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Metering Maintenance Without
a Shutdown

Why flow elements that cannot be inspected never are — and what live access is

actually worth

Every differential-pressure metering standard rests on the same silent assumption: that the primary element

in the pipe still matches the one described on the datasheet. ISO 5167 and AGA Report No. 3 specify edge

sharpness, flatness, roughness and bore tolerances in exact numbers, and the published discharge

coefficients are valid only while those numbers hold. Nothing in the standards tells you how to verify that in

a live plant. That is where the paradox begins. Verification requires access; access requires breaking into the

line; breaking into the line requires a shutdown; and a shutdown is only available at the turnaround. So the

real inspection interval on most plants is not twelve months or twenty-four months. It is however long it is

between turnarounds — three years, five years, sometimes longer.

The consequence is not a compliance problem. It is worse than that: the paperwork stays perfect while the

measurement quietly stops being true.

THE QUESTION THIS PAPER ANSWERS

If inspecting a flow element cost you thirty minutes instead of eight hours, how often would you inspect it?

Every maintenance engineer answers that question the same way. The architecture of the installation — not

the maintenance philosophy — is what decides the answer.

PRODUCTION INTERRUPTION PER PLATE CHANGE, HOURS · LOST MARGIN AT €3,500/h

0 2 4 6 8 10

Orifice flanges

weld-neck pair
8 h · €28,000 lost margin

Single-chamber fitting 4 h · €14,000 lost margin

Dual chamber fitting 40 min · €2,330 lost margin

Indicative durations for a DN 150–300 line, including isolation, depressurisation, purge and return to service.

Margin at €3,500/h (mid-size utility or steam plant); substitute your own contribution margin.

Each duration is the top of its Table 1 range: 6–8 h, 3–4 h and 20–40 min.

Figure 1 — The same maintenance task, priced three ways. Substitute your own contribution margin; the ratio between the bars does not change.

1. Three architectures, three very different maintenance regimes

How an orifice plate is held in the line is normally settled in a few minutes at the design stage, on capital cost. It is

in fact the single decision that determines how the meter can be maintained for the next twenty years.
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ORIFICE FLANGES
SINGLE-CHAMBER
FITTING DUAL CHAMBER FITTING

Line shutdown to change a

plate

Yes Yes No

Depressurisation required Full line section Isolated line section Upper chamber only

Bypass piping needed for

continuous service

Yes Yes No

Bolts to break All flange bolts Clamp bar screws only Top seal block screws only — no pipeline joint

Typical time to change a

plate

6–8 h 3–4 h 20–40 min

Relative purchase cost Lowest Moderate Highest

Where it belongs Small lines, intermittent duty,

clean service, easy isolation

Lines that can tolerate

a short local outage

Custody transfer, continuous plant, dirty or

erosive service, anything you intend to inspect

regularly

Table 1 — Plate-access architectures compared. İnkotek dual chamber fittings: DN 50 to DN 600 (2″ to 24″), ASME Class 150 – 600 standard; special

production to Class 2500 up to NPS 12″ and Class 1500 for NPS 14″ – 24″ (INK-DS-02).

2. What a live plate change actually involves

The dual chamber fitting solves the problem mechanically. The plate is carried in a sealed lower chamber; an upper

chamber above it is isolated by a rotary valve. The plate carrier is raised into the upper chamber, the rotary valve

closes beneath it, the upper chamber is vented, and the plate comes out — while the line stays in service at full

pressure.

The valve is held by a spring-loaded latch in both the open and the closed position. It cannot be turned until the

two opposing latches are released by hand. That deliberate two-handed action is a safety feature, not an

inconvenience: the valve cannot creep, and it cannot be knocked off its position while the carrier is moving.

The sequence is short and it is the same every time:

1. Open the equalizer valve slowly — with the top seal block tight and the vent valve closed. Let the upper-

chamber pressure stabilise against the lower chamber and watch it settle on the upper-chamber gauge. The

valve is then turned across balanced pressure rather than against differential.

2. Release both latches and open the rotary valve. Stop at the open limit shown by the position indicator. Do not

over-rotate. Confirm the position mechanically as well as by the indicator.

