In situ calibration of large water meters
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Abstract

The establishment of a flow reference standard for the cost-effectitacalibration of large in-line water meters consists of the
combined accuracy of point velocity measurements within pipes, a velocity-area method and a velocity-profile function.

Tests were carried out in compliance with the requirements of international standards relating to large water meters. Velocity
profiles were measured within pipe sections of 250, 300, 400, 500, 600 and 800 mm dia. and compared to the flow measured by
Eskom’s Flow Laboratory. This flow laboratory has a best measurement capability of 0,1% uncertainty for the 95% confidence leve
as accredited by the National Laboratory Accreditation Service (NLA).

The physical dimensions of the pipes dictated at which position the turbine insertion meter should be placed within the pipe in
accordance with the log-linear method adopted for this research. This resulted in the need to calculate the velocit@paear the
wall within pipes smaller than 700 mm dia. using a first approximation of the ratio of point velocity nearest the pipthevall to
maximum (centre line) velocity. Second approximations of these velocities were derived using the actual position of mean axial
velocity and revised constants for the modified Pao equation for each profile, only if the first approximation indicate® a posi
error.

Flow tests carried out on the 800 mm dia. pipeline were used as a control because all the velocity measuring points dictated by
the log-linear method could be reached with the turbine insertion meter. This control exercise was used to establisis the meter’
calibration factor (K) for the other tests on the 300, 400, 500 and 600 mm dia. pipelines. Another turbine insertion oseter was
for flow tests on the 250 mm dia. pipeline and the manufacturer’s calibration factor (K) was applied.

Results of this research indicate that the method fointhitu calibration of large water meters can achieve accuracies that
comply with relevant standards; however, practical limitations of the meters’ performance and the limitations of the hydraulic
system in which they are installed could restrict the flow range over which they can be tested/calibrated.

The recommendation is that the flow reference standard consisting of insertion flow meter measurements, a velocity-area
method and a velocity-profile function detailed in this report be adopted as an accepted test methoddibu tadibration of
large water meters.

Introduction with the aid of an iterative process that included the modified Pao
equation and actual point velocity measurements.
The Water Research Commission (WRC) appointed Stewart Flows determined by means of these velocity profile meas-
Scott (CE) Inc. to undertake research to establish a flow referena@ments were compared to those established by Eskom’s Flow
standard for the cost effective situ calibration of large water Laboratory, which has been accredited by the National Labora-
meters required for water audits and other test purposes. Ttosy Accreditation Service (NLA). Test sections varied in diam-
flow reference standard can be used to establish the accuracetef from 250 mm to 800 mm in order to comply with the above-
permanently installed water meters by means of regular on-siteentioned standards. A comprehensive background to this re-
comparisons to ensure that these meters remain within the limésarch is provided in Johnson (1995). This research project is
of accuracy prescribed by local and international standards essentially as a result of the recommendations of that paper.
This research established the accuracy of a flow reference
standard consisting of the combined accuracy of insertion poiktow laboratory
velocity measurements, a velocity-area method and a velocity -
profile function which can be effectively applied in the fieldThe Eskom Flow Laboratory used for this research project has
through the insertion of a velocity probe into a common pipelinkeen accredited to measure flow rates in closed conduits for a
in which a permanent large water meter has been installed. flow range of 20 to 1208s. The total accuracy of the installation
Flow tests were carried out in compliance with the requirés 0.1% of flow rate. This gravimetric flow laboratory can
ments of the specifications relating to large water meters suchaommodate piping from 150 to 1 000 mm dia. A constant
the International Standard 1SO4064 (1993) and possible futuneter flow rate is provided either from a constant-head tower (at
parts of the South African Standard SABS 1529 (1994). Velocitpwer flow rates) or by direct pumping from a constant-head
profiles were measured within various pipe sections by meansrekervoir (at higher flow rates). The flow passes through the
a single traverse of an insertion flow meter at the depths deteneter under test and then through a control valve and into the
mined by the relatively more accurate log-linear velocity-arediverter chute. The diverter changes the flow stream into the
method, with missing values (i.e. near the pipe wall) establisheekigh tank in 0.1 s without causing any upstream disturbances.
The weigh tank has a 200 t capacity and stands on four calibrated
load cells. When sufficient water has been diverted to the tank,
@& (012) 347-1018; fax (012) 347-7379; e-mail edgar@ssi.co.za the flow stream is returned to the normal direction, where it

Received 17 August 1998; accepted in revised form 27 November 19985charges into an open channel and returns to a make-up
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Figure 1
Schematic layout of the laboratory

