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Auditing of measurement stations is critica to insure proper credit for gas produced and sold. Our
experience has shown that over 3% of monthsaudited on chart measurement stations have problemswhich
result in a measurement adjustment. Return on investment in auditing should be gregter thantwoto one. If
properly ingtaled check measurement exists and is used to select those stations for which afull audit is
performed, the return may beahigh astento one, not including the ongoing cost of the check measurement,
or four tooneincluding such cogs. Thereforefailing to properly audit can result in substantia profit lossfor
your company.

Thereare benefitsto auditing above the direct increasein revenues associ ated with retroactive measurement
adjusments. Verification of your own measurement procedures, identification of certain operationd

problems and correction of conditions which result in poor measurement are among these benefits. Also,
there isthe difficult to quantify effect, that once a problem isidentified in the audit process and corrected,
the same problem does not continuein following months, though it may re-occur. Theremay beareduction

in the number of mistakes occurring after an audit program begins, since no one likes someonedsefinding
their mistakes.

Information Collection: A full measurement audit conssts of severd parts. The firgt is collection of
information. Each of these categories will be discussed more fully later. The necessary information to
conduct a full messurement station audit includes:

1) Contract information concerning measurement and qudity of the gas,

2) Witness meter station test reports (or in their absence meter station test reports by the other

party).
3) The charts for the audited station.

4) The measurement statement for the audited gtation including integration, caculaion and
edtimation information.

5) Gas andyses on the audited station.

6) Check measurement records or line balance information if no check measurement exists. This
includes charts, test reports and anaytical info for the check meter.

7) Station information concerning the conditions of measurement.

8) Any other information which exists concerning the gas measured and the equipment used.

Oncedl of theinformation availableis collected, therest of the audit can begin. | say therest of it, because
if some of thisinformation is not available, this should be documented and procedures corrected so that in



the future, thisinformation is avalable. In the audit we are looking for severd things.
Contract Verification: The fird is, did the origind measurement follow the specified procedures for
measuring the gas as per the contract including the type or equipment used and its operation. These
contract checks include:

1) Was the measurement at the proper base conditions, both Mcf and Btu?

2) Were samples taken and applied properly?

3) Were any adjustments for meter calibration properly applied.

4) Were any estimates made for missing or incorrect data made using the proper method?

5) Were the proper ca culations used?

6) Doesthe equipment used to measure the gas such as samplers, recorders, temperature e ements

etc. meet contract specifications?
If the answer to any of thesethingsisno, then the other party should be notified of thisdiscrepancy. If the
actua procedures followed are in fact agreegble to both parties then the contract should be amended to
reflect this. Otherwise needless lawsuits can result well after thet fact for very little gain. Mog of these
problems can be fixed before they become a matter of litigation.

Measurement Verification: The second thing to look for, isif the measurement is the best that can be
determined from the measurement data. Were proper corrections made for any problemsthat occurredin
the origind measurement such asrecorder cdibration, missng dataor equipment mafunction and werethere
any mistakes made in the origind measurement. Many audits only include this portion of the complete
procedure and thereby missmany of the benefitsof auditing. Therearetwo types of errorswhich can occur
intheorigind measurement a thispoint. Errorsof omisson, whichiswhereaproblem existswhich should
have been corrected and was missed in the original measurement and errors of commission whichiswhere
corrections were made for conditions that in fact were not present, or incorrect corrections were made.
Errors of commission aso include inadvertert mistakes.

These errors may include many different things. Such errors can be broken down by which part of the
measurement process istheir source.  There are errors associated with the primary device (meter tube,
plateand sed ring), the secondary device (recorder, tubing, tap vaves, and manifold), the gasanalyses, the
charts themsdlves, chart processing and integration and data entry and processing.