3. Raise the plate carrier into the upper chamber. Turn the lower pinion shaft with the supplied operating wrench

until the carrier reaches its designed upper stop. Do not force it, and use no cheater bar.

4. Confirm the carrier is fully above the rotary valve before the valve is closed. This confirmation is the operator’s,

and it is the step that protects the plate and the valve seats — make it a signed line in the work instruction, not

a glance.

5. Close the rotary valve to the closed limit shown by the indicator, and let both latches engage. Then close the

equalizer valve and confirm positive mechanical closure.

6. Open the vent valve slowly and vent the upper chamber to the approved safe location, watching the gauge.

7. Verify zero pressure at the gauge, then loosen the top seal block. If the gauge does not read zero, stop and

investigate. Withdraw the plate, inspect, photograph, record — and reverse the sequence with the new or

verified plate, then vent the upper chamber as in step 6, confirm zero at the gauge and close the vent valve.
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No lubrication step is required to operate the valve, and none should be introduced. The sealing arrangement is a

soft-seat design — an interchangeable seal, dual O-ring or approved PTFE arrangement as specified — and it is

serviced by replacement at teardown, not by greasing in service.

WHAT TO WRITE INTO THE WORK INSTRUCTION

Confirm the rotary valve and the equalizer are closed, the vent valve is open and the upper-chamber

pressure gauge reads zero — read it, do not judge by feel — before the top seal block is loosened. Confirm

the plate carrier is fully above the rotary valve before that valve is closed. Confirm the plate orientation on

re-entry against the approved drawing and the body marking — sharp bore edge upstream, bevel

downstream. Before the line is handed back, confirm the normal metering state: plate carrier fully seated in

the lower chamber, rotary valve fully closed with both latches engaged, equalizer and vent valves closed,

upper-chamber gauge at zero and top seal block tight, with no external leakage. Record the plate serial

number, bore and edge condition against the tag, not against the work order.

3. Live access is not only about orifice plates

The same principle — bring the element to the maintainer instead of taking the plant down to the element —

applies across the measurement package:

Retractable Pitot tube assemblies. The probe is inserted and withdrawn through an isolation valve under line

pressure. Cleaning a fouled averaging Pitot becomes a routine task rather than an outage item — which

matters, because a partially blocked probe reads low and gives no other symptom.

Wafer flow nozzle assemblies. A between-flange assembly that keeps the erosion resistance of a nozzle profile

while remaining a short, liftable component rather than a welded meter run.

SWAS sampling stations. Steam and water sampling with conditioning, cooling and pressure reduction built in,

so that boiler water chemistry can be verified without shutting the boiler. The economics here are the same

argument in a different service: a sample that is difficult to take is a sample that stops being taken, and boiler

tube failures are considerably more expensive than sampling.

Flow conditioners. Where an existing meter run has never had adequate straight length, a conditioner installed

during a planned fitting retrofit removes an installation error permanently — one shutdown buying two

improvements.

4. What cheap access lets you actually do

The capital argument for a dual chamber fitting is usually made on avoided downtime alone, and that is enough on

most continuous plants. But the operational value is larger than the arithmetic, because cheap access changes

what is possible:

PRACTICE IMPOSSIBLE WITH FLANGES ROUTINE WITH LIVE ACCESS

Annual condition inspection Deferred to turnaround; effectively 3–5

years

12 months, or 6 in dirty service — the interval

the standards assume

Response to a trigger event (Δp over-

range, liquid slug, chemical clean)

Wait for the next outage; run on an

unverified meter meanwhile

Same week. Inspect, confirm, and either clear

the meter or replace the plate

Seasonal or campaign re-ranging One plate for the whole year; poor

turndown at the extremes

Change β with the season. Better resolution at

both summer and winter flows
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PRACTICE IMPOSSIBLE WITH FLANGES ROUTINE WITH LIVE ACCESS

Building a degradation history Two or three data points over a

plant’s life

A curve. After three or four inspections the next

interval sets itself

Dispute resolution on a custody

transfer meter

Weeks of correspondence, then an

outage

Withdraw and inspect in front of the counterparty,

same day

Table 2 — The operational value of access, beyond avoided downtime.

