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| ntroduction

 Orifice meters are as popular asthey are smple,
generally inexpensive & reliable, however. ..

there is along held axiom throughout industry that
orifice meters have no internal diagnostics.

A flow meter diagnostic system Is desirable for
several reasons.

— guarantees meter performance therefore
reducing exposure to measurement error,



|ntroduction (cont.)

—allows condition based maintenance (CBM)
Instead of routine scheduled maintenance (RSM):

0 avoiding unnecessary risky routine scheduled
maintenance on HP systems!

.. Ifitan’t broke don’t try and fix It,
- there isawaystherisk of loss of containment.

— CBM makestechniciansin the field hugely more
productive & efficient. They go to a meter with a

problem every time, instead of blindly searching
for problems!




|ntroduction (cont.)

— CBM decreases the Safety Factor for Technicians
e LessTime Behind the Windshield
* Reducesthe Exposure to Hazardous Conditions

— Unnecessary to Break Containment during the
Inspection of the meter

— Reduced Exposure to H2S Hazards




Traditional DP Orifice Meter
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Add a downstream tapping
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Two Extra DP Transmitters
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DPt = DPr + DPppl
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The DP Diagnostics method:
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Traditional Meter
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mt = k v DPt

mr = kr v DPr
mpp! = kppl vV DPppl

Three Flowrate Predictions
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Three DP Pairings plus DP Ratios

DPpp! / DPt=PLR
DPr/ DPt = PRR
DPr/ DPppl = RPR
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3 DP' s produces 3 DP pairs & 3 DP ratios.
AP, AP. AP
J ’
API A})t PPL
l.e. “PLR’ “PRR” “RPR”

 DP ratios are set characteristics of the meter.
Hence, we can compare each “read” valueto the

expected value.

 All orifice meter diagnostic characteristics are
derivable from the standards.



4”, 0.5 betaratio
orifice plate data

e CEESI Double Chamber

with Daniel Plate, Natural i
Gas, 112 pts

« 2008: Daniel Paddle
Plates, Air, 44 pts

« 2009: Y okogawa Paddle
Plates, Air, 124 pts
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RR =0.268 b=1 b2
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Sample Actual Baseline Result, in a NDB:

-1,1,

3

1,1 /

+ DPt & DPppl
B DPt & DPr

-1,-1°

a DPr & DPppl
o DPt & DPY,inf

+1,-1



Orifice Meter Mafunction Examples

* 4”7 0.5 3 paddle plate orifice meters with air flow
were given various malfunctions at CEES!.

« Each example shows the scale of the induced bias &
the corresponding diagnostic response.

e To put the induced bias in industrial context the
monetary value of such abias for amid-range
natural gas flow through such ameter isalso given.

1 MMSCF is approx $3,500 /day






% Error

4”, 0.5 B Orifice Meter with Error 1n Inlet

Diameter Keypad Entry

Actual D 4.026" (sch 40)

27 Keypad Entered D 3.826" (sch 80)
1.5 1
ge@s ¥ o
¢ *
1 4
0.5 1
D L I ]
500000 1000000 1500000 2000000

Reynolds Number

L 4
-1,1 1,1
3
-1,-1 1,-1

+ DPt & DPppl

mDPFt & DPr

4 DPr & DPppl
S & DPt & DPt,inf

F'y

+1.2% bias > +$13.3K / quarter




4>, 0.5 B Orifice Meter with Error 1n Orifice
Diameter Keypad Entry

Actual d: 1.999"
Keypad Entered d: 1.972"

] 0 r . .
_1’1 1!1 EUOL)UU 1000000 1500000 2000000
1 -
+DPt&DPppl | 5
— m DPt & DPr =
- 4 DPr & DPpp! u: 2
o DPt & DPtinf| o~
¢ O
9 m N ..® H .
-1,-1 1,-1

-4 - Reynolds Number

-2.6% bias > -$28.5K / quarter



4>, 0.5 B Orifice Meter Buckled Plate

+ DPt & DPppl F'y
mDPt &DPr []
& DPr & DPppl
& DPt & DPL,inf
" -1,1 1,1
0 Reynolds Number
D JJ 500000 1000000 1500000 2000000 -
S -4 1
3 -1,-1 1,-1
* ] eweeomnen ¢

-7% blas > -$78K / quarter



% Error

4>, 0.5 B Orifice Meter Contaminated Plate

G0 4000000000

-3.5% bias > -$39K / quarter

A
-1,1 1,1
+ DPt & DPppl
~ ® DPt & DPr
- 4 DPr & DPpp
Reynolds Number . o DPt & DPLinf
$ 500000 1000000 1500000
-1,-1 1,-1




