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UNCERTAINTY OF THE MEASUREMENT OF LEVEL AND FLOW
USING EHP-TEKNIIKKA MEASUREMENT SYSTEM

This paper describes an uncertainty evaluation for the measurement of water level and flow at small rivers,
channels, ditches and wells all-year-round in field conditions using EHP-TEKNIKKA Measurement Systems. The
EHP-TEKNIKKA Measurement Systems can be used in the different areas such as mining, water supply and water
discharge, energy sector, forestry, pulp and paper, fishery and agriculture. The uncertainty of measurements must
be quantified and considered in order to prove conformance with specifications and make other meaningful com-
parisons based on measurements. Type A uncertainties were obtained from repeatability study of the calibration
process, a repeatability study of the real-time monitoring process and a system stability test. Type B uncertainties
were obtained from calibration certificates and estimates.
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Introduction

The measurement of water level and flow are im-
portant for real-time monitoring system and are increas-
ing interests for the optimization of water consumption.
For example when measurement result used such
branches of business, where it is necessary to measure
the amount and quality of water in the field conditions
as well as in changeable conditions.

The result of measurement is always an estimate of
true value with some degree of uncertainty. A number
of standards are references within this work; The Guide
to the Expression of Uncertainty in Measurement
(GUM) [1] defines uncertainty evaluation within the
metrology community; ISO 5725 [2] defines accuracy
(trueness and precision) and etc.

Components of uncertainty for different factors
are classified as Type A obtained by statistical analy-
sis of a series of observations or Type B obtained by
other means. Regardless of classification all compo-
nents are modeled by probability distributions quanti-
fied by  their variance and combined to give a total
uncertainty. The total uncertainty is multiplied by a
coverage factor to give bounds to the possible range
of values within which the true value may lie, at a
given confidence level. This is known as the ex-
panded uncertainty [3].

This paper describes an uncertainty evaluation for
the measurement of water level and flow at small riv-
ers, channels, ditches and wells all-year-round in field
conditions using EHP-TEKNIKKA Measurement Sys-
tems.

Previous works considering such an approach has
been focused on the estimation of the measurements’
uncertainty of technological process and productions
or investigate research laboratory while this paper pre-
sents the results of practical using this methods.

1. Monitoring water flow in small rivers

1.1. Measurement Method

EHP-Tekniikka Ltd. has developed technical solu-
tion, which offer possibility for automatic wireless on-
line monitoring of water flow at small rivers, channels,
ditches and wells all-year-round in field conditions. The
solution is based on the monitoring of water level by
water level sensor and field measurements of the dimen-
sions of river bed and velocity of water.

The solution has been specially developed for field
conditions in the following areas: mining, water supply
and water discharge, energy sector, forestry, pulp and
paper, fishery and agriculture [4].

The water flow is calculated automatically accord-
ing to the data collected by the water level sensor and
previously recorded measurements of river, channel,
ditch or basin bed and velocity of water. By installing
the system to any open water source it’s possible to
monitor the water quality on-line, continuously and in
real time, whereas the data is transferred to single pc,
automated system or Internet. System provides the pos-
sibility to send water flow alarms via sms-messages to a
designated telephone number.

1.2. Measurement of water level

During the time of preparation for level measure-
ment consist on calibration of the pressure transducer
relative indications tape measure.

The zero level is assumed to be closest to the bot-
tom of a small river, channel, deep ditches or the top of
the protective well of the sensor of the pressure trans-
mitter. The liquid level is measured first, then a tape
measure pressure transducer.

A picture of the installation of the pressure trans-
mitter can be seen on fig. 1.