Primary Element Problems: Problems to look for at the primary element are usualy documented on
meter station ingpection reports.  They include the incorrect plate Sze documented, platesin backwards,
obstructionsin the meter run such as straightening vanes that have pulled loose and lodged against the plate,
plates missing or damaged (dished) and legking fittings or sed rings. Some of these problemswill only be
found on specid tests, not routine tests.  These test are often only conducted once a measurement
discrepancy (of unknown cause) isidentified. Others, such asplatesingtalled backwards or incorrect plate
sze documentation should be caught on aroutine meter test, but only if the plate isinspected. To identify
many of these problems requires check measurement. Such check measurement needs to be acomplete
check measurement station, not just a check recorder, since a check recorder uses the same primary
element and therefore records the same (incorrect) information. Check recorders are useful, just not as
useful as check measurement stations. Other than damaged, backwards or incorrect platesthese problems
require a check measurement station to properly quantify.



Plate Problems. For the plate problems and check measurement station can help in quantifying the
adjustment due, and can identify the period for which theadjusment isdue. Problemsof unknown duration
are generaly adjusted haf way back to the preceding test unless the period can be determined. Check
measurement alowsthe period to be determined, and often the contract will specify that properly recording
check measurement will beused if available asthefirst source of adjustment where the sdlesmeasurement is
inerror. For incorrect plates, the adjustment should be based upon reca culating the sdles meter using the
correct plate size. For backwards platesor damaged plates acomparison between the recorded flow with
aproper plateingtalled and one with the bad plate instalation can be made. If the plateis severdly dished,
or if the flow fluctuates hour to hour, such comparisons may be problemetic. The platein question may be
takento atest location and theratio of the basic orifice coefficient for that plate and the nominal one can be
used. Therefore, severdly damaged plates should be preserved in case such testing is necessary.

If aplate change needs to be made, the audit department should inform the field. Best measurement at a
dationisachieved at the highest operating differentia within range at the sation, dl other thingsbeing equdl.

Sometimes operationa concerns require measurement to be made routinely, lower on the chart, but the
average differential should be maximized, and kept above 30% of the chart rangeif at dl possble. This
appliesto pressure readings aswell, and a pressure range change should be requested if agtation switched
from high to low pressure operations.

Seal Rings and Fittings: Leaking sed rings and fittings are confirmed by blind plate tess.  However,
these tests cannot be used to definitdy quantify the amount of the error. One indicator of the possibility of
such lesksistheuse of Teflon sedl rings. Unlessthefitting is new with aperfect seating surface, Teflon sedl
rings may not seat properly and will usualy lesk. Measurement errors in excess of 20% may result.

Sometimes seating surfaces may be damaged so that even the softer rubber sealswon't seet properly. Since
each time the plate is placed in service it may seat differently, quantifying the magnitude of these errors
without check measurement is not generdly possible; however, fixing the problem id

Finaly, there may be conditions present, which adversely affect measurement at the station, for which no
adjustment can be readily determined. These conditions may be the result of measurement practices or
operation and equipment problems. These problems include, pulsation, improper plate Szing, ongoing
problemswith calibration, the presence of fluid, and differences between check and s es measurement of
unknown cause. Where these problems are identified, they should be pointed out to the operations
department, the meter technicians, etc. so that they can be fixed and will not continue to adversdy affect
measurement.

Liquids: The presence of liquid inthe measurement fittings and taps can cause severe measurement errors.
If only a smdl amount of liquid is present in the orifice fitting, it may not cause a noticesble effect on

mesasurement. |If this same amount of liquid is present in the tap vaves, tubing or manifold, it can cause a
severe mis-measurement. Large amountsof liquid at the station cause problems even if thereisnoneinthe
meter tubing. Where any liquid isroutindy present in the fitting, the meter station configuration should be
checked to make sure there are no possible liquid traps in the meter tubing. This includes horizontd

orientation of the meter tapd! I thetgpsare oriented horizontaly and the gasis not completely dry (without



liquids of any description), then the meter tube should be rolled until these taps or in avertical orientation.
Otherwise 2- 3% measurement errorsarelikely and 10% measurement errorsare not unheard of. In order
to quantify this particular measurement error, aproperly installed and recording check measurement station
must be present, and even then it may not be possibleto get an adjustment, but at |east the ongoing problem
may be rectified.

