
Order Number 9008533 

S imulation of hydraullcs and thermal-ice regimes in river 
networks 

Gunaratna, Priyantha Parakum, P h.D. 

Clarkson University, 1990 

U·M·I 
300 N. Zceb Rei 
Ann Aibor. MI 481()6 



Contents 

Abstract 

Acknowledgements 

Table of Contents 

l Introduction 

2 Unsteady Flow Modeling of R iver H ydraulics 

2.1 Background . . . . . . . . 

2.2 Mathematical Formulation 

2.2.1 Contìnuity Equation 

2.2.2 Momentum Equation 

2.3 Numerica) Scheme . . . .. 

2.3.1 Finite Difference Formulation 

2.3.2 ~odal Equations . . . 

2.3.3 Boundary Conditions . 

2.3.4 Initial Conditions 

2.4 Method of Solution . . . 

2.4.1 Newton-Raphson Iteration 

2.4.2 Partìal Derivatives for Jacobian ~[atrì x 

v 

iii 

iv 

v 

l 

8 

8 

11 

11 

14 

15 

15 

23 

24 

24 

25 

26 



2.5 Computer P rogram .. . .. . ... . 

2.5. 1 River ~etwork Configuration . 

2.5.2 Computat ion o ( Cross Section P ropert ies 

2.5.3 Transverse Flow Distribution 

2.5.4 Computational Alogrithm . . 

3 Water Temperature and Ice Concentration D istribution 

3.1 Heat Excbange Processes . . . . . . . . . . . 

3.1. l Short \Va\·e Radiation Computation . 

3.2 T ransport Equations for Water and Ice 

3.3 T wo Layer Mode! for Ice T ransport 

3.3.1 Background ......... 

3.3.2 Water Te:nperature Dis tribution . 

3.3.3 Ice Product ion and Transport 

3.3.4 Melt ing and Decay of Ice . 

3.3.5 Undercover Ice Transport 

3.3.6 Shore Ice Effect on Ice Transport 

3.3.7 Skim Ice Run . . .. . .. 
3.i Semi Analyt ical Solution Scheme 

3.4. I Water Tempera ture . 

3.-1.2 Surface Layer . . 
3.-1.3 Suspended Layer 

3.5 Computational P rocedure 

3.5. 1 lnterpolation Scheme 

3.5.2 Application to Chan nel Networks 

3.5.3 Comput er Program . . .. 

3.6 Applications o ( Two Layer \lode! 

31 

32 

3.5 

36 

3S 

42 

42 

44 

49 

51 

51 

55 

56 

59 

61 

63 

6.j 

68 

69 

iO 

7S 

i9 

86 

88 



4 In itial Ice Cover Format ion and Progression 

4.1 Border Ice Growth . . . . . .. . 

4.1.1 Description of Phenomena 

4.1.2 Computational Procedure 

4.2 Dynamic Ice Cover Formation 

4.2.1 lnitiation of Ice Cover 

4.2.2 .Modes of Ice Cover Formation 

4.3 Computation of Initial Ice Thickness 

4.3.1 Background ... .. .. . 
4.3.2 Mathematical Formulation 

4.3.3 Computational Algori thm 

4.4 Stability of Ice Cover . . . . . . . 

4.5 Analysis of Ice-Water Interaction 

4.6 Ice Cover Progression . . . . . . . 

4.6.1 Computational Procedure 

4.6.2 Notes on Computer Program 

5 Undercover Deposition and Erosion 

5.1 Generai Description ... . 

5.2 Mathematical Formulation 

5.2.1 Ice-Water Interaction in Deposition an d Erosion 

5.2.2 Transverse Distribution of U ndercover Accumulation 

5.2.3 Deposi tion and Erosion Underneath Shore Ice 

5.3 Computational Procedure 

5.3.1 Computer Program 

6 Thermal Growth and Decay of Ice Cover 

6.1 Generai ........ . . . . 

\'ÌÌ 

115 

115 

115 

116 

122 

122 

122 

126 

126 

127 

133 

135 

137 

155 

161 

164 

166 

166 

168 

168 

172 

173 

174 

175 

178 

178 



6.1 Simulation of Thermal Growth and Decay 181 
6.2.1 Surface Heat Exchanges 1S2 
6.:u Growth or Black Ice .. 183 
6.2.3 Decay or Ice Cover thickness . 186 
6.2A Effect or Frazil Ice on Ice Cover Thickness 187 
6.2.5 Formation of \\1hìte Ice . lSS 

6.3 Computer Program ... .... 190 

7 Mode) Development ar.d Application 193 

7.1 Development of the Computer i\Iodel 193 
7.1.1 Computational Algorìthm 193 
i.l.2 lnput data Requirements . 197 

7.2 Applicatìon or the !\·lode! .. . .. 199 
7.2.1 Description or the Study Reach 199 
7.2.2 Calibration of the Mode( 202 

7.3 Results and Discussion 229 
7.4 Conclusion . . . . . .. 26i 

\'iii 