4”, 0.5 P Orifice Meter Worn Edge Plate

-1,1 1,1
+ DPt & DPppl
N ® DPt & DPr
I 4 DPr & DPppl
R o P& DPinf| Reynolds Number
* 1000000 2000000
-1,-1 1,-1 2 -

S
ll.ﬁ .
5% > -$55K /quarter - Pt



4, 0.5 B Orifice Meter Backwards Plate

F'y
O Reynolds Number

+ DPt & DPpp 0 ' , - |
2 DPt & DPr ) 500000 1E+06 2E+06 2E+06

a4 DPr & DPppl
& DPt & DFinf

-1,1 1,1

% Gas Flow Error
o

12 -

-1,-1 1,-1 o] e sSesene

*

-15% > -$167K / quarter



4”. 0.4 B Orifice Meter with Trapped Debris

*
1,1
_1:_1 1,'1

+ DPt & DPppl
= DPt & DPr
A 4 DPr & DPppl
o DPt & DPtinf

200000 SODTOOD 4001000 5001000
Reynoids Number +118% > +$1.3e6 / quarter



% Gas Flow Error

Disturbed Flow 47, 0.5 3 Orifice Meter

— HMOP at 2D upstream

Rey I"IOFGS Number

-2 1

-4 -

-6 -

$ 500000 ‘1E+Uﬁ 2E+06 2E+05

AT 10

*1,1

1,-1

+ DPt & DPppl
mDPt & DPr

Fy & DPr & DPppl
¢ DPt & DP,inf

-5.8% > -$64K / quarter



4”,0.62 B Orifice Meter
with Wet Natural Gas Flow (13.7 MM SCFED)

-1,1 1,1
¢ + DPt & DPppl
. m DPt & DPr
~ 4 DPr & DPppl
¢ DPt & DFtinf
P=42.6 Bar
GasFlow =3.3kgls  -1,-1a 1-1
Liquid Flow = 0.4 kg/s "
GVF =98.9%

Meter over-reads gas flow rate by +4%

+4% > +$172K / quarter



Applying the DP Meter Diagnostics

Swinton Technology has developed the DPD
concept into a product called “ Prognosis’.

Metering

Field Data

Additional 1/0

[ Supervisory PC
Q + Diagnostics
Software

Flow Computer

(@

vVVvVYy Y Y

/ \ Diagnostics PC




ATMOS Traning Facility with Orifice
Meter & Diagnostic System (Prognosis)




27, 0.54 B Onfice Meter, 147 psig, 410 MSCFD

&

_ B
Historical Data [inHZ0]
DPt 3 24.5910
DPr 3 Y.+ : b
DPppl : 16.9540
DPtvDPppl MM : | -0.0821, -0.0758)
DPt v DP1 P : | 0.1446, 0.2205)
DPrvDPppl & : {  0.157s, 0.1974)
Inferred DPt : 24.6656 : :
Difference: 0.303% of point, 0.015% of span : :

Alarms Event Log Mimic

16.95 [ inHZ0)

) 24.59[111H2D]@. T.71(inHED)




An Over-Ranged (‘ Saturated’) DP Transmitter
147.5 psig, 412 MSCFD, Actual DPt 25.8 *WC,

Read Vaue 23.0"WC, Induced Error -5.6%

A

Historical Data [inH20]

DPt : 23.0000

DPr : 5.0577

DPppl : 17.7011

DPtvDPppl MM : (  3.1882, 4.1427)

ODPtvDPr @ : ( 2.9649, 4.6435)

DPrv DPppl & : ( -0.1450, -0.1822)

Inferred DPt E Z5.7588

Difference: 11.995% of point, 0.552% of span



Unseated Orifice Plate in Carrier

M handle to wind
down plate




Unseated Orifice Plate in Carrier

417.5psig, 471 MSCFD, Induced Error -15%

Historical Deda [snH 2]

DiPe z 34 7410
e | = = 4808
UFppl 31 .20:8%5

e« P pgl ]
e« TIF e
e v iFppl & 133841
linlwideed [H T | =d« 5877
DEfierence: B.525% of peine. 50011

" of span






BP CATS, May 2010
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Conditioning Plate Orifice Meter Fitting Thermowell Isolation Valve
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Isolation Valve Ball Valve Conditioning Plate Orifice Meter Fitting  Thermowell Isolation Valve
T
5

(A

Isolation Valve Ball Valve Conditioning Plate Isolation Valve

Prognosis Installed

PipelD 13.738"
d=8.195" (0.596 beta)

201.5 MMSCFD = $705K/day




Baseline Results at BP CATS (as found)




BP CATS Reversed Orifice Plate
(-15% flow rate prediction error)

