
ENRON CORP
Orifice Meter Tube Calibration Report
Ref: AGA 3 - Part 2 (ANSI/API 2530)
 1.	GENERAL
This standard covers testing and inspection for the acceptance of newly fabricated orifice meter tubes and is recommended as a guide for evaluating the condition of existing orifice meter tubes.  This standard is to be used in conjunction with Engineering Standard 5421 for the purchase of new orifice meter tubes.  The Company reserves the right to conduct any other inspections deemed necessary to ensure the quality of the meter tube assembly.

 2.	ORIFICE FITTING BLANK PLATE LEAKAGE TEST
This test is part of the overall orifice meter tube inspection and shall be done prior to the final meter tube inspection and after hydrostatic strength testing.  Unless specified otherwise, this test will be done by the meter tube fabricator.  The test will be conducted in accordance with this standard and a record of the test will be furnished using the form herein or suitable equivalent.
Step 1:	Isolate and vent the orifice meter run.  Ensure the upstream and downstream isolating valves do not leak.
Step 2:	Install an unbored orifice plate in the orifice fitting.
Step 3:	Attach the recommended test manifold illustrated in this standard.
Step 4:	Connect the pressure source to the inlet to the manifold regulator.
Step 5:	With valve "b" partly open, valve "a" fully open, and valve "c" closed, adjust the regulator to deliver 55 inches of water column (approx. 2 psig).
Step 6:	Close valve "b" and open valve "c" and any other valves required to admit gas from the manifold to the orifice meter run.
Step 7:	When the orifice meter run is pressured to 55 inches of water column, close valves "a" and "c" and open valve "b".  If no leakage is observed at valve "b", proceed with the test.
Step 8:	Observe the orifice meter recorder for ten minutes.  If no differential pressure decrease is observed proceed.  If decrease is observed orifice meter run must be disassembled and inspected using liquid leak detector or other method to check seal and tap hole integrity.
Step 9:	Vent enough gas through valve "c" to reduce the pressure to 10 inches of water column.  Observe the orifice meter recorder for five minutes.  If no differential pressure decrease is observed, proceed to the next step.  If a decrease is observed, follow the remedial steps detailed in Step 8.
Step 10:	Return the orifice meter run to normal operation.
Step 11:	Attach orifice meter chart to Test Report.

RECOMMENDED TEST MANIFOLD
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ORIFICE FITTING BLANK PLATE LEAKAGE TEST REPORT
	DATE:
	

	VENDOR:
	

	LOCATION OF TEST:
	

	
	

	ORIFICE FITTING SERIAL NO:
	

	NOMINAL PIPE SIZE:
	

	ANSI CLASS:
	

	METER TUBE SERIAL NO:
	

	TEST METHOD (attach this procedure or describe)
	

	
	

	
	

	
	

	ORIFICE METER RECORDER CALIBRATION DATE:
	

	TEST GAUGE CALIBRATION DATE:
	

	RESULTS:
	

	
	

	
	

	
	

	
	






	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	COMPANY INSPECTOR'S SIGNATURE:
	
	DATE:
	

	
	
	
	

	VENDOR'S SIGNATURE:
	
	DATE:
	



 3.	ORIFICE METER FINAL INSPECTION AND CALIBRATION REPORT
3.1	Equipment and Materials
The Vendor shall make available any or all of the following equipment and materials or other necessary test equipment as requested by the Company’s inspector during the inspection:
	•
	Drawings, specification and purchase order

	•
	Clipboard and pencil

	•
	AGA Report No. 3 (Orifice), part 2

	•
	Inspection Check Sheet (copy included in this standard)

	•
	Meter Tube Calibration Report Form (copy included in this standard)

	•
	Hand calculator

	•
	2'-0" level

	•
	100' steel tape measure

	•
	20' steel tape measure

	•
	Tap hole gauge

	•
	Inside/Outside caliper with vernier (not dial)

