CHELIM - Excel application for the analytic expression of rating tables/curves
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Abstract: The Excel application CHELIM allows the expression of rating tables/curves using 1 to 3 polinoms of 2nd degree (Q = aH2 + bH + c ). For this it is necessary to know 3 – 5 level/discharge pairs and the minimum level of the rating curve/table.

[image: image3.wmf]Fig. 1 The expression of the rating curve through 

polinoms of second degree

Hm

1

2

3

4

5

0.60

0.80

1.00

1.20

1.40

0

5

10

15

20

Q (mc/s)

H (m "O grafic")

P1

P2

P3

M1

M2

M3


Based on these, the application automatically calculates three equation systems of  2nd degree with 3 variables:


    A1H12 + b1H1 + c1 = Q1 
(1)


    A1H22 + b1H2 + c1 = Q2
(2)


    A1H32 + b1H3 + c1 = Q3
(3)
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    A2H32 + b2H3 + c2 = Q3
(4)

    A2H42 + b2H4 + c2 = Q4
(5)

    2a1H3 + b1 = 2a3H + b2 
(6)
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    A3H42 + b3H4 + c3 = Q4
(7)

    A3H52 + b3H5 + c3 = Q5
(8)

    2a2H4 + b2 = 2a3H4 + b3
(9)

where equations 1, 2, 3, 4, 5, 7, 8 are conditions of passing the polinoms through the given points and equations 6 and 9 are conditions of continuity of the rating curve in the points of polinoms junctions. Also the minimum level should be bigger than b1: 2a1 and a1, a2, a3 should take positive values.

The results are used in order to further calculate the discharge at the required levels, and the differences (in percents) which result from the comparison with the discharge measurements.


The application allows the reduction of the number of discharge measurements from 70 – 100/year (the average number of discharge measurements at a station gauge from Romania) to around 20 – 30/year (according to WMO recommendations) or even less for very stable valleys, with practically no influence over the quality of  the final material.


The application has the advantage of the precise calculation of discharge, formerly impossible due to the graphic representation. Another advantage is that the application has an user friendly interface, thus being easy to use by less experimented PC operators. The working under Excel was preferred to working with other programs or computer languages because all the computers from Romania’s hydrological network use Microsoft Office and buying licenses for other computer programs would have been more expensive and less efficient due to the need of teaching people to work with those computer programs. The computer’s precision ( with practically no decimal place limit ) is also useful in the case of the installation of  an automatic station which measures the level in millimeters ( former precision was 1 cm ).


The paper ends with a study case from Romania.
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CHELIM –Excel Anwendung zur analitischer Bestimmung der Wasserstandabhänging – Durchflusskurven

Kurzfassung: Die Anwendung in Excel CHELIM gestatet den Ausdruck der Wasserstandabhänging Durchflusskurven nuzend 1 –3 Polynoms zweiten Grades (Q=aH2+bH+c).


Dafür ist es nötig die 3-5 Paar H – Q Werte und den mindesten gültigen Wasserstand der Durchflusskurven zu kennen.


Die Ergebnisse sind benutzt für die Berechnung der Durchflusswerte bei verschiedenen Wasserständen und der Irrtüme gegenüber den Messungen.


Die Anwendung erlaubt die Messungnummer von 70 – 100 Jährlich ( der Mittelwert der bei einer Rumänischen Messstation ausgeführte Messungen) zu vermeiden, oder gar weniger bei sehr feststehenden Flussbeten, ohne die Qualität der endgültigen Ergebnissen zu affectieren.


Diese Anwendung hat die Genauigkeit im rechnen als Vorteil, die Irrtüme beim grafischen lesen beseitigend. Ein anderer Vorteil ist ein auch von den weniger eingeschulten PC Benutzen leicht brauchbares Zusammenwirken zu haben. Es wurde die Arbeit mit Excel Program vorgezogen, weil alle Elektronenrechner des rumänischen hydrologischen Netzes Microsoft Office nutzen und anderseits, neue Programme zu kaufen teuer und unwirksam ist ( wegen der erforderlichen Einschülung um die neuen Programme kenenlernen). Die Genauigkeit der Rechnungen( praktisch ohne Dezimalen Grenze) ist auch im Falle der Einrichtung von automatischen Stationen, welche den Wasserstandim m.m. lesen können, nützlich.


Am Ende wird ein Studium  Fall aus Rumänien vorgetragen.

Schlüsselworte: wasserstand, abflusstabelle, polynom, aplication, Excel

1. Introduction

The expression of the rating curve through a single mathematical function is based on an optimization of solving a system with “m” equations and “n” variables ( m – the number of flow measurements; n – the number of parameters of the mathematical function). The optimum results from the condition that the average square deviation is minimum. From the hydrological  point of view, to this condition it is added another one which is that the flow measurements should have a deviation from the rating curve of maximum 5%.

