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Fig. 1 Sketch map of hydraulic radius separation in ice-covered streams
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Table 2 Geometrical parameters and flow characteristics for tests in ice-covered channels

g 3/ T G So/ %o 2% L
B/m H/m m T'm

S.W. Miramichi R., NB 92 2.00 0.07 3.59 0. 49 0.75

Burnt R., ON 32 1.90 0. 04 3.20 0.58 0.83

Pembina R., AB 74 0.70 0.13 3.23 0.52 0. 66

Halfway R., BC 39 0.54 0. 80 2.77 0. 46 0. 81

SCHR[ 7] Peace R., NWT 525 4.50 0.04 5.44 0.59 0.78

Yellowknife R., NWT 72 3.00 0.01 3.55 0. 60 0.83

Fraser R., BC 95 1.30 0.10 3.25 0.51 0.71

Takhini R., YT 46 1. 40 0.08 3.12 0.52 0.75

Yukon R., YT 145 2.50 0. 40 3.69 0.52 0.85

WH-Testl 0.50 0.20 0.48 9.68 1.17 1.36

WH-Test2 0.50 0.17 0. 46 9.68 1.17 1.33

WH-Test3 0.50 0.14 0.45 9.68 1.17 1.30

SCHk[ 18] WH-Test4 0.50 0.22 1.07 9.58 1.17 1. 46

WH-Test5 0.50 0.19 1.12 9.48 1.17 2.43

WH-Test6 0.50 0.21 0.90 9.26 1.17 2.45

WH-Test7 0.50 0.20 0.77 9.26 1.17 2.47

WH-Test8 0.50 0.20 0. 66 9.58 1.18 2.48

WH-Test10 0.50 0.24 2.85 8.00 2.54 1.15

WH-Testl1 0.50 0.22 3.06 8.00 2.54 1.16

WH-Test12 0.50 0.05 2.53 8.00 2.54 0.75

WH-Test13 0.50 0.06 2.53 8.00 2.54 0.72

WH-Test15 0.50 0.04 2.57 3.45 1.13 0. 81

WH-Test16 0.50 0.04 2.28 3.45 1.13 0.77

PM-R1 0.91 0.19 0. 197 7.02 0.83 0. 84

SCHk[22] PM-R2 0.91 0.21 0. 197 6.63 1.04 0.95

PM-R3 0.91 0.18 0. 197 5.73 1.21 0.73

Athabasca R., AL 425 5.00 0.50 5.73 2.35 2.19

SCHik[ 23] Athabasca R., AL 425 4.00 0.50 5.47 2.24 2.23

Athabasca R., AL 425 3.50 0.50 5.04 2.72 2.61

SE-S2 0.91 0.19 1.37 4.51 0. 60 0. 84

SE-M2 0.91 0.21 1.29 4.79 0.84 0.94

Sk 24] SE-R2 0.91 0.24 1.33 4.70 1.03 1.44

SE-S4 0.91 0.24 1.34 4.59 0. 60 1.43

SE-M4 0.91 0.24 1.30 4.90 0. 84 1. 41

SE-R4 0.91 0.22 1.30 4.70 1.03 1.33

EN-101 1.22 0.22 0.65 3.10 0.48 0. 86

SHR[30] EN-102 1.22 0.25 0.79 4.12 0.51 0.98

EN-103 1.22 0.29 2.49 4.60 0.61 1.09

EN-104 1.22 0.19 1. 61 4. 60 0.61 0.73
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Table 3 Comparisons of computational accuracy for the selected formulae for composite roughness in ice-covered channels
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SCHR[7] 9 24~117 0.46~0.53 6.8 6.1 16.0 19. 4 7.3
k[ 18] 6 2~3 0.60~1.03 17.9 16.5 24.1 31.5 14. 1
SCHk[22] 4 3~4 0.48~0. 61 4.2 4.4 3.4 7.4 4.6
SCHR[ 23] 3 85~121 2.24~2.72 17.7 13.6 36.8 50. 4 3.2
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Comparisons of methods for predicting composite
roughness in ice-covered rivers *

CHEN Gang'?, ZHANG Yurong’, PU Chengsong’, ZHANG Tianli’, GU Shixiang’

(1 State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China;
2 Yunnan Survey and Design Institute of Water Conservancy and Hydropower, Kunming 650021, China)

Abstract: Composite roughness is a vital input parameter for hydraulic calculations of ice-covered channels. Two gen-
eral equations for deriving composite roughness coefficient in ice-covered streams, based on the principles of flow con-
tinuity or force balance, are presented in this paper. Taking parabolic, rectangular, and trapezoidal under-ice flow
sections as the representative geometries, this paper systematically summarizes the assumptions (e. g. , equalities of
wetter perimeters, subsectional mean velocities, and hydraulic radii) used in the derivation of six formulae: those of
Pavlovskiy, Einstein, Lotter, Sabaneev, Larsen and its modified form. Laboratory measurements and field
observations were used to examine the performance of those above-mentioned formulae. Comparative results indicated
that the modified Larsen formula had the best overall performance and therefore its use is recommended in engineering
practice. The first five formulae produced relatively large errors in the prediction of composite roughness of ice-covered
streams because the main assumptions of equalities of velocities and hydraulic radii are only valid for few special cases.
In particular, care should be taken when using the Lotter and Pavlovskiy formulae because of their underestimation of

the composite roughness in high-grade asymmetric channels.

Key words: composite roughness; ice-covered river; two-layer hypothesis; hydraulic radius separation
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