VALIDITY AND ERRORS IN HYDRAULIC AND SUSPENDED
SEDIMENT MEASUREMENTS
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Summary: In the process of developing
a mathematical model of water flow and
sediment transport it was required to go
over a large number of hydraulic and
sediment data. While preparing these
measurements for the model's needs,
we found a great number of data that
varied notably in comparison to the data
around it suggesting they could be
measurement mistakes. Accordingly,
this issue was further investigated
aiming to eliminate the existing
measuring lapses. This paper deals with
the approach of recognizing these
extreme values as errors in
measurements. Additionally, we gave a
proposal of  overcoming these
complications.

Keywords: measurement errors, water
level measurements, suspended sedi-
ment concentration measurements.

1. INTRODUCTION

The aim of this paper is to display and
consider possible errors that can occur
in hydraulic and sediment measure-
ments. Namely, in the process of
developing a numerical model [1,2], it
was required to go over a great number
of measured data that included water
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Pe3ume: Y okBupy npunpeme marte-
MaTU4Kor Mogena cTpyjaka BOAe U
TpaHcrmopTa HaHoca y Mpexu OTBO-
peHVXx TOKoBa ce jaBuna notpeba 3a
npernegom Benukor ©6poja  xugpa-
YAVYKUX U NCanMOIOWKMX nogaTaka.
Tokom 0Gpage oBuMX Mepewa je npu-
meheHa yyecTana nojasa ApacTUYHOr
oAcTynawa MnojeduHNX BPEeaHOCTU Yy
0QHOCY Ha OKOfHe. Y OKBWpY OBOr pada
je pasmaTtpaH npucTyn 3a WAEeHTU-
dukaumjy oBMX ofacTynawa Kao rpe-
lwaka y mepenuMa, kao u cyrectuje 3a
npesasunaxewe npobrnema koje oBe
rpeLuKe Npoy3pokKyjy.

Krby4He peuM: rpellke y Mepewrma,
Mepewsa HMBOA, Mepera KOHLEeHTpa-
Luja cycneHaoBaHor HaHoca

1. yBOA4

Lurs oBor paga je ga ce npukaxy u
pasmMoTpe noTeHuujanHe rpeLke Kop,
Mepera Xuapaynuuykux U - ncanmo-
nowiknx senuynHa. Hanwve, kao nocne-
avua npunpeme HyMepuykor mogena
[1,2] ce jaBuna notpeba 3a npukyn-
rbakeM u obpagom Benukor 6poja
nogartaka (Mepewa HMBOA, NMpoTMLUAja,
KOHLIeHTpauumja cycneHaoBaHor HaHoca,
uta.).
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level elevations, measured discharges,
suspend sediment concentrations, etc.
The evaluated data consisted of couple
of years of measurements on long
sections of the Rivers Danube, Tisa and
Sava in Serbia. While evaluating these
measurements, in a number of locations
it was necessary to carry out certain
corrections of the gathered data. These
corrections are required because using
the measurements without these
modifications would lead to additional
mistakes in the upcoming analysis. In
this  work we restricted these
investigations on to the errors of water
level surface measurements and
suspended sediment concentration
errors. As a result we gave guidance to
the identification approach of possible
mistakes, as well as suggestions to
overcome these errors.

2. WATER LEVEL ELEVATION
MEASUREMENTS

Regarding the hydraulic parameters,
within the conducted work water level
elevation and discharges were
considered. Since the water level
elevation measurements were the ones
that were carried out regularly
throughout the considered reach, these
are the measurements that are
considered here.

Although there are many reasons to why
water level measurements are
important, in this case we are
considering the reasons important for
the issue at hand. Since the aim of the
work was to develop a numerical model
that could be utilized to predict different
scenarios, it was required to carry out
the process of calibration and
verification of the developed model.
Both calibration and verification rely on
the measured water levels. The
verification requires to model longer time
intervals in order to compare the
numerical results to the gathered
measurements. The issue with the
incorrect measurements is that unless

Y oKkBUpY npernega u cuctemaTtunsaumje
pacnonoxmBmx noJartaka je aHanuMau-
paH Benukn 6poj mepewa. PasmaTtpaHa
Mepena cy obyxeaTtana BuLLEroanLIHE
nogatke Ha Bernuvkom Opojy nokauuja
ayx peka [yHaB, CaBa u Tuca y
Peny6nuumn Cpbuju. Ycnen muxoBe
cuctemaTtusaumje je kog Benukor 6poja
nokaumja 6uno HeonxogHO W3BPLUMTU
ogpeheHe  Kopekuuje  MpUKYNIbeHUX
Mepewa jep OvM npuMmeHa nopaTaka y
0o6nuKy 'y KojeM cy MNpUKYNIbeHU
pesynToBana Yy MOrpelwHum pesyr-
TaTuma garbux aHanmsa [1,2].