The reading of the transmitter is calibrated in ac-
cordance with the values of the tape measure in the
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reading of the transmitter is corrected H,, then H; can be The level measurements are made to determine wa-
estimated using equation (1). ter-surface area of the section Fg and f; its compartments
H, =H,-H,. (1)  and the disposition can be seen on fig. 2, section 2-2.
) level fluid
sensor H, H
0 bottom of river/

] H2 > o chanel/ ditches

Fig. 1. The scheme of installation of the pressure transmitter relative
to the bottom of a river, channel or deep ditches
(Ho — the height of the liquid level measured by tape measure;
H; — the height of the liquid level measured by the pressure transducer;
H, — is the height of pressure transducer above the bottom of the protective well)
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Fig. 2. An example of installation of the monitoring station "ERR-Tekniikka"
in the river, channel or deep ditches (begin)
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Fig. 2. An example of installation of the monitoring station "ERR-Tekniikka"
in the river, channel or deep ditches (end)

The area of the water flow is determined by the
equation (2), and section water flow f using (3).
Nf

Fp =Zs:l §?

f, = 0,5~(hi +h;y )'bi,i+1 .
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In each speed vertical should be measured the flow
velocity of water at different depths: first — the bottom;
80 %; 60 %; 20 % of the total water level and the water
surface (see fig. 2, section 1-1). Each length measure-

ments of flow velocity should be carry out at a point not
less than 100 seconds.

The calculation of average vertical speed of the
flow is carried out according to spot measurements of
speed based on the different equations depends on the
number of measurement results.

The measured water flow rate and the liquid level
is made in the system software, build the curve of de-
pendence of consumption from water level, derive the
equation of this dependence (fig. 3).

&0
¥ =0,0005x%" + 0,0872% - 04096 .
70 2
o0 =
50 ;
40 % =4
0 /y =
¢ o
2 )_f/ =
10 ,/0’/ 2
0
water level

Fig. 3. The calibration dependence
of water flow rate from water level

The processing of the measurement results is car-
ried out automatically with a predetermined frequency
(e.g. 1; 5; 10; 15; 30 and 60 min and up to 14 days). The
measurement results are presented in the form of charts
or tables, the summary result of measurement can be
represented at standard form (4):

(X +A), P=0,95. @)

The accuracy control of measurement results car-
ried out periodic calibration of the EHP-Tekniikka
Measuring System, and the primary measuring trans-
ducer (sensor hydraulic pressure STS ATM/PTM).

2. Uncertainty Evaluation

In the GUM accuracy is replaced by the term Un-
certainty of measurement which includes all sources of

uncertainty. When quantifying the uncertainty of a
measurement the aim is to establish a range of values
within which we have confidence that the true value
lies. Therefore all the factors affecting the measurement
result must be considered and their effect on the meas-
urement result quantified. Typical factors affecting
measurements include:

uncertainty of the reference used to calibrate
the instrument,

random variation in use (repeatability),
differences in results from different operators
and conditions (reproducibility),

environmental uncertainty (uncertainty in tem-
perature used for compensation),

uncertainties in alignments and setup parameters,
rounding errors [3].
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As described in a large number of publications, the
uncertainty quantification is based on identification and
estimation of the effects of all sources of uncertainty. A
well accepted approach is the V&V [S] method that defines
Verification as the activity to evaluate the number error,
and Validation as the activity to evaluate physical uncer-
tainties [6]. We used method consists of the identification
and characterization of each source of uncertainty. Identifi-
cation step provides a list of uncertainty sources:

— time and space discretization;

— input data;

— iterative convergence;

— round-off;

— computer programming,

The uncertainty evaluation procedure used enables
the effects of all of the above sources of uncertainty to
be quantified.

After all steps of estimate we can see results are

— physical model; given in tabl. 1.
Table 1
The indicator values of accuracy of measurement technique
Readout Range measurements Measurement accuracy (P = 0,95), £5, %
Level, m 0,02....20 1,2
Flow, m’/s 0,167 ...30 6
Conclusions References

Following the uncertainty evaluation procedure set
out in this paper an evaluation of the measurement of water
level and flow at small rivers, channels, ditches and wells
all-year-round in field conditions using EHP-TEKNIKKA
Measurement Systems was carried out. Type A uncertain-
ties were obtained from repeatability study of the calibra-
tion process, a repeatability study of the real-time monitor-
ing process and a system stability test. Type B uncertainties
were obtained from calibration certificates and estimates.
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Penensent: 1-p TexH. Hayk, mpod. LII. 3axapoB, Xapkis-
CbKUI HalliOHAJIbHUI YHIBEPCUTET PajliOeNeKTPOHIKH, XapKiB.