Pulsation: Pulsation, whichisthe presence of high amplitude sound (pressure) wavesin theflowing gascan
result in subgtantid mis-measurement. Usudly pulsation results in the measurement being high, but not
aways. It has been our experience that greater that ninety percent of the stations where the source of the
pulsation isupstream of the measurement station, the pul sation causes high measurement. Thispercentageis
subgtantialy lower wherethe pul sation sourceis downstream of the measurement.  Pulsation can be caused
by control valvesor smpleturbulence and well as compressors, though anywhere d ow speed reciprocating
compressorsexist, acheck for the presence of pulsation should bemade. Sometimes, indication of possble
pulsationis present on the chart, but not dways. The presence of vibration on the pressure and temperature
pens is often indicative of pulsation especidly if there is aday to night variation in the magnitude of this
vibration. However, such vibration may at timesbe caused by wind or rain, or may be* ground shake” from
by anearby compressor. Therefore the actua presence of pulsation must be confirmed in the field.

One method of confirming the presence of pulsation inthefiddisa“Teap Tex”. Thistest may confirmthe
presence of pulsation but unfortunately cannot confirm its absence. However itisasmpletest and should
berun anytime pulsationissuspected. Thistest consstsof observing the differentid zero on the meter with
themeter equalized and the upstream tap val ve open and downstream tap val ve closed versusthe zero with
both tap vaves closed, and with the downstream tap val ve open and the upstream tap valve closed. If there
is a zero shift, it is confirmation that pulsation exigts at the station and is affecting measurement. Where
pulsation exigts, steps should be taken to eiminate it, as any measurement is uncertain in the presence of
pulsation.

Chart Recorder: Errors can occur at the chart recorder including Clock problems, Cdlibration, Range
goring and Bellows problems, and Meters left wholly or partidly out of service.

Calibration: Generdly the contract specifies how big arecorder cdibration error needsto bein order to
have aretroactive correction made. These correctionsare usualy maderoutinely and correctly and seldom
require an audit adjustment. Such corrections may be made at the time of chart integration by setting the
integrator calibration to correct for the error. Mathematica corrections can aso be made, but need to be
checked since the percent error will depend upon the flowing conditions. Determining how far back to
carry an adjustment may be difficult without a check recorder. If the time that an adjustment should be
made cannot be determined, generally the contract will specify that the adjustment will be made haf way
back to the proceeding meter test. The period for which adifferentia zero needsto be adjusted can often
be determined more closely than this, by observing if the meter properly zerosduring periodsof noflow. In
order for this to be possble, the low differentid stop should be set below the zero line. If the meter is
routinely checked for proper zero when the charts are changed, thiswill diminate many adjustmentsto prior
month periods, and may helpidentify problemsin thefield, such asliquids, pulsation, bad bellows, etc. Such
checks, if they are performed should be recorded and noted on the charts.



Meter Left Out of Service: If the meter isleft completely out of service, it will usudly record zero. The
meter can aso be left partidly out of service, with the equdization valve open. Then ameter will generdly
record flow that looks to be valid but isin fact much lower than the redl volume. This problem generdly
occurs after ameter zero test is performed, the meter is blown down for meter freeze, at a plate change or
at ameter cdibration test. The field technician should make a note on the chart any time this problem is
found and corrected. A check meter isthe best estimate method. A check recorder, especialy one that
shares common taps may aso record low during this period.

Estimatesfor Missing Data: Estimatesfor missng data due to charts damaged or lost, pens not inking,
or stopped clocks can best be made using check measurement. Clock factors or estimates from preceding
and following periods should generaly be used in the absence of check measurement. The question should
be, is an estimate necessary, and if so is the one made reasonable.