Y KOHKpeTHOM pagy Cy aHanuse
rpelaka orpaHu4eHe Ha rpeLuke Kop,
Mepela HMBOA W  KOHLEHTpauuja
CycrneHaoBaHor HaHoca.

Kao pesynTat ce oBae Aajy cMepHUUE O
noTeHuujanHMm rpeLlkama koje mory ga
ce jaBe Ko OBMX TUMOBa nogaTaka, kao
W cyrecTuje 3a npeBasunaxere OBUX
npobnema.

2. MEPEHWA HUBOA

Op  xvagpaynuykmx  BenuyMHa  cy
pasmaTtpaHa Mepewa HuBOA BOAE U
npoTtuuaja. Kako je mepene HnBoa oumno
cMcTeMaTckn crnpoBoheHo Ay pasma-
TpaHuUX peka, oHaoa ce Beha naxwa
nocBeTuna OBUM Meperma U HUXOBO)
npoBepw.

3Hayaj ncnpaBHUX Mepewa HuBOa je
BuLLECTpyKa. Haume, oBa mepersa cy ce
y KOHKpPETHOM crnyyajy npunpemana 3a
dopmupare Hymepudkor Mogena Koju
Ou nocnyxuo KacHuje 3a aHanuay
pasHux cueHapuja. Ca TUM UMIbEM
mMogen Tpeba npBo kanubpucaTu, 3a
WTa ce cy NoTpebHN MepeHu HUBOW, a
HaKOH LUTO je Mmoaen kanubpucaH Tpeba
ra BepudunkoBaTu.

KopekTHa Bepudukaumja nogpasymesa
nywrarwe AyropovHe cumynauuvje npu
YyeMy Ce OHAa 3a MOAenucaHu nepuog
ynopenyjy noctojeha mepena HMBoa ca
pesynTatuma npopadyHa. Mpobnem kopg
rpellaka y Mepetby je ia YKONuKo ce He
KOpuryjy oHga ce Ha Taj HauuMH yHoce
rpewke y Mogen jow y npouecy
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they are eliminated, they will be
incorporated into the model in the
process of it's calibration when it is
modified to reproduce the
measurements that are wrong. For
example, by calibrating the model to
reproduce the measurements that are
much greater than the realistic water
levels, leads to it trying to duplicate
these extremely high values.
Consequently, it is forced to match
values that are not realistic. Therefore,
later on, in the verification process or
later, it will give results that over
estimate the water level elevations.
These are the reasons why it is very
important to go through the
measurements and clarify them so that
we wouldn't introduce wrong data in the
developed model.

When going through water level
elevation measurements the
measurement errors are often obvious.
Figures 1, 2 and 3 show measurements
where on the left side original data are
presented, while the images on the right
show the corrected measurements that
were utilized in the model. These types
of mistakes are obvious and therefore
easy to spot and eliminate. All of these
mistakes are manifested as sudden
increase in water levels that have a local
character, meaning that the values
before and after do not suggest a water
level rise should be expected. It should
be noted that  the depicted
measurements are all a result of daily or
hourly gathered values for a time interval
of over one year. This suggests that a
sudden increase of water level is
detected that is 1 meter within one hour
or 5 meters within one day, presented in
Table 1, while there are no signs before
or after these values that a wave is
coming. In these cases it is reasonable
to assume that the sudden increase is a
mistake.

These Figures show the measurements
of a complete year, therefore it is
possible to see an existing appearance
of the water level increase, as well as the
magnitude of the divergence among

kanubpauuje jep ce mogen nopellasa
Ja penpoaykyje cTakbe Koje He
oprosapa CTBapHOM cTawy. Ha npumep,
CyBuLLE Benuke u3MepeHe BpeaHOCTU
koje cy nocrneauue rpewaka 6m
pesynToBane y nogellaBawy napame-
Tapa kanubpauuje Tako ga ce
penpoaykyjy ,mepeHe“ BpegHocTu. Ha
Taj HauMH ce Mogen nogewasa pja
penpoaykyje HepeanHo BWUCOKe Bpea-
HoCTU, nNa 6um KacHuje Tokom Bepudu-
Kauuje, Unm y nowimnjem crny4ajy, TOKOM
npumeHe wmopgena, [fasBao HepearnHe
pesynTare. Cse 0BO je pasnor 360r kojer
ce npe cBera npucTyna AetarbHoj
aHanuan MepeHnx BpegHoCTU.