	•
	Inside micrometers

	•
	Outside micrometers

	•
	Standard bar

	•
	Straight edge

	•
	Carpenters square

	•
	Vacuum pump equipped with gauge and provision to accept 1/4" ID tubing

	•
	1/4" ID tygon tubing 2;-0" long

	•
	1 each adapter 1/4" ID tube to 1/2" male NPT

	•
	1 each rubber stopper to plug 1/2" male NPT

	•
	Flashlight

	•
	Soap stone marker

	•
	Orifice plate with approximately a 0.75 beta ratio

	•
	Seal ring for orifice plate



3.2	Inspection
Inspect the meter tube assembly following the order of the subsequent outline which progresses from simpler checks to the more complex and time consuming measurements.  This may avoid expenditure of time performing complex measurements on a tube to be rejected for not meeting basic configurational requirements.  Record the results on the Meter Tube Inspection Sheet and the Orifice Meter Tube Calibration Report provided herein.
3.2.1	Check for dents, cracks, scratches, gouges, pits, laminations, correct piping material specifications and ratings and proper type orifice fitting.  Refer to AGA Report No. 3, latest edition, and the purchase specifications for acceptance criteria.

3.2.2	After all items above are checked and found acceptable, check the following:
Physical Dimensions:  Overall length of upstream and downstream sections cannot exceed ± 1/8-inch from drawing(s).
Flange Faces:  Must be serrated (Phonograph groves).
Flange "Two-Bolt " Level:  Put meter tube in exact upright position, the top two bolt holes on each end of the tube should be level with each other.
Flange Tilt:  Maximum allowable is 1/4 degree.  To determine this, plumb the flange face vertically with a level by raising or lowering one end of the tube.  When the flange is plumb, place a 2'-0" level horizontally on top of tube.  Raise the low end of the level and measure the vertical gap between the end of the level and the tube.  A gap of 1/8-inch or more per two feet will be cause for rejection.
Bad or Poorly Finished Welds:  Welds should be clean and smooth on the outside and inside and ground smooth to near the ID of the tube inside except at the orifice fitting or flange where inside welds should be the same ID as the tube.
Communication Between Tap Holes:  Each tap hole, except on an orifice flange union (OFU), should be checked to be sure it will hold pressure.  Place a rubber stopper in the tap hole inside the fitting and pull vacuum pump.  If the vacuum pump will hold for fifteen seconds, the test is acceptable.
Straightening Vane Location:  This distance should be determined from the drawing but generally should agree with AGA Report No. 3, (latest edition) Part 2, figure 2-5, using a Beta ratio of 0.75.
3.2.3	Tap Holes
	Check tap holes for slant:  Tap holes to be perpendicular to meter tube longitudinal axis and circumferential tangent.
	Check tap hole I.D.:  I.D. is 1/2-inch at the inner surface on tubes 4-inch and larger, and 3/8" on tubes on 2-inch and 3-inch diameter.  Tolerance is  ± 1/64-inch as detailed in AGA No. 3. 
	Check flange tap locations:  Flange tap locations are to be one (1) inch from the face of the installed orifice plate to the center of the tap hole.  The tolerance is ± 0.030" for 4-inch tubes and larger and ± 0.015" for tubes smaller than 4-inch.  This measurement is done with a tap hole measuring gauge to determine the spacing between the orifice plate and the downstream tap hole on the orifice fitting.  This spacing is then measured with a caliper and recorded.  The orifice plate is then removed and the spacing between the two tap holes is determined.  A caliper then measures this distance on the tap hole measuring gauge.  The location of the upstream tap is calculated by subtracting the plate thickness and the downstream tap hole distance from the distance between the two tap holes.  Measurement on an orifice flange union (OFU) is done with a carpenter's square and includes the thickness of the gasket. 