A4

TABLE 1
CLASS/VELOCITY MATRIX IN COMPLIANCE WITH ISO 4064 (1993)
Flow Velocity @ |Velocity @
range permanent overload
points* ClassC ClassB Class A flow flow
Uin (0.006 qp) (0.03 qp) (0.08 qp) Allclasses |Allclasses
q, ClassC ClassB ClassA
(0.015q,) (0.20q,) (0.3q,)
Y R
a, as
Dia. (mm)
250 0.0136 0.0340 0.068 0.1811 0.4527 0.6791 2.263b 4.52[0
300 0.0141 0.0354 0.071 0.1886 0.4716 0.7074 2.3579 4.7158
400 0.0133 0.0332 0.066 0.1768 0.4421 0.6632 2.2106 4.4210
500 0.0127 0.0318 0.064 0.1698 0.4244 0.6366 2.1221 4.2442
600 0.0147 0.0368 0.0737 0.1965 0.4912 0.7368 2.45611 4.91p2
800 0.0133 0.0332 0.066 0.1768 0.4421 0.6632 2.210b 4.4210
*Note: Q,,= minimum flow rate Water meter metrological classes

g, = transitional flow rate Class A: Value of 6=0.08 g Value of q=0.3

g, = permanent flow rate Class B: Value of ¢0.03 g Value of q=0.2

g, = overload flow rate Class C: Value of g=0.006 g Value of g=0.015 ¢

reservoir. A schematic layout of the laboratory situated dlow standards and ranges for large water
Rosherville, Johannesburg is given in Fig. 1. meters
The quantity of water collected is obtained from the tank

weight before and after the diversion period. The time period Water meters have a flow range over which they have been

obtained from a digital timer which is activated by sensing unitdesigned to operate; from their minimum flow rate, joup to

attached to the diverter chute. their maximum or overload flow rate Jq

* 0, is the lowest flow rate at which the meter is required to

give indications within the permissible tolerance and is
specified as a ratio of the permanent flow ragef(q various
metrological classes of water meters.
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TABLE 2
METHOD-ACCURACY COMPARISON

Method Log-linear Tangential

Traverse points per diameter 6 10 6 1

% Error -0.24 -0.15 +1.03 +0.56
SD (%) +0.171 +0.107 +0.245 +0.1Q7
Accuracy @ 95% Conf. (%) +0.367 +0.242 +0.554 +0.242

SD: Standard deviation

*q is the flow rate for which the meter is designed and at whidh Table 2 indicates that six velocity measurements per traverse
the meter is required to give indications within the permissif the diameter should achieve an accuracy of £0.4% for the 95%
ble tolerance under normal conditions of use. confidence level. (i.e. the accuracy of a six-measuring-point log-

* q,isthe rate that is equal top&md also represents the highestinear method is 8€.4%).
flow rate at which the meter is required to operate in a
satisfactory manner for a short period of time without deteridResearch equipment, methodology and findings
ration. This short period of time is specified by some manu-
facturers as 24 h in the life of the meter. Turbine insertion flow meters

+ Between g, and ¢, a transitional flow rate (gis specified
dividing the flow range into two separate permissible tolerThe insertion flow meters used for this project were turbine

ance zones. insertion meters that provide a frequency output proportional to
* (¢, is also specified as a ratio opf fipr various metrological the velocity of the flowing water. The measuring head consists of
classes of water meters. a small turbine of 32 mm dia. mounted in a cage together with a

magnetic pick-up that is used to count the turbine blade’s
International Standards 1SO 4064 (1993) specify the flow faevolutions. The manufacturer provided two of these meters for
each nominal diameter and for each point on the flow range. Ttigs project. It is important to note that this research is aimed at
velocities for the various diameters, flow range points andstablishing a standard test method and not at establishing the
metrological classes are given in Table 1. accuracy of the meter tygeer se although in order to establish
Practitioners involved with the testing of large water meterthe overall accuracy of the measurements, the accuracy of the
on permanent test facilities generally do not test electroniveters also needed to be established. The measuring head is
water meters below 0.1 m/s and mechanical water meters belowunted on the end of a retractable probe, which is inserted
0.3 m/s, although Class B and C meters are specified to meastim@ugh a 45 mm dia. access tee and isolating valve into the
much lower velocities as indicated in Table 1. pipeline operating under normal conditions. The exact dimen-
The relevance of these findings to this research is that it wousibns of the meter, the access tee, valve, as well as the internal and
be practical to undertake situ calibration of in-line flow meters external pipe diameters were established in order to insert the
over the flow range from dor Class B meters up tq gs site centre of the turbine to the positions prescribed by the log-linear
testing would not necessarily achieve the high performaneeethod. External measurement reference points on the meter’s

standards of a permanent test facility. probe were used in conjunction with a steel measuring rule (that
had a resolution of 0.5 mm), to establish the prescribed depths of
The log-linear velocity-area method penetration. In accordance with the British Standard BS1042