Kapa ce pagm o aHanm3n mepera HUBoa
BOZe, rPeLLKe Cy YeCTo jegHo3HayHe. Ha
Cnvkama 1, 2 1 3 cy npukasaHa Mepena
HVBOa rae Cy ca neBe CTpaHe parta
opurMHanHa Mepema, a Crnvka ca fecHe
CTpaHe MpuKasyje KopuroBaHa mepera
Koja Cy npumereHa y mogeny.

peluke oBOr TMNa cy ounrnegHe n He
npeacTaerbajy nocebaH npobnem jegu-
HO WX je NOTPEBHO YounUTU U YKMOHUTW.
CBe npukasaHe rpeLuke ce maHudecTyjy
Kao M3HEHagHW CKOKOBM  MepeHUX
BPEOHOCTU KOjU yneyaTrbnvBo ogyaa-
pajy op octaTka mepena. Hanomume ce
Aa cy npukasaHa Meper-a Y30pKoBaHa
Ha cBakux caT Ao 24 yaca y nepvogy og
BULLE roAMHa, Of Yera je oBae npukasaH
6poj Mepetsa Of Marno BuWLWE HeEro
roguHy paHa., To 3HauM pa ce Kopg
nojase pasnuke HmBoa of 1 meTpa y
pOKy OA caT BpeMeHa, unu 5 metapa y
nepuoay of 24 4yaca, Tabena 1, a ga
npy TOME HW npe HW focne Tor
N30fI0BaHOr OACTyNawa He MoCToju
Heka TeHAeHUMja pacTa, ca curyp-
Howhy MOXe TBpPAMTWM Aa ce pagun o
MepHoj rpewiyn. Ha cnukama cy agata
Mepera of NpubNMXKHO roavHy AaHa,
roe ce aHanvM3oM KOMMNeTHOr nepuoga
jacHO MoXxe BMOEeTU Koja je TeHaeHuuja
NMPOMEHe HMBOA, N Y KOjOj MepW rpeLuke
opyAapajy oa we. lNpupoaHe npomeHe
Koje ce jaBrbajy kog HuBOa cy cByda
nocTeneHe 1 HKXOBO Tpajame je Ayxe.
Ca ppyre cTpaHe, Kog Mepewa ce
youyaBa [a ce jaBrbajy BpegHoCTu Koje
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these values and the remaining
measurements.

The water level changes that occur
naturally are gradual and they tend to
last longer.

On the other hand, there are values that
stand out when compared to the
remaining data. For example, the
measurements collected on the Sava
River at Sremska Mitrovica. One can
notice a sudden and big increase in the
values. Additionally, it can be seen that
these extreme values appear frequently
and always have the same value at
about 72 meters, which would not be
possible for correct measurements.

By comparing the images on the left and
right side of the Figure, we can see the
difference between the measurements
after removing the measurement errors.
Further analysis of the right Figure
suggests that in the time interval
between 1000 and 3500 hours a wave
went through this section. We can also
detect minor waves appearing on the
main big wave. All of these are graduate
increases and decreases in water level
elevations.

Figure 1 on the left shows the original
measurements of water level elevation
on the Danube River at Pancevo. These
measurements also display random,
sudden and local increases of water
level elevations that resemble needles.
This is due to the fact that these
mistakes are single increase in the water
levels, that when presented next to the
remaining measurements seem like
lines or needles. The right image on
Figure 1 presents the same
measurements without these errors.

In the two previously considered
situations, it was simple to notice and
correct the measuring mistakes since
they were so obvious.

Figure 3 displays the water level
measurements on the Danube River at
Golubac. The image on the left shows
the original measurements, while the
right image present the corrected
measurements. The presented data are
for the time interval of five years.

Cy W3y3eTHO BWUCOKE (UNU HUCKE) Y
OfHOCYy Ha wucnpaBHe nopaTke. Ha
npumep Ha Cnuum 2, kog mepewa Ha
Caeu kog Cpemcke MwutpoBuue ce
npumenyjy nsHeHagHu n jako n3paxeHu
nukosu. Ocnm came BpeaHOCTH KOje OBe
rpeLuKe OOCTUXY, MOXE Ce NPUMETUTU U
TO [a Ce nepuvoauMyHo jaBrba ucTa
eKCTpeMHa BpegHocT, of oko 72
MeTapa, LITO Ce Kof CTBapHUX Mepera
He gewasa. lNopeherwem cnvke ca nese
CTpaHe 1 CfnuMKe ca [ecHe CTpaHe ce
jacHo npumehyje pasnuMka  HakoH
yknawamwa O0BuX rpewaka. Cnvka Ha
JEeCHOj CTpaHu npukasyje ga je y
rnocMaTpaHoM nepuody oByAa MpoLlao
Tanac y nepuogy og oko 1000 go 3500
caTu. Y UCToM nepuoay ce Ha BENUKOM
Tanacy mMory younTtu BuLLIEGPOjHU MakrsK
Tanacu, anu je 3a CBe WX Kapak-
TEPUCTUYHO Aa Cy NOCTENeHMu.