For the rivers the optimum expression of the rating curve can be done by using an exponential function Q = a(H-H0)b (where H0 is the zero flow level, a,b – the parameters of the mathematical function) ore by using a polynom of n degree, Q = 
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, where ai are the parameters of the polynom. In the case of the exponential expression of the rating curve the calculation algorithm is difficult, solving being made by using mostly iterative calculation. The analytical expression of the rating curve by a polynom of n degree has the following restrictions: for the levels for which the rating curve is applicable, the polynom should not have inflexion points, and the shape of the polynom should be the one of the rating curve.

The analytical expression by more than one mathematical function is based on solving an equation system which fallows the fallowing laws:

· the mathematical functions should pass through certain formerly established points

· in the intersection points of two mathematical functions the value of Q(H) should be the same as calculated by both of the functions

· in the intersection points of two mathematical functions the tangents to them should be equal

Based on the above mentioned and taking into account the determination problems and the restrictions imposed, it is proposed the analytical expression of the rating curves by using 1 – 3 polynoms of 2nd degree, calculated under MsOffice Excel

2.The analytical expression of the rating curves through 2nd degree polynoms:

For the analytical expression of the rating curves, by using 2nd degree polynoms, the present paper is based on solving a system of 9 equations with 9 variables (when using 3 polinoms) with the aid of Excel: 
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    A1H12 + b1H1 + c1 = Q1 
(1)


    A1H22 + b1H2 + c1 = Q2
(2)


    A1H32 + b1H3 + c1 = Q3
(3)



    A2H32 + b2H3 + c2 = Q3
(4)

    A2H42 + b2H4 + c2 = Q4
(5)

    2a1H3 + b1 = 2a3H + b2 
(6)

    A3H42 + b3H4 + c3 = Q4
(7)

    A3H52 + b3H5 + c3 = Q5
(8)

    2a2H4 + b2 = 2a3H4 + b3
(9)

where equations 1, 2, 3, 4, 5, 7, 8 are conditions of passing the polinoms through the given points and equations 6 and 9 are conditions of continuity of the rating curve in the points of polinoms junctions. The restriction imposed are: a1,2,3 > 0, and Hmin (minimum level for the rating curve ) > - b1/2a1  

3.CHELIM

CHELIM  is an application which runs under excel and allows the expression of the rating curves and tables by using a maximum number of 3 polinoms of 2nd degree ( Q = aH2 + bH + c ). For this it uses 3 – 5 pairs of values Q – H. This pairs can be flow measurements,  points which are within 5% from the rating curve, points chosen by the operator ( considered as belonging to the rating curve). (fig. 1) The establishment of the number of polinoms and the pairs of values are made by the operator. 

The application is structured in 3 sheets: (“Calcule”; “Arhiva”; “Grafice” )

The sheet “Calcule” (Calculation) has three tables: (fig. 2)
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Fig 2

Table 1 – the analytical expression of the rating curve

Table 2 – the calculation of the deviation between measured flow and the rating curve

Table 3 – the rating table

Table 1 has three zones: input data zone with data filled by the operator (minimum level of the rating curve’s availability and the pairs of Q – H points), the restriction zone (when restriction are obeyed “Solutie acceptabila” – that is “accepted solution” – is  written and when not it will appear there “Solutie innaccepatbila” – that is “unaccepted solution”) and the calculation zone where calculated parameters of the polinoms are displayed.

Table 2 has two zones: input data zone with data filled by the operator (number of flow measurements, its date, its level and its value), the calculation zone (the calculated flow and the errors towards the rating curve).

Table 3 has two zones: input data zone with data filled by the operator (the level value from 10 to 10 cm) and the automated calculation (the flow calculated for levels with 1 cm step).

A good solution has “Solutie acceptabila” (acceptable solution) written in the restriction zone and 5% error from the rating curve.

The sheet “Arhiva” (Archive)contains the result of rating curves determinations for each of  them.

The sheet “Grafice” (Charts) contains auxiliary charts which can be helpful for choosing the pairs of points, the time period of the rating curve, and so and so forth.

4.Ways of using CHELIM

CHELIM allows the expression of the rating curve after each flow measurement (if it is within 5% from the rating curve0 or after periodical analysis of the points distribution on possible time intervals between the changing point of the rating curve. Also CHELIM allows the reduction of the number of flow measurements and eliminates (in many cases) the need for extrapolation.

CHELIM was successfully tested on cases of different complexity from Romania (up to 6 rating periods). The necessary time was usually under 30 minutes.

4.1.The analytical expression of the rating curve on Berheci river at Feldioara gauging station, using CHELIM

For the year 2001 CHELIM was used for expressing the rating curve from Berheci/Feldioara which had 4 rating periods; the final solution needed only 18 flow measurements.

In Fig. 3 it is presented a detail of the rating periods is presented. 