(Section 2.2, 1983) the diameter of the turbine dictates the

Velocity-area methods require that the velocity sensor should benimum pipe diameter within which the velocity profile can be
inserted at predetermined points across the flow plane for theeasured which, in this case is 300 mm.
measurement of the local velocity. The mean of these local A Certificate of Calibration provided by Eskom’s Flow
velocities is the average (or mean axial velocity) of the water flowaboratory for each flow test included the measured meter
in the pipe. Previous overseas research examined and mentiofieduency for each insertion depth.
in the paper by Johnson (1995), shows that the greater the numberThe further the probe is inserted into the pipe the greater is the
of measuring points per traverse the more accurate the flawea of pipe blocked, causing a greater velocity of the water
determination for that method. It was, however, found that thgassing through the remaining unrestricted area. In order to
log-linear method is more efficient in its application as it requiregstablish the actual point velocity each velocity measurement
fewer measuring points to achieve accuracies better than otleas corrected by means of blockage and velocity factors that
velocity-area methods with a greater number of measuring pointssed a ratio of areas to correct these local velocities. These
Another important aspect of the aforementioned overseas i@rrections were made during the analysis of the data as given in
search is that it emphasised the relative accuracy of the variodgpendix A.
velocity-area methods rather than the overall accuracy of the Initial flow results as well as examination of the turbine
measurement as in this project. indicated problems with ‘sticking’ of the turbine at the lower

Six velocity measurement positions (defined by the logvelocities The turbine cage was stripped and hair-like fibres were
linear method), per traverse across the pipe diameter wdoeind to be fouling the turbine’s small bearings. In an attempt to
selected for this project. Analysis of Salami’'s (1971) data giveminimise the effect of this problem on the results of this research
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Figure 2
Test results
TABLE 3
SUMMARY OF RESULTS
Nominal Internal Percentage difference in measured flow to
dia. (mm) dia. (mm) laboratory flow standard
% @ q, %@qp % @ q, Mean
difference (%)
800 793.0 -3.111 -0.174 1.044 -0.7471
600 597.8 -6.305 -0.435 1.137 -1.8677
500 492.3 -0.336 -0.517 -5.455 -2.1027
400 396.0 -3.496 -0.533 -3.329 -2.4527
300 306.06 -1.168 -1.959 0.447 -0.8933
250 257.8 -16.344* -1.333 0.494 -0.4195
Mean -2.8833 -0.8252 -0.9436 -1.4723
SD 2.322 0.6782 2.7686 2.1842
Student’s t 2.7765 2.5706 2.5706 2.1199
Accuracy (%) 6.447 1.743 7.117 4.630
* Notes: Outlier and therefore, omitted from further analysis.

the meter (N0.30193/90) was only used for the measurementsdiatated by the log-linear velocity area method. Two additional
the 250 mm dia. pipeline and was not used again. point velocity measurements were taken and these were at the
Meter No. 31901/96 was used for measuring flows on the 30€entre line of the pipe and at a rough approximation of the depth
400, 500, 600 and 800 mm dia. pipelines. This meter was aleb the mean axial velocity as described in previous research
stripped, oiled and its bearings cleaned by removing hair-likdohnson, 1995). The reason for taking these two additional
fibres. As all the measuring points could be measured on the 8@€locity measurements was that they facilitate the process of
mm dia. pipe these flow tests were used to establish the meter&ablishing revised constants for the modified Pao equation in

calibration (K) factor. (Seédppendix Al). order to establish an approximation for velocity measurements of
the inaccessible measurement positions on the pipes smaller than
Methodology 700 mm dia. Greater details of the velocity profile function