Ha cnvum 1 neBo cy npukasaHa
opurMHanHa Mepewa HvuBoa Ha [lyHaBy
kog [NaHyeBa. Ha wwuma ce Takohe
npumehyjy nepuoguyHun, HeyjeaHayveHu
MMKOBU KOjU Ce Ha rpadonykoM npukasy
Mepewa MaHUdECTYjy Kao wurnuue.
Pasnor 3a 0Bo je aa cy 0BO nojeanHavHe
BPEOHOCTU KOje.3Ha4yajHO OACTynajy of
OKOMHUX, a Kako ce pagu o noje-
OVHaYHMM  BpedHOCTMMa, Kaga ce
NnpuKaxxy nopea npeocTanux peaoBHUM
mMepetsa, Aenyjy kao urnuue. Ha cnuum
1 ca pecHe cTpaHe cy npukasaHa
obpaheHa Mepewa M3 KOjUx cy OBe
UrnuLe yKIokeHe.

Y cnyyajeBMmMa npukasaHum Ha Cnu-
kama 1 u 2 je OUNo npuUIUMYHO
jeQHOCTaBHO MPUMETUTU U KOPUroBaTu
rpewike Hactane TOKOM Mepemnsa. Kako
ce pagn O BENMUMKAM W TadykacTum
OACTynarMMa, [OBOSbLHO je nperne-
natu 6pojuyaHe BpeQHOCTM noaaTtaka m3
KOjuX ce jeAHO3Ha4yHO BMAM KOju nogaum
Cy nocriegmua rpeluaka a Koju nogaum
Cy CTBapHW.

Ha Cnvum 3. cy npukasaHu pesyntatu
Mepera HuBoa Ha [lyHaBy ko Monynua,
MW TO ca neBe CTpaHe opurnHamnHa
Mepewa, a ca [ecHe CcTpaHe cy
KopuroBaHa Mepemna. [lata mepera cy
3a nepuog of 5 roguHa. Moxe ce
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Zs(m)

Unlike the situations presented on
Figures 1 and 2, here we have a sudden
increase of the measurements that can
last up to 40-50 days. This could lead to
a reasonable question wether these are
measurement errors or valid
measurements. By further analysis of
the data it is easily concluded that these
are errors after all. Namely, these
sudden increases sometimes last for
over a month, but sometimes they are
local increases that come and go within
a day. Also, it is obvious that all of these
extremes have the same maximal value.
Since this behavior isn't typical for
natural occurrences, it can be deduced
that these are also measuring mistakes.
In addition, next to these sudden
increases there are no other significant
water level changes within the five year
time frame that is presented, which also
suggests that these are simply errors.
Table 1. shows the numerical values of
the measured water level elevations and
the matching time of the measurements
on two locations, at Pancevo on the
Sava River and at Sremska Mitrovica on
Danube.

For both locations we presented a total
of 7 measurements, where in both cases
the fourth measurements are marked
with bold letters.
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NpUMETUTN Oa ce 3a pasnuKky o4 OBa
NPeTxo4HO pasmaTpaHa cryyaja oBae
He pagn O BPEMEHCKM JIOKarHOM
nosehary BpegHocTn, Beh o nosehamy
Koju Tpaje ayxe Bpeme, Ao 40-50 gaHa.
36or Tora 6M Morno ga ce noctasu
niTake [a nuM ce 3aucta pagu o
rpewkamMa npu Mepewy WM o
jegHoctaBHuUM nosehawuma  HMBOA.
Mehytum, ako ce aHanuaupa uuTaBa
cepuwja nogaTaka, 3a nepuog og cBux 5
roavHa, NOHOBO Ce [O0CTa Nako Aonasu
00 3aKibyyka [a je y nuTamby rpeLuka.
CnuyHo kao kog Mepewa Ha Casu, 1
oBOde Oonasn OO NEepuoavYHor
OACTynawa BpPEedHOCTU Ha YBEK WUCTY
BpeaHocT. OBa nojaBa Hekaga Tpaje
BMIE [JaHa, [JOOK Ce Yy HEeKUM
crnyyajeBuma jaBrba Kao W30noBaHu
nHumgeHT. Ocum OBUX OACTyMamwa, Yy
nepuogy oA 5 roguMHa Hema 3HauajHUX
npomeHa Ha oOBOj geoHuun. Cee TO
notephyje Aa ce paau o rpeLukama.
Tabena 1 cagpxu 6pojyaHe BpegHOCTH
MEpPEHNX HUBOa, Ca BpemMeHuma Yy
KojuMa Cy [aTu HABOM U3MEPEHU Ha BEe
nokauuje, Ha [lyHaBy koA NaHuyeBa 1 Ha
Casu kog Cpemcke Mutposuue.