	Check pipe tap locations (Pipe taps are not to be used with new tubes.):  Pipe Tap Locations are as follows:
a.	Upstream:  2-1/2 A.I.D. pipe diameters from the face of the plate to the center of the tap hole.
b.	Downstream:  8 A.I.D. pipe diameters from the face of the plate to center of the tap hole.
c.	Tolerance is ± 0.30” for 4-inch tubes and larger and ±-0.15" for tubes smaller than 4-inch.
3.2.4	Orifice Plate Centering
Allowable eccentricity must be equal to or less than the tolerance given in AGA Report No. 3, Part 2, (latest edition) Table 2.7 for 2-inch to 10-inch tube.  For any size tube, use formula  < 0.0025Dm/(0.1+2.3m4) for allowable eccentricity, where:
	Dm
	= measured tube ID at temperature at the time of diameter measurement

	m
	= dm/Dm

	dm
	= measured orifice plate bore ID at temperature at the time of diameter measurement

	
	= eccentricity



To determine if orifice plate is centered within the allowable tolerance, proceed as follows.
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Step 1:	Measure vertically from top inside wall of tube to top edge of orifice.
Step 2:	Measure vertically from bottom inside wall of tube to bottom edge of orifice.
Step 3:	Use equation:  distance from center = (larger number - smaller number)/ 2.  From the example in the illustration above, distance from center = (2.549-1.971)/2 = 0.289.
Step 4:	Measure horizontal distances as shown above and use same equation as in Step 3. to find distance from center of plate.  From the example in the illustration above, distance from center of plate = (2.442-2.078)/2 = 0.182.
Step 5:	Compare the values obtained from Steps 3 and 4 against allowable eccentricity per latest AGA-3, part 2. .  Eccentricity tolerance should be based on 0.7 Beta.  For 4-inch and smaller tubes, eccentricity can be 0.02” or less with a 0.7 Beta plate

3.2.5	Meter Tube Inside Diameter
Step 1:	Standardize the inside micrometers by using a standard bar in an outside micrometer to establish a standard "gap".  Now measure the "gap" with the inside micrometer and add or subtract a "mike correction" to each subsequent mike reading taken within the meter tube.
Step 2:	Mark with soap stone, using a square and straight edge, the tube diameters and locations specified on the meter tube calibration form being sure to include the location two pipe diameters upstream. 
Step 3:	Measure the points located as above to one-thousandth of an inch and record on the meter tube calibration form.  Record meter tube temperature at the time of diameter measurements. 
Step 4:	Check for any small irregularities in the pipe to be sure their depths are included when comparing the longest and shortest diameters. 
Step 5:	Subtract the shortest diameter from the longest diameter upstream.  The measured A.I.D. (Dm) taken one (1) inch upstream of the upstream face of the orifice plate must be within 0.25% of Dm from any diameter measured within one (1) Dm in the upstream side of the orifice plate.  The difference between maximum I.D. and minimum I.D. for all measurements upstream and downstream of the orifice plate shall not exceed 0.5% of Dm. 

 4.	DOCUMENTATION
4.1	Make sure the upstream and downstream tube sections are properly stamped with matching serial numbers and I.D. and that these numbers, along with the orifice fitting numbers, appear on all inspection reports.
4.2	Complete the Meter Tube Inspection Check sheet.
4.3	Complete the Meter Tube Calibration Report.
4.4	Ensure that the Meter Tube Specification Sheet (see Engineering Standard 5421) and all drawings are revised to reflect the final fabrication.

METER TUBE INSPECTION CHECK SHEET
	Tube Number
	
	Date
	

	Fitting Number
	
	Plate Holder Type
	

	Manufacturer
	
	Pipe Size
	
	ANSI CLASS
	

	Destination of Runs
	
	P.O. Number
	

	Inspector
	
	W.O Number
	



	
ACCEPTABLE
	NOT
ACCEPTABLE
	
ITEM

	
	
	Company/Vendor Drawing(s) Checked to Meter Tube Specifications

	
	
	Welding

	
	
	Circumferential butt welds (ground smooth with inside tube surface)

	
	
	Welds on Taps and Wells (no burrs on inside wall)