HEBU3HAYEHICTb BUMIPIOBAHHS PIBHA | BUTPATU
3A 0OMNOMOIroto BUMIPIOBAJIIbHOI CUCTEMU EHP-TEKNIIKKA

T.M. Brnagumuposa

Y ecmammi npeocmaenena oyinka nesusnavenocmi pesyrbmamie NOCMIHO20 GUMIPIOBAHHSL PiGHSL 800U T BUMPAMUL 8 MATUX Dil-
Kax, KaHAaax i IHUUX He8eUKUX 8000UMUAX 8 NOTLOBUX YMOBAX 3a 00nomo2oio sumiptosanvhoi cucmemu EHP-TEKNIKKA, @innsn-
Ois. Lfi eumiprosanvii cucmemu MOICYMb 3aCMOCOBYBAMUCS 8 PI3HUX chepax eKonomixu i 6iznecy, 60100I0Mb HU3KOIO MEXHIYHUX |
exonomiunux nepesae. Ilpu oyinyi HegU3HAUEHOCI OMPUMAHUX Pe3YIbMAmi6 6CIMAHOGIEHO, WO HegU3HAUeHIiCcmb muny A modice Oymu
OYiHeHa WTSIXOM NOCMIIHO20 KOHMPOTIO 34 NPOYECOM KaniOpy8anHsl, GUMIPIOSAHD, d MAKOIC 8 X0Oi OYIHKU CIAOLTbHOCI BUMIDIOBATLHOL
cucmemu, a OYiHKa HesusHaweHocmi muny B mootce 6ymu snatioena 6 pe3ynomami po3paxyrKy 3a CanOGpmHUMU 3ANEHCHOCHISIMI.

Knrouogi cnosa: nesusnauenicme 6uMipro8antis, 6UMIpIOBANHSL PI6Hs | 6UMPamu 600U, 2padylo8aIbHA 3ANENHCHICMb.

HEONPEAENEHHOCTb UBMEPEHUSA YPOBHA U PACXOOA
C NMOMOLLUbIO USMEPUTENTIbHOU CUCTEMbI EHP-TEKNIIKKA

T.M. Bnagumuposa

B cmamve npeocmasnena oyenka HeonpeoeieHHOCmu pe3yabmamos NOCMOSHHO20 USMEPEHUS YPOBHS B00bL U pacxood 6
Manblx pekax, KAHanax, u Opyeux HeOONbUuUX 8000eMax 6 NONeEblX YCIOBUAX C NOMOWbI0 usmepumenvHou cucmemvl EHP-
TEKNIKKA, ®unasnous. mu uzmepumenbhbie CUCTEMbl MO2YM NPUMEHAMbCS 6 PA3TUYHbIX chepax dIKOHOMUKU U OusHecd,
001a0aiom pAOOM MEXHUYECKUX U IKOHOMUYECKUX npeumywecms. Ilpu oyenke HeonpeoeneHHoCmu NOLYYeHHbIX Pe3YIbmamos
YCMAHOBNEHO, YUMo HeonpedeleHHOCmb muna A modxcem Obimb oyeHeHa nymem nOCMoAHHO20 KOHMPOI 34 NPOYecCcoM Kanuo-
POBKU, usMepeHutl, a Makdice 68 Xo0e OYeHKU CMAOUTbHOCIU USMEPUMENbHOT CUCTEMbL, d OYeHKA HeonpeoeneHHocmu muna B
Modicem Obimb HallOeHa 6 pe3yibmame paciema no CIMaHOApPMHbIM 3A6UCUMOCTISAM.

Knroueswie cnosa: neonpeoenennocms usmepenus, usmepenue ypoeHs u pacxooa 600bl, 2padyupo8ouHas 3a6UCUMOCHIb.
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