3a obe nokauuje cy garte no Tpu cepuje
o4 7 y3acToMHUX Mepeka, rae je Kopg
CBake cepvje YeTBpPTO  Mepemse,
03Ha4eHo gebenum crnoBuMa, Mepene
Koje je nocrneguua rpeLuke.

Zs(m)
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Cnuka 1 — peLuke kog Mepera HMBoa Ha [lyHaBy kopf MaHuyeBa
Figure 1 — Water level measurement erors on the Danube River at Pancevo
Tabena 1 — MNMpumepwn 6pojyaHnx BpeQHOCTM OACTYyNawa rpeLlaka og CTBapHUX Mepersa
Table 1 —Numerical values of measurements and measurement erors
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Peka [lyHaB kopg lNaH4eBa
Danube River at Pancevo

Peka CaBa kog Cpemcke Mutposuue
Sava River at Sremska Mitrovica

Bpewme (4ac) Hueo (meTap) Bpewme (4ac) Hueo (meTap)
Time (hour) Water level (meters) Time (hour)
117 71.58 168 77.77
118 71.58 192 77.61
119 71.58 216 77.48
120 70.57 240 72.22
121 71.57 264 77.32
122 71.56 288 77.16
123 71.56 312 76.99
Bpewme (4ac) Hueo (meTap) Bpewme (4ac) Hueo (meTap)
Time (hour) Water level (meters) Time (hour) Water level (meters)
329 71.44 1848 77.89
330 71.44 1872 77.87
331 71.44 1896 77.82
332 70.42 1920 72.22
333 71.41 1944 77777
334 71.41 1968 77.74
335 71.40 1992 77.82
Bpewme (4ac) Hueo (meTap) Bpewme (4ac) Hueo (meTap)
Time (hour) Water level (meters) Time (hour) Water level (meters)
1993 72.29 2328 78.09
1994 72.30 2352 78.16
1995 72.29 2376 78.19
1996 70.30 2400 72.22
1997 72.30 2424 78.14
1998 72.30 2448 78.14
1999 72.31 2472 78.19

This is to outline the value that is
considered a measuring error. By
comparing the bold values with the
previous there, and following three
numbers, it is obvious that the bolded
number stands out, and that the there
is no indication in the surrounding
measurements that this value should
be so different. Furthermore, we can se
that in the case of the Danube River
measurements, we have hourly values.
In this case it is easy to define a sudden
water level increase of only 1 meter as
a measuring error. On the other hand,
the measurements on the Sava River
are conducted at every 24 hours,
making it hard to identify a 1 meter
increase as an error. In this case, larger
deviations, increase of 6 or 7 meters in
the water level elevation within 24
hours, were defined as mistakes.

AKO ce npukasaHu nogauu norneaajy
Mano getarbHuje npumehyje ce ga je
WHTEH3MTET oAcTynawa pasnuuvT u ga
n3Hocy nsamehy 1 n 7 metapa. Kako cy
HMBOW Ha [lyHaBy MEPEHUN Ha CBaKMX caT
BpeMeHa, oBAe ce W rpeluke o ceera 1
MeTpa MOry MpUIINYHO jEHAOCTaBHO
younTtun. Ca apyre cTpaHe, Mepewa Ha
Casu cy pahena jegHom y 24 vaca. Kop
TakBMX Mepensa ce rpeluka og 1 metpa
HE MOXE TaKO jeJHOCTaBHO NMPUMETUTH,
MehyTum rpewke o 5-6 wmeTapa
UTEeKako gonase A0 m3paxaja. Y obe
KOrnoHe ce npumMmehyje ncta TeHgeHuuja,
TP BPEOHOCTU Koje Ce MNOCTeneHo
MeHajy, jedHa BpedHOCT Koja Apac-
TUYHO ofcKaye Of, OKOMHUX, U HapeaHe
TpU BPEOHOCTM KOje Cy MOHOBO npub-
JNIMKHO MCTE BPEeOHOCTU U NPUPOAAH Cy
HacTaBak 3a npee Tpu BpegHocTu. Cee
oBo notephyje Aa nogebrbaHa Bpen-
HOCT NpeACcTaBrba HEKY BPCTY rpeLUke y
Mepekmma.

| JOURNAL OF FACULTY OF CIVIL ENGINEERING 34 (2018) |




Sava-Sremska Mitrovica-originalna merenja
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Cnuka 2 — N'peLuke kog mepera H1Boa Ha Casu kog Cpemcke Mutposuue
Figure 2 — Water level measurement erors on Sava River at Sremska Mitrovica
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Cnuka 3 — peLuke kog Mepera HMBoa Ha [lyHaBy kop Nonybua
Figure 3 — Water level measuring erors on Danube River at Golubac

3. MEASUREMENTS OF
SUSPENDED SEDIMENT
CONCENTRATIONS

The developed model was planned to be
utilized for the simulation of hydraulic and
sediment processes.