	
	
	Measurements

	
	
	Tap Holes Right Size

	
	
	Tap Hole Location (1" for Flange Taps, 2-1/2 x ID for Pipe Taps)

	
	
	Straightening Vane Location

	
	
	Length of Pipe

	
	
	Roundness, UpstreamTube, (Mike)

	
	
	Orifice Plate Centered

	
	
	Miscellaneous

	
	
	Pipe free of Grooves, Pits or Deep Scratches

	
	
	Flanges Mounted Straight on Pipe

	
	
	Tap Holes Not Slanted

	
	
	Tap Hole Leak Tests

	
	
	Meter Tube Marked per Specification

	
	
	Hydrostatic Test Chart Attached

	
	
	Orifice Fitting Blank Plate Leakage Test Report Attached

	
	
	Vendor Certifications per ES-5421 Attached

	
	
	Vendor Calibration Sheets Attached



	Remarks:
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


	
	Engineering Standards
	Standard
	
5421A
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	ORIFICE METER TUBE
	Issue Date
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	TESTING AND INSPECTION
	
	08/95

	
	
	Rev. No.
	

	
	
	Date
	




* Indicates revised paragraph, this Rev. No.
	
	
	
	
	
	
	
	
	
	

	Station
Number
	
	Run
No.
	
	Date
(mmddyy)
	
	
	Company
No.
	060-TW
179-NNG
062-FGT
	012-HPL
018-IGC
028-OPL

	
	
	
	
	
	
	
	
	014-VPL
	172-NBP

	Make
	
	ANSI
Class
	 300
 600
	Serial
Number
	
	
	
	000-OTHER
	

	
	
	
	
	
	
	
	
	
	

	Fabricator
	
	Pipe
Schedule
	
	Stamped
Meter Size
	
	
	P.O
Number
	
	

	
	
	
	
	
	
	
	
	
	

	USE DRAWINGS ON BACK OF FORM
FOR MEASUREMENT LOCATIONS
	UPSTREAM TUBE
LOCATION
	MICROMETER READINGS
	DOWNSTREAM TUBE
LOCATION
	

	LOCATION
	A
	B
	C
	D
	E
	F
	G
	

	V
	
	
	
	
	
	
	
	

	LV
	
	
	
	
	
	
	
	

	RV
	
	
	
	
	
	
	
	

	H
	
	
	
	
	
	
	
	

	SURFACE
ROUGHNESS
	
	
	
	
	
	
	
	

	
	
	

	ALLOWABLE AVERAGE
	AVERAGE TUBE ID (Dm at Location (C)
	
	INCHES

	ROUGHNESS = 250 MICROINCHES
	TEMPERATURE OF METER TUBE DURING CALIBRATION
	
	DEGREE F

	PASS
	
	FAIL
	
	
	CALCULATED REFERENCE ID AT 68 DEGREES F (Dm)
	
	INCHES

	
	
	
	
	
	
	
	

	
	
	
	METER TUBE LENGTH
	
	
	

	
	
	ACTUAL TUBE LENGTH PER COMPANY SPECIFICATIONS
	
	

	
	
	
	ANSI/API 2530 FIGURE No. 2-5
	
	
	

	DIMENSIONS
	A
	A’
	B
	C
	C’
	

	MINIMUM REQUIRED
	
	
	
	
	
	

	ACTUAL
	
	
	
	
	
	

	
	** DISTANCE FROM FACE OF PLATE TO FIRST OBSTRUCTION:  THERMOWELL, FITTING, ETC.

	
	
	
	
	
	
	

	
	TYPE
	FLANGED  
	LINE  
	
	STRAIGHTENING VANES
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	MAX. L
0.5 C’
	
	INCHES
	MAX.
AREA A
	
	SQUARE
INCHES
	MAX. A
Dr/4
	
	INCHES

	
	
	
	
	
	
	
	
	
	
	

	
	REQUIRED DIMENSION
	MIN. L
10a
	
	INCHES
	
	
	
	
	
	

	
	REF:  ANSI/API 2530 (2-5.5)
	
	
	
	
	
	
	
	
	

	
	ACTUAL DIMENSIONS
	ACTUAL L.
	