DPr & DPppl ©
A

DPt & DPr

-15% > -$105K /day
or > -$9.5 million / quarter

B DPt & DPppl



BP CATS - Saturated DP Transmitter
(-6.2% flow rate prediction error)

e Tradition DP transmitter _—m
Spanned 15.0kPa/ 60" WC DPt & DPr /
DPt & DPppl

eDPt=17.5kPa/ 70"WC
a-7.4% flowrate error

e Also with 3 DP transmitters:

15.0kPa # (6.2+11.3)kPa o
DPr & DPppl

-7.4% > -$4.6 million / quarter

x




BP CATS - Worn Orifice Edge
 Plate deliberately worn, -2% error induced

-2% > -$1.25 million / quarter



BP’'s & CoP’s Observed Benefits

Less Safety Risk  Improved Efficiency
& less logistics & Reduced Carbon
Footprint \

Assurance
of Compliance

and Acc\uracy

Less Routine
Inspections in Remote
Operation \

Efficient Audits




Orifice Meter Audit — Wet Gas Flow Found

DPt : 55.2424 Ep

DPr : 12.7238 Ep

DPppl : 42,5905 Ep ...

DPtvDPppl M :  0.z2305, 0.53584) 5 ;
DPtvDPr @ : | -0.6501, -1.8157) ! :
DPrvDPppl A& : { -0.6115, -1.5142) A 3 i
Inferred DPt : 55.3143 : ®

Difference: 0.130% of point, 0.014% of span



Orifice I\/Ig’gg[ﬁuit — Serviceable M eter

F-am

-]

L

A
Mistorical Daka [InH2 )
(]38 - 341412 = i
0P 1 3,717 : :
OFppl - 0. 563T H .
OFr v DF ppl W 0. EE, 0. 2320 :, E
DPtvDOPr @« -0.0227, -0.0387) : ;
DPivOPppl & @ | -0.0854, =0.2130] : :
Inforred DPt ¢ 30,355% : ;

Diereneo: LT11% of poist, DA3% of span



Orifice Meter Audit 3 —Contamination Found

Historical Data [inH210]

0P E c5.8852 [
OPr H 3.5213
DFppl s EZE_ADSO

LFtw DFppd B -0.1336, =0, 25T
I w DF o

OPrw IHPppl & ¢t | i.17€0, 30311 ]

imforred DPE ¢ 26.0z03 : :
Difeienca: LG of paint, 0,0Z1% af span :




CoP Franklyn Gas Station 10” Orifice Meter




DPt 63
DPr B 14,
DPppl 3 43,
DPtvDPppl M : ( O
DPtvDPr @ : [ O
DPrvDPppl & : (O
DP Sum *: |

Inferred DPt g 63

Current In-Use Data [inH20]
8 L4228

710z
1963

0986,
.14z28,
03089,
.
5065

TEZE,

Correct Meter

Operation

u]
u]
[u]
[u]

L2304
. 4009
L0773
.00o0)

Difference: 0.763% of point, 0.097% of span
Event Log

Alarms

Live Mode
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Backwards Plate

Live Mode

Current In-Use Data [inHZ20)
B 51

DPt L4932 g '
DPr B 12.7268 : 5
DPppl : 39.1514 : !
ODPtv DPppl M : [ -0.1867, -0.4341)
DPt v DPr ®: 1.0692, 3.0499)
OPrvDPppl & : ( 0.5843, 2.2612)
DP Sum & : [ 0.7a77, 0.0000)
Inferred DPt : 5i.8782
Difference: 0.748% of point, 0.077% of span

Alarms Event Log Mimic
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Faulty DPt Reading

— Leaking 5 Way Manifold Valve

Current In-Use Data [inH20]

DPt £1.0791

DPr 3 14.5928

DPppl 3 49,2746

DPtvDPppl M : | 0.8737, Z2.0637)

DPtvDPr @ : | 0.5714, 1.6160)

DPrvDPppl & : ( -0.2053, -0.5106)

DP Sum & : | 5.7111, 0.0000)

Inferred DPt 3 64.5674

Difference: 5.711% of point, 0.698% of span
Alarms Event Log

Mimic

Live Mode
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0Pt 58.
DFr : 13
DPppl : 45.
DFPt v DPppl B: : o
DPtvDPr @ : [ 1.
DPrv DPppl & : | 1
DP Sum *: |
Inferred DPt g 55,

Current In-Use Data [inH20]

2900

L5913

1416

L3422,

7754,

L5003,
o.

7598,
7320

Erroneous Orifice Diameter

4.25" entered instead of 4.5”

.TO3E)
.1258)
L8913
0.