Consequently, in addition to the known
water levels and discharges, it is
necessary to attain sediment related
measurements such as bed material grain
stye distribution, suspended sediment
concentrations, etc.

The process of the model development is
to first carry out the hydraulic model
calibration and verification tasks. Only
then should one start the preparation of
the sediment transport and bed evolution
model preparation. Therefore, the same
order was used for the data evaluation.
The developed model was prepared to
carry out sediment transport and bed
evolution simulation throughout the

3. MEPEHbA KOHLUEHTPALIUJE
CYCNEHOOBAHOI HAHOCA

Mopen meperba BesaHwWx 3a xugpay-
nuyke napameTpe, pa3BujaH Moaen je
nnaHvpaH ga ce KopucTu M 3a moge-
nicawe  TpaHcnopTa  HaHoca U
nedopmaumje koputa. 36or Tora je
nopea xmapaynuMykux nogaraka, HuBoa
n npotuuaja, 6Guno HeonxogHo o06es-
6eauTM ¥ ncanMosnollke noaatke,
rpaHyfioOMeTpu1jCkN cacTaB [Ha, KOH-
LeHTpaumje cycneHOoBaHOr HaHoca U
cn.  Oyx wmogenucaHe  obnacTtu.
Moctynak opmunpawa mogena je
TakaB ga ce NpBO MpunpemMu xuapa-
YINMYKN MOJEN Koju ce kanubpuwle u
Bepudukyje. HakoH wTo ce ca
curypHolihy yTBpAW TavyHOCT Xuapay-
nuykor  Mogena,  npuictyna  ce
npunpemmn moaerna TpaHcnopTa HaHoca
n pecdopmaunje koputa. 3ato je u y
OBOM cryvajy nornyaH pepgocrnieq 6uo
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modeled domain. For that purpose,
measurements of suspended sediment
concentrations were employed through
the modeled area’s cross sections.
Figures 4 and 5 on the left display
suspended  sediment  concentration
measurements. Figure 4 shows the
results on the Sava River at Belgrade, Fig.
5. presents the results on the Tisa River
at Titel. The measurements were done at
every 24 hours for a period of 5 years.
Further investigation of the presented
measurements helps us recognize that at
approximately 800 hours, at Titel, there is
a graduate increase of the measured
suspended sediment concentrations with
the maximum of 300ppm, located in the
middle of this increase. Since the value of
300ppm is located after the graduate
increase of the measured values, and is
followed by a graduate decrease of the
values, it is reasonable to suspect that the
presented values are correct. Similarly,
we can spot another increase in the
suspended sediment concentrations
peaking at 280ppm at about 900 hours.
Discordantly to the previous scenario, in
this case this increase of the
measurements is not preceded with slow
increase of the concentrations.
Furthermore, after reaching the maximal
value, the decrease of the measurements
is also quite sudden. This would imply that
the local increase presents a
measurement error. Nevertheless, one
should keep in mind that the
measurements are spaced 24 hours
which is enough time for a natural reason
to occur that could result in this sudden
increase  of suspended sediment
concentrations. Since the characteristics
of the sediment differ from the flow
characteristics, there is a possibility of
abrupt increase of the suspended
sediment concentrations. Consequently, it
isnt wise to conduct measurement
corrections as in the case of the water
level elevations. Instead, in our work we
opted for another approach.

While evaluating the measured and
computed values of the suspended
sediment concentrations, we included the

NpBO 3aBPLWKUTM aHanu3y nogaTaka
BE3aHUX 3a BoAy, Na Tek oHaa npehu Ha
aHanu3y mMepera HaHoca.

MomeHyTn Mopgen ce npunpemao Aa
MoZenuviie TPaHCMOpPT HaHoca AyxX
mMogenucaHux TokoBa. 3a TO cy ce
KOpUCTUIE MEpPEHe BPeQHOCTM KOHLEH-
Tpauuje cycneHooBaHOr HaHoca Y
npeceuvMMa aoyx mogenucaHe obnactu.
Cnuke 4 n 5 npukasyjy ca nese cTpaHe
pesyntate Mepewa KOHUEeHTpauwuja
cycneHAoBaHOr HaHoca 1 To Cnuka 4 Ha
Caewu kog Beorpapga, a Cnuka 5 Ha Tucu
kog Tutena. MNMpukasaHa cy mepera 3a
nepuod of 5 roguHa ca no jegHum
MepeH-eM CBakux 24 vaca.