Meter Freeze: Meter freezing can result in estimates needing to be made. Meter freezeisthe formation of
natura gashydratesinthe meter tapsand tubing. It can occur any timethe ambient temperatureislessthan
70? F if there is water vapor present in the gas and it is at high pressure. At lower temperatures even
dehydrated low pressure gas may exhibit meter freeze. High temperature of the gas does not prevent meter
freeze and may even contribute to it Since high temperature gas can hold more water vapor. Sincethereis
no flow through the meter leads, they will generdly be close to ambient temperature, regardiess the
temperature of theflowing gas. Meter houses may mitigate this effect, especiadly heated ones, if the hegter is
working.

Meter freeze can usualy be recognized by comparing the check meter to the sales. Both may freeze, but
unlessthe check measurement isarecorder hooked to the sametaps, usudly not a exactly the sametimeor
with the same error. Usudly when ameter freezes, some or dl of the fluctuation in the differential present
when the meter is recording properly, disgppears and the differentia increases steadily to over-range or
decreases steadily until it hitsthe low zero stop. This process usudly beginsin the early evening or early
morning hours. Meter freeze usudly ends suddenly, either when a meter man blows down the meter to
unfreeze it, which should be noted on the chart, or by itself when the temperature rises in the morning.

Sometimes meter freeze will Ao result in the pressure record dropping off dowly dueto pin-holelegksin
the meter leads. If the pressure drops al the way to zero, and the temperature record garts tracing

ambient, then there is a chance that the entire flow line froze and that there is no-flow during this period.
Many times a sudden temperature change is the only indication of this during a period of meter freeze.

With check measurement, meter freeze that was not originaly corrected, may be noticed and correctedin
the audit.

Range Springs, Bellows and Clocks: Recorder malfunction due to broken range springs, bad bellows,
and bad clocks can a so best be corrected for using check measurement. If thereisno check measurement,
then the period of the error will have to be estimated. Mafunctioning clocks are usualy easy to spot using
chart on and off times. They can usudly be estimated using clock factors, (multiplying the recorded volume
by the ratio of the correct time over the recorded time). If thetimefor which the clock was mafunctioning
includes downtime, then the entiretime on the chart should be used, unlessthere arefield recordsindicating
how much actua down time occurred. If the mafunction includes only flowing time, thenonly flowing time



should beused. If the clock stops, and the differential was steady for the missing time, then the differentia
can bedrawniin.

Broken range springs cause the meter to record high, throughout itsrange. Often the meter will over-range
while the range spring is broken. There is usudly a sudden rate change indicated when the range spring
breaks. This, plusan indication on the test report of how high the meter was recording when the broken
goring was found, dlows an estimate to be made for some stations as to how long the problem occurred,
and how much to adjust by. Otherwise, haf way back to the preceding test and using flow during smilar
periods may have to used.

A bad bdlows causes the differentia record to cease responding to changes in flow ether partidly or
completely. The period during which abellowswas bad is may beimpossibleto determine without acheck
meter. Sometimes the differentid stops showing the pesks of its swings, or stops traveling at dl, but
sometimes there is only a subtle effect, until the meter is ranged during cdibration. Therefore the percent
error at the time of the meter test is often not an indication of the amount of the error, Snce the meter test
itself can aggravate the problem.

Other Problemsin the Field: Occasionaly, becausethe auditor islooking at the history of agtation they
may notice an ongoing problem with the calibration of ameter that the meter techniciansfall to observe. If
for ingance the differentia zeroisaways substantialy off when the meter istested and no operation (over-
ranging and under-ranging) causes are present then thismay beindicative of aloose linkage somewherein
the differentid assembly. This should be brought to the attention of the meter tech, the sooner the better.