	INCHES
	ACTUAL A
	
	SQUARE
INCHES
	ACTUAL a
	
	INCHES

	
	
	
	
	
	
	
	
	
	
	

	
	ORIFICE FITTING
	

	
	
	
	
	
	
	
	
	
	
	

	MAKE
	
	
	TYPE:
	SR 
	JR 
	SIMPLEX 
	FLANGE 
	SERIAL
No.
	
	

	
	
	
	
	
	
	
	
	
	
	

	ALIGNMENT OF
PIPE & FITTING
	OK:
YES/NO
	
	WIDTH OF
PLATE SLOT
	
	INCHES
	WIDTH OF SEAL
W/PLATE
	
	INCHES
	TYPE OF
SEAL
	ELASTOMER  

	
	
	
	
	
	
	
	
	
	
	TEFLON  

	
	ORIFICE TUBE ROUNDNESS
	
	
	

	
	REF:  ANSI/API 2530 (2.5.1.3)
	
	
	

	1ST DIAMETER MEASUREMENT REF:  ANSI/API 2530 (2.5.1.3.1.1)
	
	
	
	

	MAXIMUM ALLOWABLE DIFFERENCE UPSTREAM OF ORIFICE = 
	
	Dm X 0.0025 = 
	
	

	
	
	
	
	
	
	

	ANY DIAMETER - Dm = 
	
	PASS
	
	FAIL
	
	

	
	
	
	
	
	
	

	MAXIMUM ALLOWABLE DIFFERENCE FOR ALL UPSTREAM AND DOWNSTREAM MEASUREMENTS = 0.005 X
	
	Dm =
	
	

	
	
	
	
	
	
	

	LARGEST DIAMETER - SMALLEST DIAMETER UPSTREAM =
	
	PASS
	
	FAIL
	
	

	
	
	
	
	
	
	

	LARGEST DIAMETER - SMALLEST DIAMETER DOWNSTREAM =
	
	PASS
	
	FAIL
	
	

	
	
	
	
	
	
	

	REF:  ANSI/API 2530 (2.5.4)
	
	PRESSURE TAPS
	

	
	
	
	

	
	
	
	
	
	
	
	

	DISTANCE FROM
	UPSTREAM
	
	INCHES
	DOWNSTREAM
	
	INCHES
	HOLE DIAMETER ALLOWABLE ± 0.015 INCH

	FACE OF PLATE TO
	
	
	
	
	
	
	
	
	
	
	

	CENTER OF TAP
	PASS
	
	FAIL
	
	PASS
	
	FAIL
	
	
	ACTUAL INCHES
	
	PASS
	FAIL
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	COMMENTS:
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	SIGNATURE
	
	
	WITNESS
	
	

	
	
	
	
	
	





CALIBRATION REPORT
DATA COLLECTION SHEET

	UPSTREAM TUBE
LOCATION
	MICROMETER READINGS
	DOWNSTREAM TUBE
LOCATION

	LOCATION
	A
	B
	C
	D
	E
	F
	G

	V
	
	
	
	
	
	
	

	LV
	
	
	
	
	
	
	

	RV
	
	
	
	
	
	
	

	H
	
	
	
	
	
	
	

	SURFACE
ROUGHNESS
	
	
	
	
	
	
	



	
	
	
	

	ALLOWABLE AVERAGE
	AVERAGE TUBE ID (Dm at Location (C)
	
	INCHES

	ROUGHNESS = 250 MICROINCHES
	TEMPERATURE OF METER TUBE DURING CALIBRATION
	
	DEGREE F

	PASS
	
	FAIL
	
	
	CALCULATED REFERENCE ID AT 68 DEGREES F (Dm)
	
	INCHES
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