known as the modified Pao equation are provided in Johnson
As previously mentioned the aim was to measure the six positioJ995) where it is noted that the equation is independent of
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temperature changes. Although this research was conductedfiefd at a predetermined time, flow tests could be practically
horizontal pipes it is applicable to pipes installed on a slopsonducted only in the region of the in-line meter’'suad g
because the geometry of the velocity profile is related to the Itis interesting to note that the South African Standard SABS
roughness of the inside pipe wall and Reynolds number and rid29-1 (1994) allows for the verification of used water meters
the gradient of the pipger se The relevant criteria are that the (not exceeding 100 mm dia.) when tested in the installation in
probe is inserted perpendicular to the flow stream and within thehich they are used in trade af @, and g The permissible
tolerances dictated by the British Standard BS1042 (Section 2&erances given by SABS 1529-1 (1994) for these tests are 8%
1983). for flow rates less thanand 3,5% for flow rates not less than q
The access point was situated at a position between 18 andT3&se specifications would need modifying to be relevant for
diameters of straight length of pipeline downstream from anfyture Parts of SABS 1529 applicable to water meters larger than
turbulence-causing devices such as 90° bends and tapers. THE® mm dia. because of the previous observation tham thieu
positions were indicated on the Calibration Certificates provide@sting cannot necessarily replicate the performance standards of
by Eskom. a permanent test facility.
Where possible flow tests were conductedt,ampcand qbut
not at . because of the extremely low velocitigsaccordance Practical application of site calibration and site
with International Standards 1SO4064 (1983) tests were cotesting
ducted within 10% of these specified flow rates.
The practical application of the situ calibration of large flow
Research findings meters will require the organisations offering this service to be
accredited for site calibration and site testing by an agency such
Analysis of the results for the tests carried out on the 800 mm d&s the NLA if there is to be any credibility in the field tests as well
pipeline and for the velocity range of 0.4654 to 2.1455 m/s was to ensure traceability.
used to establish the meter’s calibration constant of 113.2170 The United Kingdom Accreditation Service (UKAS) has
pulses/m. As Eskom’s Flow Laboratory has NLA accreditatiopublished theNAMAS M18 Accreditation for Site Calibration
for a maximum flow of 1 20@s, q for an 800 mm dia. pipeline and Site Testing -Assessment Procedures and Criteria of Compe-
with a flow rate of 2 222.2s could not be reached. However, twotence(1996). This publication details the various site calibration/
flow tests were carried out af tseeAppendix Al). testing categories together with their respective criteria and
The calibration factor (K) was then applied to all flow tests foassessment procedures. Site calibration or testing performed on
the 300 mm, 400 mm, 500 mm, 600 mm and 800 mm diaite by organisations (or individuals) that do not have a permanent
pipelines. The calibration factor originally provided with thecalibration or testing laboratory (Category IlI) may perform
turbine meter by the manufacturer and used for flow tests on tbalibration or testing according to the following methods:
250 mm dia. pipeline was adopted. However, because of the
problems encountered with the turbine ‘sticking’ at low flowss using portable calibration or testing equipment;
the results from the g test were considered an outlier ande in a site laboratory;
omitted from further analysis. ¢ in a mobile laboratory; or
Analysis of the data for the flow tests on the 800 mm dia. using equipment from a mobile or site laboratory.
pipeline included the establishment of the ratios of each point
velocity to the maximum (centre line) velocity. The means o€riteria of competence to be met by applicants for accreditation
these ratios nearest the pipe wall were then used to establish a fitslude aspects such as keeping and maintaining a quality manual;
approximation of these velocities for the pipes smaller than tltcumented detailed procedures that are available for regular
800 mm dia. pipe. auditing; ensuring staff are properly trained and competent;
The position of mean axial velocity as well as the constanfgocedures for operating, maintaining and calibrating of equip-
for the modified Pao equation were established for every velocitgent used; the holding of reference standards; having calibration/
profile measured. Where necessary these derived constants west procedures; maintenance of a record system as well as the
used to establish a second approximation of the velocities near tbquirements for test results and issuing of certificates.
pipe wall (i.e. if the percentage error for the first approximation The flow range over which the water meter can be calibrated/
of flow determination was positive). tested in the field is limited by practical limitations such as the
The percentage difference in the flow measured by the Flomaximum operating capacity of the hydraulic system at the time
Laboratory and that derived from the velocity profiles wasf testing and the ability of the system to be throttled to the lower
established for each flow test. (S&ppendices A2 to AJ. A flows without interrupting the supply.
summary of these results is given in Table 3 and Fig. 2. Other types of insertion flow meters with smaller measuring
Examination of these results indicates that the mean perceheads would be able to measure at the velocity measurement
age difference for all the tests is —1.4623%, which translates to pasitions near the pipe wall on pipes smaller than 700 mm dia. and
accuracy of +4.630% (i.e. SBStudent’s t). The best result at athereby possibly achieve an improvement in the accuracy of the
particular flow rate for all the pipe sizes was that for thenethod.
permanent flow rate (with an accuracy of +1.743%.
When undertaking flow tests in the field with the pipelineConclusion and recommendations
operating under normal conditions the flow within the pipe will
rarely be at one of the prescribed flow rates for testing. Probabiyiein situ calibration of large in-line water meters with the aid
the best situation fan situtestingwould require a throttling of of a portable insertion flow meter can achieve accuracies that
a valve on the pipeline to achieve the desired flow rate so th@mply with relevant standards. However, practical limitations
there would be minimum interference with the supply. As ibf the meter's performance and the limitations of the hydraulic
probably would be very unlikely thag gould be achieved in the system in which they are installed could restrict the flow range
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over which they can be tested/calibrated, to betwmnttg. The The following organisations also assisted with equipment:
findings of this project are, that when testing aigand qfor - BEP Bestobell South Africa
diameters 250, 300, 400, 500, 600 and 800 mm, accuracies-of KDG Mobrey Limited UK
better than +5% were achieved. Tests carried ouptfmrqall the The service provided by Eskom’s TRI Flow Laboratory is also
pipe diameters achieved accuracies of better than +2%. gratefully acknowledged.