Findly there are discrepancies between the check and sales measurement for unknown causes. Both
recordersarecdibrated, and al standard causes have been ruled out, yet the two stationsrecord differently
inthefidd. Inthiscasethefield should be contacted to run additiond tests on thetwo metersto identify the
source of the problem. Pulsation tests, lesk tests, blind plate tests, verification of meter specifications,
borescope tests, and if necessary tearing down the meter tubes and re-mic'ing them and testing them for
plate centering may need to be conducted. A check meter does much less good if it is not properly
recording, and the error could just as likely be at the sales meter, or both.

I ntegration and Calculation: Migtakesinintegration, and calculation areamgjor source of errorsfoundin
auditing. Integration errors include not integrating the entire chart, cdibration of the integrator, computer
problems, and failure to follow the chart pattern. Interpretation of banded differentid is addressed asa
separate problem. Dataentry and cdculation problems are adso possible such as incorrect meter ranges,
plate sizes, temperatures, and andytical data. Occasiondly the wrong chart is used. The auditor is more
likely to recognize this problem sincethey generdly see an entire months charts, instead of processing them
as they come in throughout the month. Re-integration and calculation of the sation using the meter te<t,
equipment change reports and andysiswill generdly catch most integration and caculation errors, though
tracking down what exactly iswrong ismore difficult. Errorsin integration are usudly confined to asingle
chart period whereas data entry errors, in the meter set-up info can go on for months a atime.

Gas Composition: Gas andyses affect volume and energy measurement. If anincorrect andysisisused,



depending upon what iswrong with it, the error may be ether high or low. Mog errorsin andyss result
from bad samplestakeninthefidd. Rarely, samplesarelost or switchedinthelab. Duplicate samplescan
be taken, which will identify most of these errors. Along with a historical comparison of samples, these
duplicates can provide asourcefor an adjustment. Historical comparisonsaone, do not dwaysapply. The
gas compadgition can and does change, sometimes drastically with operationd changes. If the sdes
measurement party is using such methods to identify bad samples, they made not useasamplethat isvaid
becauseit lies outsde the bounds of historica gascompostions. On production sdesor plant resdue charts
the auditor may aso have accessto operationa information indicating that the gas composition should have
changed. One posshility isthat the origind party did not use asample, assuming that it wasbad, whenin
fact the gas composition had changed.

Error in gassampling usualy consist of high nitrogen duetoimproper purging of the sampleloop and bottle,
high“heavies’ dueto liquid trgpped in the samplebattle, low “heavies’ dueto fractionation of thegasduring
sampling, loss of thesample, and failureto properly obtain acomposite sampleresulting in the samplebeing
more of a spot sample. In this last casg, if two bottles are hooked to the same sampler, both will be
incorrect. “Heavies’ refersto the higher carbon number hydrocarbons: butanes, pentanesand hexanesplus
in the sample which have a higher specific gravity (heavier) and higher heating vaue.

If the sample contains high nitrogen dueto air included in the bottle, the specific gravity will dso generdly be
too high. Thisresultsinalow Mcf being caculated and alow Btu factor, thereby amuch lower MMBtu. If
the samplehashigh“heavies’, it will generdly result inalower Mcf dueto the higher gravity of thegasand a
higher MMBtu due to the higher Btu factor. Thisis not dways the case. For certain conditions, (high
pressure and low temperature) the caculated volume may actudly increase with increase in gravity and
therefore the MMBtu will doubly increase. Low “heavies’ generdly result in ahigher volume and lower
MMBTU. Improper composite sampling may result in ether high or low measurement depending upon
how the gas composition changed during the sample period.