AHanusom mepemna ce npumehyje ga ce
kog Tutena y npubnukHo 800 aaHa
jaBrba nocteneHo nosehawe MepeHnx
KOHLieHTpauuja cycneHaoBaHor HaHoca
y Ynjem ce cpegmLuTy Hamasu nuK Koju
pocTtuxe BpeaHocT oa 300ppm. lMowTo
Ce MakcumarnHa BpedHOCT jaBrba Yy
cpedvHu nepuvopa rnocTeneHor noee-
harba, HaKoH Koje cream U NocTeneHo
CMakeHte BpeaHOCTU, NocToju pearnHa
MOryRHOCT Ja ce pagu O TayHuMm
BpedHOCTUMA, a He O rpelukama npu
mMepetry. Ha ucToj cnuum ce y BpemeHy
o oko 900 yacoBa jaBrba jow jegHa
€eKCTpeMHa BPEAHOCT KOHLEHTpaumje
oa 280 ppm. Y oBOM crniyyajy Mepema
KOHLEHTpauuja Koa nNpeTxofHe OBOM
€eKCTpeEMY, U BpPeOHOCTM Koje aonase
nocne wera, He nokasyjy TeHOeHuujy
nopacra BpegHocTu. 36or Tora 6m ce y
OBOM Cryyajy MOTMyHO OnpaBLaHO
npeTnocTaBuno Aa ce paau O rpelum
TokoM Mepewa. Ca ppyre cTpaHe,
Takohe Tpeba umaTtu y Buay Aa ce pagum
0 MepehnMa Ha cBakux 24 vaca. Kako
je TO NpUNNYHO Joyr BpEMEHCKM nepuog,
HMje WCKIbY4YMBO f[a je TOKOM Tor
nepuoga Morno gohu o nojaee koja je
pesyntoBana y KpaTKOTpPajHOM MU
3HayajHoM noBehaky KOHLUEHTpauuje.
Kako cy kapakTtepucTuke HaHoca noT-
NMyHO Jpyradvje of KapakTepucTuka
TOKa, Te KOA HMX MoCcToju moryhHocT
nojaBe Harmor u Benukor nosehawa
BPEOHOCTW, HWje MNpenopyynibMBO Bp-
LUMTK KOpPEeKLMje MepeHa Kao y criyyajy
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matching hydrographs. Accordingly Figs.
4 and 5 include the suspended sediment
concentrations and the hydrographs at
the same cross section and time interval.
By examining these two variables at the
same time, one can pinpoint possible
measuring mistakes with a greater
certainty.

In the presented example one can see
that in the time at around 800 hours the
discharges start to increase
simultaneously  with the sediment
concentrations, suggesting a wave has
gone through eroding the bed material,
thus increasing the suspended sediment
concentration.

Contrarily, at 900 hours the hydrograph
doesn’t suggest any waves going by,
leading us to the conclusion that the
suspended  sediment  concentration
increase up to 280ppm is probably a
mistake. Therefore when developing the
model this value should not be
reproduced because it doesn’t depict the
reality of the situation.
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ca xugpaynuykum nogauvma. YMecto
TOora ce y KOHKPETHOM Cry4ajy Kopuc-
TMo Aapyrauuvju npuctyn. [lpu-nmkom
aHanu3e pesynara TpaHcnopTa HaHoca
cy y nopehewe pesynrata mepewa u
npopadyHa YKIby4deHn W Xuaporpamu.
36or Tora cy Ha Cnukama 4 u 5
napanenHo ca MEPEeHMM  KOHLEH-
Tpauvjama cycrieHgoBaHOr  HaHoca
Jate u NnpoMeHe npoTuuaja TOKOM
BpeMeHa y uctom npeceky. [lapane-
NHMM MocMaTpawemM MNpOMeHe MNpoTu-
uaja M KOHUEHTpauuje CycrneHgoBaHOr
HaHoca ce ca Behom curypHowhy mMoxe
YCT@HOBWUTM Aa Nu ce paav O rpewum
UNM NOCToju onpaBAame 3a APacTUYHO
nosehamwe KoHUeHTpauuja. Y Hawem
npumepy ce y nepuody of oko 800 AaHa
KoA npoTuLaja Takohe Mmoxe NpuMeTUTU
Ja je gowno [o nojaee Tamaca. To
yka3yje Ha TO QpJa je nocTeneHo
nosehakwe KOHUEHTpauuje, Yak n go
BpeaHocTun og oko 300 ppm nocneguua
Tanaca Koju je npowao K Ha nyTy
€epofoBa0 HaHOC ca fHa Npu ToMe
nsasusajyhu nopacTt KoHueHTpauuje. Ca
ayre cTpaHe, HemMa rokanHe nojaBe
€KCTPEMHO  Benukor npoTtuuaja vy
nepuogy of oko 900 gaHa, WTO 3HA4u
[a je nNokarnHm nopacT KOHUeHTpauuje y
TOM Mepuoay Ha BpeAaHocCT of 280ppm
HajBepoBaTHWje rpewka n He Tpeba
nokyLlaBaTh HeHy penpoaykuujy npu-
nMKkoM opmupara Mofena TpaHc-
nopTa HaHoca.
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Cnuka 4 — Mepersa KOHUEeHTpauuja cycneHgoBaHor HaHoca Ha CaBu koa Beorpaga
(neB0o) 1 payyHaT NpoTuLaju (aecHo)
Figure 4 — Measured values of suspended sediment concentrations on the Sava River at
Belgrade (left) and the computed discharges (right)
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Cnuka 5 — Mepetsa koHUeHTpauuja cycneHgoBaHor Ha Tucm kog Tutena (neso) u
padyHaTV npoTuuaju (AecHo)
Figure 5 — Measured values of suspended sediment concentrations on the Tisa River at
Titel (left) and the computed discharges (right)