It is therefore recommended that the flow reference standard
consisting of insertion flow meter measurements, a velocity-aréeferences
method and a velocity profile function detailed in this report be
adopted as an accepted test method foirttsitu calibration of BRITISH STANDARDS INSTITUTION BS1042 (1983jeasurement of
large water meters. The following specific aspects are also Fluid Flow in Closed Conduits. Part 2 Velocity Area Methods.
recommended: Section 2.1 Method using Pitot static tubes.

Section 2.2 Method of measurement of velocity of one point of a

conduit of circular cross section.

« The flow range over which the tests/calibrations are carriqﬂlTERNATIONAL ORGANISATION FOR STANDARDISATION
out should correspond with the performance capabilities 0f ' (1993) Measurement of Water flow in Closed Conduits Meters for

the portable meter adopted forsitu testing and the limita- Cold Potable Water (ISO 4064) Part 1 : Specifications.

tions of the hydraulic system in which the tests are conductafiTERNATIONAL ORGANISATION FOR STANDARDISATION
which, would generally be from gp to the water meter’s q (1978) Measurement of Water flow in Closed Conduits Meters for
as defined by 1SO 4064 (1993). Cold Potable Water (ISO 4064) Part 2: Installation Requirements

« The organisation or individual carrying out such site testingNTERNATIONAL ORGANISATION FOR STANDARDISATION

calibration should be accredited by NLA in a manner similar ~ (1983) Measurement of Water flow in Closed Conduits Meters for
to that detailed in the UKAS NAMAS M18 manual (1996) to Cold Potable Water (ISO 4064) Part 3: Test Methods and Equipment.

id h . JOHNSON EH (1995) Field evaluation of large in-line flow metéfater
provide such a service. SA21(2)131-137.

+ Future parts of SABS 1529 (1994) applicable to water metegs\ ami LA (1971) Errors in the velocity-area method of measuring
larger than 100 mm dia. should incorporate the recommenda- asymmetric flows in circular pipes. In: Clayton CG (elddern

tions of this research. Development in Flow MeasuremerReter Perregrins Ltd.
SOUTH AFRICAN STANDARD SPECIFICATION SABS 1529-1 (1994)
Acknowledgements Water Meters for Cold Potable Water. Part 1: Metrological Charac-
teristics of Mechanical Water Meters of Nominal Bore not Exceeding

100 mm.

The research results detailed in this report are the result ofUﬂ”TED KINGDOM ACCREDITATION SERVICE (1996NAMAS M18
project funded by the WRC, entitlédl situ calibration of large Accreditation for Site Calibration and Site Testing -Assessment Proce-

water meters (Report No. 871/1/98) dures and Criteria of Competengen. 2).
The financing of the project by the WRC is gratefully

acknowledged.
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In situ calibration of large water meters