5.Conclusions:

1) The analytical expression of the rating curve reduces a great deal of the subjectivism of drawn rating curve.

2) The application allows fast control of the flow measurements deviations

3) The application runs under Excel, a very accessible programme  (from the point of view of operating facilities and license agreement)

4) The needed free space on HDD is under 1 MB
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		Exprimarea analitica a cheii/ramurii de cheie limnimetrica

																						Tabel 1

		Hm1		H1		0.76		H2		0.8		H3		0.95		H4		1.4		H5		2.2

		0.75		Q1		0.13		Q2		0.377		Q3		2.1		Q4		9.89		Q5		25.4

		P1:		R11		DA		R12		DA		a1		27.956140		b1		-37.4365789		c1		12.434333

		P2:		R21		DA		R22		DA		a2		3.624496		b2		8.7935445		c2		-9.524975

		P3:		R31		DA		R32		DA		a3		0.556707		b3		17.3833553		c3		-15.537843

										Tabel 2

		Nr.		Data		H		Qmas		Qcalc		e (%)

				(luna-ziua)		(m"O grafic")		(mc/s)		(mc/s)

		1		1/5		0.78		0.235		0.24		3.0

		2		3/27		1.57		12.8		13.13		2.5

		3		4/25		1.32		8.32		8.40		0.9

								8.49		8.40		1.1

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0

										0.00		0.0





ARHIVA

		





GRAFICE

		





Sheet4

		

		Exprimarea cheii limnimetrice prin 3 polinoame

		H		H1		0.76		H2		0.8		H3		0.95		H4		1.4		H5		2.2

		Q		Q1		0.13		Q2		0.377		Q3		2.1		Q4		9.89		Q5		24.9

		P1		Hm1		0.75		Hp1		0.6695591465		a1		27.9561403509		b1		-37.4365789474		c1		12.4343333333

		P2		Hm2		0.95		Hp2		-1.213071207		a2		3.6244964		b2		8.7935445		c2		-9.5249753

		P3		Hm3		1.4		Hp3		-0.6989591165		a3		-0.2245431287		b3		19.5708552632		c3		-17.0690928363

				1polinom

		H		H1		0.76		H2		0.8		H3		0.95		H4		0.95		H5		0.95

		Q		Q1		0.13		Q2		0.377		Q3		2.1		Q4		2.45		Q5		2.45

		P1		Hm1		0.75		Hp1		0.6695591465		a1		27.9561403509		b1		-37.4365789474		c1		12.4343333333

		P2		Hm2		0.95		Hp2		0		a2		0.0000000		b2		0.0000000		c2		0.0000000

		P3		Hm3		0.95		Hp3		0		a3		0		b3		0		c3		0

						2polinoame

		H		H1		0.76		H2		0.8		H3		0.95		H4		1.4		H5		1.4

		Q		Q1		0.13		Q2		0.377		Q3		2.1		Q4		9.89		Q5		9.89

		P1		Hm1		0.75		Hp1		0.6695591465		a1		27.9561403509		b1		-37.4365789474		c1		12.4343333333

		P2		Hm2		0.95		Hp2		-1.213071207		a2		3.6244964		b2		8.7935445		c2		-9.5249753

		P3		Hm3		1.4		Hp3		0		a3		0		b3		0		c3		0

				H1		0.76		H2		0.8		H3		0.95		H4		1.4		H5		2.2

				Q1		0.13		Q2		0.377		Q3		2.1		Q4		9.89		Q5		25.4

				P1:		Hm1		R12		DA		a1		27.956140		b1		-37.436579		c1		12.434333

				P2:				R22		DA		a2		3.624496		b2		8.7935445		c2		-9.524975

				P3:				R32		DA		a3		0.556707		b3		17.3833553		c3		-15.537843





Sheet5

		