0oooj

Difference: 0.760% of point, 0.089% of span
Event Log

Alarms

Mimic

Liv

-1 DP DIAGNOSTICS

MONITOR, VERIFY, AND TRUST YOUR DP METER




ConocoPhilips / Rosnheft “ Polar Lights’ Field




Meter Alarm [Alarm 3]

I he pattern suggests a potenial over-reading bias.
Possible issues include:

Crifice diameter entered falsely high

FPipe ID entered falsely low

Meter contamination or liquid carry-over

Meter throat obstruction

FProblem with Pressure port affecting two DFs

FProblem with one of the DP inputs (if one DP is inferred)

Current In-Use Data
DPt ;428200 Pg
DPr . BE1.14 Pa
CPppl . 371180 Pa
DPtInf - 42502 54 Pa
DPF Sum % Difference . 0.23
4 DPtws DPppl L 047, DEE)
W DOFPtws DPr c (237, -4.86)
A DOPrvs DPppl co-2.14, -2 64 )
& DP Sum cof 023, 0.00)

-1 DP DIAGNOSTICS
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Metering Stream thought to be a Pristine Meter Run

: Yo
...... ! LI -_—————-
¢ X
Historical Data [Pa]
DPt : 3930.8613 ' :
DPr : 528.6777
DPppl :  3414.8950
DPtwDPppl M : ¢ 0.451s, 1.0620)
DPtvDPr @ : [ -1.3335, —-5.3610) A
DPrv DPppl & : @ -1.6780, -4.0191) .
DP Sum & : | 0.5910, 0. 0oo0) - []P [”AEN[IST'ES
Inferred DPt T 3943.5727 -
Difference: 0.323% of point, 2.542% of span & T ey FIT T P ITIE e







Trending Case Study
- Wet Gas Flow Metering

¢

= =
1B

|

* The diagnostics show
trending in meter
performance, e.g. they
can show a problem
getting better or worse,

e.g. awearing sharp edge,
contamination build up,
DP transmitter drift,
wethess of agas...




4", 0.683p Orifice Meter
72 Bar (@), 40C, 15 MMSCFD

increasing /‘
liquid o
r
O
F'y
&
A
A

4+ (x1,
B (X2,
(x3,
(x4,
(x1,
(X2,
(X3,
(x4,
(x1, y1), XIm = 0.04
(x2, y2), XIm = 0.04
(X3,

(x4, 0), XIm =0.04

Opb 0 00 S0 p

* (x1,
" (X2,
A (x3,

® (x4

y1), XlIm = 0.01
y2), Xlm = 0.01
y3), XIm = 0.01
0), Xim=0.01
y1), Xlm =0.02
y2), Xlm = 0.02
y3), Xlm = 0.02
0), Xim=0.02

y3), Xlm = 0.04

y1), XIm = 0.08
y2), XIm = 0.08
y3), XIm = 0.08
. 0), XIm=0.08




CoP Jasmine 127, 0.636[3 Orifice Meter Test

Separator Gas Outlet
) ¢ a1
(-1,1)
¢ (x1.y1)
Bl (x2,y2)
A (x3,Y3)
(-1,-1)
(11) (-1 //
AN e

(1,-1)



4" 0.68 Beta Ratio Orifice Meter

200 psia, 70F BBLS / MMSCFD
} Increasing
4 MMSCFED . 2
e
-1, 1 * 1,
14 l1l -
‘.l
BBLS / MMSCFD A "
increasing




Conclusions

« DP Diagnostics has developed and proven an
orifice meter diagnostic tool called “ Prognosis’.

* Prognosis can:
— assure correct orifice meter operation
— reduce exposure to mis-measurements
—Increase the productivity of field technicians

—limit risk by limiting maintenance to orifice
meters that are shown to require it only!



* Prognosis has been laboratory tested by:
— CEESI (Colorado & lowa)
— NEL (UK) confidential
— ATMOS (Texas)
— CIATEQ (Mexico)

* Prognosis has been field tested at:
— BP CATS
— CoPTGT
— CoP Franklyn
— UK National Grid (Corby)



e |n the 5" year on the market Prognosis is already
been procured by:

BP, ConocoPhillips, Centrica, Petronas, Y anpet
(Exxon/Saudi Aramco), E.ON Ruhrgas,

UK Nationa Grid, GDF Suez, Perenco, Talisman,
EnCana, Nova Chemical, Maersk + others.

e The concept Is now mentioned In:

—the UK governments DECC “Guidelines for
Petroleum M easurement”

— The Canadian regulators “Directive 17"



PROGNOSIS END USERS

TALIS VMAN
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Thank Y ou.
Questions?
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