Interpretation of Integration: The final and biggest source of adjusments in chart auditing is
interpretation of integration. This is where the incorrect average differentid is used on charts where the
differentia fluctuation creates aband. The AGA part No. 5 put out by the transmission and didtribution
committee suggests the use of fast clock test and other information to properly interpret wide band
differentids, and only in their absence using the average of the flow & the top and the bottom of the band.
This assumption which assumes that the differentid is ether at the top or the bottom spending 50% of the
time a each may be reasonable for those patterns caused by a unit cycling on and off, but is the lowest
volumefor dl patterns where the average differentid is at 50% of the band. If theaveragedifferentid isa
50% of the band, and spends any time between the high and low differentia extremes, then the volumeis
higher than that cdculated using this assumption.

The average differentid in a band may be sgnificantly higher or lower than 50% of the band. Without
testing, the correct percentage to integrate a banded differential cannot be determined. Fast clocks tests
give at least a gpot reading of what is reasonable for a given dtation, but if the problem is severe, the
ingtalation of aEGM recorder at either check or sdlesmay be the best method to resolve the discrepancy.
Such ameter may be used on atemporary basis to establish what the long term average should be, if the
delivery does not justify the expense of apermanent EGM recorder. Though somewould arguethat afast



clock isonly accurate for the period during which the test is performed, at leest it isred data. Using any
(often sdIf serving) standard percentageisarank guess. Any fixed percentage of the band isnot correct in
someingtances, snceeventhe AGA part 5 method varies between 25% of the band and 50% of the band.

Sometimes smple equipment or operationa changes may greetly decrease the problem of banding

differentids. Using athrottling dump valverather than asngp acting valveis one possible change. Thismay
not be possible however, if measurement of the liquids from different separators using turbinesis being
done. Thethrottled flow of the liquids may be too low to measure through such meters, and the pressure
drop acrossthe valve may cause flashing. Gas measurement may thereby have to suffer a the expense of
good liquid measurement.

Some dations may have no solution, though steps may be taken to get better measurement, good
measurement may be impossible. The primary example of this is well sdes where the wells are on an

intermitter. Chart measurement on these Sations is problematic. The production goes from zero to 100
percent of the chart and back to zero or dmost zeroin atimethat usually isnot resolved on the chart. One
possible solution is the use of fast-dow clocks, which turnat amuch higher ratefor thefirst quarter of their
rotation. However, these clocks may not offer enough resolution. If the period of thefast clock islessthan
the time between kicks, this may result in worse, not better measurement. If the flow is worth 24 hour
clocks and their associated expense (chart changing or automatic chart changers and their problems) then
thismay sometimesbeasolution. Even so, some of these stations have peak flow for lessthan ten minutes
a atime and much of the flow may be during the tail off period where the differentid isto low for good
measurement using a plate designed for maximum flow. Electronics may or may not give better

measurement, depending upon theratio of the flow during the pesk to that during thetal. The EGM’slow
zero cut off may create more error than its more exact measurement of thekick eliminates. Such judgements
need to be made on a case by case basis. Sometimes many such stations may be combined into one
gathering point and that common points measurement used, but the cost of thismay be prohibitive. The only
saving grace on intermitter sations is that reaively spesking they do not have much gas.  If the well

produced alot of gas, it would be capable of lifting itself without usng the intermitter. Intermittent flow on
the didtribution sde is another matter, and may require dual meter runs with orifice and turbine or postive
displacement measurement. Even then, problems may occur with run switching.

Requests for adjustments due to discrepancies should identify the source of the error and arecommended
resolution. We have found that properly identifying the source of the error goes along way in getting the
other party to agreeto an adjustment. One benefit of routine auditing and proper communication isthat on-
going problems are identified and diminated o that retroactive adjusments are minimized. Of course
without any auditing, retroactive adjusments are often absent but thisis adifferent problem. Elimination of
on-going problems plus operationa changesto obtain better measurement are avita and often overlooked
benefit that proper and complete auditing can help achieve. Requests for equipment and operationa

changes should be made to the appropriate field personnel. Without checking the measurement, you can
never be sure you are getting the proper credit for your gas ddliveries or paying the right amount for your
gasrecepts.