		Q		P1		P2		P3		M1		M2		M3

		0.082227575		0.75						0.75

		0.1299995		0.76

		0.183362653		0.77

		0.242317034		0.78

		0.306862643		0.79

		0.37699948		0.8

		0.452727545		0.81

		0.534046838		0.82

		0.620957359		0.83

		0.713459108		0.84

		0.811552085		0.85						0.85

		0.91523629		0.86

		1.024511723		0.87

		1.139378384		0.88

		1.259836273		0.89

		1.38588539		0.9

		1.517525735		0.91

		1.654757308		0.92

		1.797580109		0.93

		1.945994138		0.94

		2.099999395		0.95

		2.25959588		0.96

		2.424783593		0.97

		2.595562534		0.98

		2.771932703		0.99

		2.9538941		1						1

		3.141446725		1.01

		3.334590578		1

		3.533325659		1.03

		3.737651968		1.04

		3.947569505		1

		4.16307827		1.06

		4.384178263		1.07

		4.610869484		1.08

		4.843151933		1.09

		5.08102561		1.1						1.1

		5.324490515				1.11

		5.573546648				1.12

		5.828194009				1.13

		6.088432598				1.14

		6.354262415				1.15

		6.62568346				1.16

		6.902695733				1.17

		7.185299234				1.18

		7.473493963				1.19

		7.76727992				1.2

		8.066657105				1.21

		8.371625518				1.22

		8.682185159				1.23

		8.998336028				1.24

		9.320078125				1.25						1.25

		9.64741145						1.26

		9.980336003						1.27

		10.318851784						1.28

		10.662958793						1.29

		11.01265703						1.3

		11.367946495						1.31

		11.728827188						1.32

		12.095299109						1.33

		12.467362258						1.34

		12.845016635						1.35						1.35

		13.22826224						1.36

		13.617099073						1.37

		14.011527134						1.38

		14.411546423						1.39

		14.81715694						1.4





Sheet5

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



P1

P2

P3

M1

M2

M3

Q (mc/s)

H (m "O grafic")

Fig. 1 Exprimarea cheii limnimetrice prin polinoame de gradul 2
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fig.8 Graficul de niveluri medii zilnice cu marcarea datelor de efectuare a masuratorilor (Mas studiu) si a masuratorilor luate in considerare pentru exprimarea analitica a cheii limnimetrice (Mas CLA)
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		Exprimarea cheilor limnimetrice prin 3 polinoame de gradul 2

		H(m)		.95-2.2		H(m)		.82-.95		H(m)		.76-.82		H1		2.2		Q1		24.9						Qc(mc/s)		e(%)

		a1		1.7833333333		a2		10.7105522682		a3		106.6014957265		H2		0.95		Q2		2.45						0.620		5.8496397421

		b1		12.3425		b2		-4.6192159763		b3		-161.8803632479		H3		0.82		Q3		0.586						0.377		20.0636942675

		c1		-10.8848333333		c2		-2.8280182446		c3		61.6490521368		H4		0.76		Q4		0.193

		Hm1		-3.46		Hm2		0.22		Hm3		0.7592781046		H5		1.4		Q5		9.89

																								H(m"O grafic")		Qmas(mc/s)		Qc		e(%)

																								0.82		0.586		0.586		0

		H(m)		.95-2.2		H(m)		.80-.95		H(m)		.76-.80		H1		2.2		Q1		24.9				0.8		0.314		0.37		17.8343949045

		a1		1.7833333333		a2		12.7388888889		a3		143.3541666667		H2		0.95		Q2		2.45

		b1		12.3425		b2		-8.4730555556		b3		-217.4575		H3		0.8		Q3		0.377

		c1		-10.8848333333		c2		-0.9974444444		c3		82.5963333333		H4		0.76		Q4		0.13						Q		HC		Hm

		Hm1		-3.4605140187		Hm2		0.3325665068		Hm3		0.7584624328		H5		1.4		Q5		9.89						0.193		0.76

																										0.2051992521		0.77

		Q(mc/s)		HCL(m)		Hmas(m)																				0.2387188034		0.78

		82.5963333333																								0.2935586538		0.79

		0.14874375		0.77																						0.3697188034		0.8

		0.27224375		0.79																						0.4671992521		0.81

		0.377		0.8																						0.586		0.82

		0.6202788889		0.82																						0.7165319527		0.83

		0.8737488889		0.84																						0.8492060158		0.84

		1.13741		0.86																						0.9840221893		0.85

		1.6953055556		0.9																						1.1209804734		0.86

		1.98954		0.92																						1.690234714		0.9

		2.45		0.95																						2.45		0.95

		3.241		1																						0.586				0.82

		11.6414166667		1.5																						0.314				0.8

		0.586				0.82																				0.14874375						0.77

		0.314				0.8																				0.27224375						0.79

		0.193				0.76																				0.377						0.8

																										0.6202788889						0.82

																										0.8737488889						0.84

																										1.13741						0.86

																										1.6953055556						0.9

																										1.98954						0.92

																										2.45						0.95

																										3.241						1

																										11.6414166667						1.5
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		Exprimarea analitica a cheii limnimetrice

		H(m)		1-2.2		H(m)		0.74-1		H(m)		.65-.74		H1		1.5		Q1		11.7

		a1		1.5833333333		a2		23.7820512821		a3		9.6913580247		H2		1		Q2		3.2

		b1		13.0166666667		b2		-31.3807692308		b3		-10.5265432099		H3		0.74		Q3		0.6

		c1		-11.4		c2		10.7987179487		c3		3.082654321		H4		0.65		Q4		0.335

		Hm1		-4.1105263158		Hm2		0.6597574124		Hm3		0.543089172		H5		1.2		Q5		6.5

				Nr polinom		Nr. mas.		Qmas		Hmas		Qc		e(%)		Data

				P1

				P2

				P3
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