4. CONCLUSIONS

This paper considers possible difficulties
when analyzing a large number of
measured data.

When carrying out measurements there
are various reasons that can lead to
measurement errors, such as equipment
malfunction, misuse of the equipment, the
collected data post-processing, etc. As a
part of these processes mistakes can
occur that need to be identified and when
possible corrected so that the wrong data
wouldn’t be used in further investigations.
Aiming to develop a water flow and
suspended sediment transport and bed
evolution model, the authors considered
the a great number of measured water
level elevations and suspended sediment
concentrations. Within this work a variety
of possible measuring errors are
presented, as well as approaches of their
identification and suggestions for their
correction.

In cases when these mistakes were easily
recognized, it is suggested to simply leave
them out of the gathered data. This is
doable with data such as the measured
water level elevations since these errors
were unmistakable. In other situations,

such as the measured suspended
sediment concentrations, simply
excluding the potential mistakes, or
correcting them isn't recommended.

Instead, it is advised to include additional
variables, such as the hydrographs that
could help pin point the actual mistakes.
This way two variables would be analyzed

4. 3ABPLUHA PASMATPABA

Y okBuMpy OBOr paga cy pasmaTpaHu
npobnemn koju ce jaBrbajy MNPUIINKOM
obpagpe w aHanusde Benukor 6poja
MepeHnx nogartaka. Havme, npunvkom
Mepera Moxe Aohu OO0 pasHMX rpellaka
Koje cy nocreguua Keapa oOnpewme,
norpelHe ynotpebe onpeme, HakHagHe
obpage nopartaka u gpyrux dakropa. Y
TOKY OBWX MpoLieca ce yHoce rpeLuke y
Meperwa koje je noTpebHO uaeHTu-
dukoBatm 1 rge je To moryhe enumu-
HMUCaTM Kako ce Ha parbe He 6wm
KOPUCTUIN HETaYHM NogauMu.

Ca uwmbem npunpeme MaTemaTuykor
MoJena cTpyjaka Boge M TpaHcnopTa
HaHoca je y OKBMpPY OBOr paga pasMaTtpaH
HM3 nogataka O MepeHVWM HuBOMMa U
KOHLeHTpaunjama CycrneHaoBaHor HaHo-
ca. lMpukasaHe cy pasHOBpPCHE rpeLuke
Koje Cy ce jaBure Kog aHanmuampaHux
MepeHa, MeToAe 3a HUXOBY AeTekuujy
Kao M cyrectuje 3a HUXOBO NpeBasuna-
Keme.

Kop jeaHo3HayHWX cuTyaumja, Kao LWTo je
TO Cny4aj KoA Trpewaka y MepeHUM
HMBOMMA je NpeAsiokeHo Ja ce OBU
noAauy jegHOCTaBHO UCKIbyYe M3 cepuje
nogataka. To je moryhe jep cy y oBOM
cnyyajy rpelwke 6une jegHosHayHe. Y
Cnyyajy MepeHux KoHLeHTpauuja cycneH-
[OBaHOI HaHoca ce He nmpeanaxe
UCKIby4erwe Mepewa 36or apyrauuvjer
Kapaktepa HaHoca. YmecTto Tora je
npeanoxeHo Aa ce nNpw aHanuan noga-
Taka W HUXOBOj Aarboj ynotpebu y
aHanm3y ykrbyde u Xxmgporpamu koju 6u
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together, and if the hydrographs would
indicate a wave passing through it would
help explain suspended sediment
concentration increases. Elseways, no
signs of waves would indicate probable
measuring errors.
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