Appendix Al

Determination of constants and calibration factors

Reference Reference Pipe dia. Depth of  |Distance from| Measured Blockage Velocity Adjusted Turbine meter| Point Position of Constant A | Constant B Position of Ratio of P?sgﬁn?;x
flow(m¥/s) |mean vel(m/s)| meter(mm) | top pipe wall |[frequency(Hz) factor factor frequency(Hz) K factor velocity mean vel. mean vel:dia.| Pt vel:mean
0.16742 0.3390 793 145.8 25.46 32.15 0.2207 1.0022 32.0790 0.2924 0.8627 0.7873
227.3 106.98 38.64 0.6306 1.0063 38.3963 0.3500 91.33 0.1503 0.1152 1.0326 0.9423
262.2 141.95 39.71 0.8076 1.0081 39.3893 0.3591 1.0593 0.9667
374.6 254.32 43.03 1.3764 1.0140 42.4377 0.3869 1.1413 1.0415
516.8 396.50 41.62 2.0961 1.0214 40.7476 0.3715 1.0958 1.0000
659.0 538.68 42.43 2.8158 1.0290 41.2353 0.3759 1.1090 1.0120
806.3 686.02 39.34 3.5616 1.0369 37.9389 0.3459 98.09 0.1580 0.1237 1.0203 0.9311
887.8 767.54 32.30 3.9742 1.0414 31.0163 0.2828 0.8341 0.7612
109.6943 0.3390 1.0958
0.229862 0.4654 145.8 25.46 45.24 0.2207 1.0022 45.1401 0.3994 0.8582 0.7748
227.3 106.98 54.84 0.6306 1.0063 54.4942 0.4822 90.47 0.1678 0.1141 1.0360 0.9353
262.2 141.95 55.13 0.8076 1.0081 54.6848 0.4839 1.0396 0.9386
374.6 254.32 59.62 1.3764 1.0140 58.7994 0.5203 1.1179 1.0092
516.8 396.50 59.51 2.0961 1.0214 58.2626 0.5155 1.1077 1.0000
659.0 538.68 59.15 2.8158 1.0290 57.4845 0.5086 1.0929 0.9866
806.3 686.02 55.19 3.5616 1.0369 53.2244 0.4709 99.45 0.1792 0.1254 1.0119 0.9135
887.8 767.54 48.38 3.9742 1.0414 46.4573 0.4111 0.8832 0.7974
113.0198 0.4654 1.1077
1.059677 2.1455 145.8 25.46 215.67 0.2207 1.0022 215.1939 1.8811 0.8767 0.7805
227.3 106.98 249.97 0.6306 1.0063 248.3938 2.1713 99.75 0.2057 0.1258 1.0120 0.9009
262.2 141.95 262.48 0.8076 1.0081 260.3602 2.2759 1.0608 0.9443
374.6 254.32 277.11 1.3764 1.0140 273.2959 2.3890 1.1135 0.9913
516.8 396.50 281.61 2.0961 1.0214 275.7072 2.4100 1.1233 1.0000
659.0 538.68 276.69 2.8158 1.0290 268.8990 2.3505 1.0955 0.9753
806.3 686.02 259.63 3.5616 1.0369 250.3830 2.1887 95.09 0.1988 0.1199 1.0201 0.9081
887.8 767.54 225.49 3.9742 1.0414 216.5285 1.8927 0.8822 0.7854
114.3995 2.1455 1.1233
1.0588 2.1438 145.8 25.46 206.15 0.2207 1.0022 205.6949 1.8328 0.8549 0.7514
227.3 106.98 250.10 0.6306 1.0063 248.5229 2.2144 91.89 0.2171 0.1159 1.0329 0.9078
262.2 141.95 25646 0.8076 1.0081 25438.8848 226.6639 105.7316 92.9244
374.6 254.32 275.82 1.3764 1.0140 272.0237 2.4238 1.1306 0.9937
516.8 396.50 279.62 2.0961 1.0214 273.7589 2.4392 1.1378 1.0000
659.0 538.68 278.43 2.8158 1.0290 270.5900 2.4110 1.1247 0.9884
806.3 686.02 246.91 3.5616 1.0369 238.1161 2.1216 116.23 0.2586 0.1466 0.9897 0.8698
887.8 767.54 217.28 3.9742 1.0414 208.6448 1.8591 0.8672 0.7621
112.2317 2.1438 1.1378
MEAN FACTOR : 113.2170 TOP PROF. 1.1161 0.1852 0.1177 0.8631 0.8183
STD DEVIATION: 1.0972 3.182449291 | TOP PROF. 0.0183 0.0314 0.0054 0.0096 0.0997
NUMBER OF VAL: 3 4 4 4
BOT PROF. 0.1987 0.1289 0.8667 0.7765
BOT PROF. 0.0433 0.0120 0.0229 0.0178
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