5. Before you order a retrofit: eight things to confirm

Retrofitting a fitting into an existing meter run is a piping job as much as an instrument job. Most of the difficulties

are foreseeable, and all eight of these are cheaper to settle on paper than on site.

1. Line size, flange rating and facing — including whether the existing flanges are RF, RTJ or tongue-and-groove,

and whether they match the fitting.

2. Body length and the straight-length budget. The fitting body occupies pipe. Confirm that the upstream straight

length still meets ISO 5167 or AGA Report No. 3 at your β after the retrofit — this is the most commonly missed

item.

3. Meter tube condition. If the retrofit exposes an out-of-tolerance internal diameter, roughness or weld bead,

replace the tube while the line is open.

4. Material and service compatibility — including NACE MR0175 / ISO 15156 where sour service applies, and

coating specification for the external environment.

5. Design temperature, and its effect on plate bore and body dimensions; thermal expansion corrections are part

of the flow calculation, not an afterthought.

6. Orientation and clearance. The carrier travels upward: confirm headroom above the fitting, and access for the

operating wrench, the valve latches and the equalizer and vent valves.

7. Weight and support. A dual chamber fitting is substantially heavier than a pair of orifice flanges; check the pipe

supports and, where relevant, the seismic case.

8. Tap arrangement and transmitter manifold — flange taps, gauge lines, and whether the existing impulse routing

can be reused or should be rebuilt to the slope and equal-leg rules while the work is open.

THE ECONOMIC TEST, IN ONE LINE

Take your plant’s contribution margin per hour. Multiply by the hours a plate change costs you today.

Multiply by the number of inspections you would like to do over the next ten years. Compare against the

price of the fitting. On any continuous plant the comparison is not close — and that is before counting the

measurement error the inspections would have caught.

6. A pragmatic twelve-month plan

Very few plants can justify converting every meter run at once, and none need to. The following sequence puts the

money where the measurement is worth the most, and produces evidence that pays for the next step.

1. Rank your meters by the value they measure per year — not by line size, and not by how much trouble they

have given you. A quiet meter on a high-value stream is a larger exposure than a noisy one on a utility header.

2. For the top five, establish when the primary element was last physically inspected. On most sites this question

has no answer, and the absence of an answer is itself the finding.

3. Inspect the top one or two at the next available opportunity, however inconvenient. Photograph both faces,

measure the bore, check the edge and the flatness, and record the result against the tag.
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4. Use that result to build the business case. A measured error on a real meter, priced at your own throughput, is a

far stronger argument than any generic figure — including the ones in this paper.

5. Convert the meters where the case is proven, and write the new inspection interval into the maintenance system

on the day the fitting is commissioned — before the memory of why it was bought fades.

SOURCES AND STANDARDS REFERENCED

ISO 5167-1, Measurement of fluid flow by means of pressure differential devices inserted in circular cross-section conduits running full — Part 1:

General principles and requirements · ISO 5167-2, … Part 2: Orifice plates · API MPMS Chapter 14.3 / AGA Report No. 3, Orifice Metering of Natural

Gas and Other Related Hydrocarbon Fluids; Part 2 covers specification and installation requirements · NACE MR0175 / ISO 15156, Materials for

use in H₂S-containing environments in oil and gas production · OIML R 140, Measuring systems for gaseous fuel · Management system

certification: ISO 9001:2015, ISO 14001:2015 and ISO 45001:2018. Durations are indicative planning values for a DN 150–300 line; terminology

follows the İnkotek operating and maintenance manual for the dual chamber fitting. Read the current edition of every standard cited.
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İnkotek Enerji is an Ankara-based engineering and manufacturing company specialising in differential-pressure flow elements and integrated

metering systems: orifice plates, Venturi tubes, flow and Venturi nozzles, cone and wedge meters, averaging, grid-type and retractable Pitot

assemblies, dual chamber orifice fittings, flow conditioners, meter runs, custody-transfer and fiscal metering skids, and SWAS sampling stations.

Engineering is supported by CFD analysis, high-precision machining, precision welding, post-weld heat treatment, ultrasonic and radiographic

examination and corrosion-protection coatings. Designs are prepared to ISO 5167, AGA Report No. 3 / API MPMS 14.3 and OIML R 140, under a
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power generation, petrochemicals, refining and general process industry.
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