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Numerical modeling of winter ice process in natural rivers with limited data

WANG Tao', GUO Xinlei', CHEN Yuzhuang’, LIU Jifeng’, SHE Yuntong’, PAN Jiajia'

(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin
China Institute of Water Resources and Hydropower Research, Beijing 100038, China
2. University of Alberta, Alberta, Canada
3. Hydrology Bureau of Yellow River Conservancy Commission, Zhengzhou 450004, China)

Abstract: Due to the limited field data on river geometry, hydrological and meteorological information, it
is still a big challenge to predict ice situations in natural rivers during winter periods. In this study, a
one—dimensional river ice model is presented using a new method for calculating hourly-averaged air temper-
ature and solar radiation, and a new method for dynamic assignment of lateral inflows. Based on the mea-
sured daily maximum temperature, daily minimum temperature and daily net solar radiation, the most domi-
nant parameters are calibrated to fit field observations. With these new methods, the river ice model can
evaluate hourly—averaged air temperature and solar radiation for rivers lacking field data. It also provides a
reasonable water assignment ratio for different lateral inflows by considering flow propagation processes from
upstream to downstream. The river ice model is applied to the winter ice simulation in the Inner Mongolia
section of the Yellow River. The simulated ice thickness at the Bayanggaole Gauging Station and the ice
front progression agree well with the measured data, which confirms the accuracy of the ice model. The
model might be further applied to other winter ice simulations for rivers with limited field data. It provides
a useful tool for simulating ice situations accurately.

Keywords: limited data; natural rivers; ice situations; numerical modeling; air temperature; solar radiation
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Diffusive behavior of non—uniform bedload particles over an armored bed surface

LIU Chunjing', CAO Wenhong', GENG Xu', XU Linjuan’
(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,
Laboratory of Hydraulics and Sediment Science and River Training of Ministry of Water Resources,
China Institute of Water Resources and Hydropower Research, Beijing 100048, China;
2. Yellow River Institute of Hydraulic Research, Yellow River Conservancy Commission, Zhengzhou 450003, China)

Abstract: The law of grain—scale bedload particle movement is fundamental to estimate the bedload trans-
port rate accurately. In this paper, we conduct the flume test under rough bed conditions, analyze the
mean square displacement and autocorrelation velocities of non—uniform sediment particles under armored
bed conditions, and compare them with existing uniform sediment tests. The results show armored structures
are composed of single or multiple coarse particles in the flume bed, forming a more complicated bottom
boundary than the flatbed surface. The armored structure has a significant impact on sediment movement,
the momentum exchange between flow and particles is more extensive than in flatbed, and bedload parti-
cles are not as "ballistic-like" movement in the flatbed. Affected by the bed surface structure, some parti-
cles show strong lateral movement, and the particles” lateral diffusion characteristics and the flow direction
diffusion characteristics are similar. Unlike the uniform sand in the flatbed bed surface, the particle move-
ment on the coarsened surface may change the bed surface structure, therefore changing the bottom bound-
ary conditions and then affecting sediment particles” movement. Moreover, it has a more obvious memory ef-
fect and anomalous diffusion phenomenon in armored bed than in the flatbed.

Keywords: armored bed surface; non—uniform sediment; bedload transport; diffusion characteristics; flume

experiment
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