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Flow Computer Meter Factor Issue &m b sl iimissi s

Time Frame: L) Batch (& Mourly  Dady -
» Communicatons -l 2.000 N
» USM - Flow and Velocibies
» USM - Profle Diagnostics
» USM - Path Disgncetics 1.300
» USM - Metrology CheckSum
» Flow Computer
» CEESiGuard e
» CEESGuard Checs
» Gas Chromatograph Mole % 0.500 |
» Gas Owomatograph RF Dev
» Seres Checks $
b Seres 0.000 MUW*.
» Paralel Checks I
> Paralel [ ‘
» Agxibary ),.500
» CEESGuard Bamaps
» Narms
-1.000
1.500
2.000
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Swirl Identified by CMMS Mo oo et Sty

ﬁ

1.08

1.05

1.03 i

1.00

0.98

0.95

0.93

0.90

Meter Performance(% [)-ff): ': USM Analysas(% Diff) ' USM Profile Ratios
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Un-Normalized GC Mole % Problem g ..

Rocky Mountain Measurement Society

Advancing Hydrocarbon Measurement through cooperative learning.

104.00

103.00

102.00

101.00

100.00

99.00

98.00

97.00

96.00

\

d

11/19/14 6:00:00 AM -06:00

11/19/14 6:00:00 AM -06:00, 102.00

Unnormalized
Y

11/19/14 6:00:00 AM -06:00, 102.08

Meter Performance(% lef) USM Analysis(% Diff) USM Profile Ratios
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Intermittent Path 3 Performance &wx her el b i B

R— . B 200 X

Path 1 Performance 100

Path 2 Performance 100 e M
Path 3 Performance 93 =

Path 4 Performance 100 6o

Path 5 Performance 0 S0

Path 6 Performance 0 -

Path 7 Performance 0 15

Path 8 Performance 0 -2

Path 1 SoS Diff 0.165 1l -20

Path 2 SoS Diff -0.368 |
Path 3 SoS Diff -0.342 " I
Path 4 SoS Diff 0.545 - A

Path 5 SoS Diff 0 4

Path 6 SoS Diff 0 52

Path 7 SoS Diff 0 50

Path 8 SoS Diff 0 48

Path 1 Meter Bitmap 0 46

Path 2 Meter Bitmap 0 44

Path 3 Meter Bitmap 32768 42

Path 4 Meter Bitmap 0 40

Path 5 Meter Bitmap 0 |
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AGA 10 SOS Error with High C6+ g . Ry ouran Nemmyement Socey

AGA 10 SoS % Diff e
2.00 < S
1.50 0.449
1.00 0.361
0.50 0.274
-0.00 0.187
T

-0.50 0.099
-1.00 0.012
-1.50 -0.076
-2.00 -0.163

Profile Factor Symmetry HexaneP Profile Factor AGA 10 SoS % Diff Symmetry
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i-Pentane Response Factor Issue &ax her el b i B

IPentane RF % Diff
15.000 , ~

12.500

10.000

7.500

5.000 II.

2.500

i

-5.000

-7.500

-10.000

-12.500

-15.000

Path 3 Performance Path 3 Gain j Path 3 Velocity :
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Meter Configuration Changed N g oy Moo MessremensSocy

Metrology CheckSum
55,578 ~
49,720
43,863 0 0 00:00 A 0 00, 4 80
38,006
32,148
26,290
20,433
14,576 k
8,718
10/20/14 11:00:00 AM -05:00
Meter Performance(% lef) USM Analysis(% Diff) USM Profile Ratios
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Advancing Hydrocarbon Measurement through cooperative learning.

Today CMMS is practical, affordable & more important than ever
“Cloud-based” systems are utilized by virtually all companies

Data security is always a concern, but CMMS utilizes techniques
with the highest level of encryption available today

“Real-time” remote monitoring reduces LAUF
CMMS reduces labor costs
It permits easier introduction of newer technologies

Perhaps a CMMS should be called a “Complete Measurement
Verification System”

Every aspect of the USM facility is monitored, and verified,
on a continuous basis, 24/7/365

August 20, 2015 RMMS Trade Show Thornton, CO
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