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Fig.2 Hydraulic characteristic diagram of

over-pressure relief valve
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Methods to Protect Gravity Flow Pipeline in Hilly
Area Affected by Water Hammer

SHI Xiaowu*, HE Wuquan™®*, TIAN Yufeng®, LI Qianxi*
(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China;
2. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas of Ministry of Education, Yangling 712100, China)

Abstract: [Background and Objective] Gravity-driven pipelines have low impact on geological environment, low
leakage, simple construction and low operation cost. They have been widely used in irrigation and water supply
projects. When the end valve is suddenly turn off under unpredicted circumstances, however, it could result in water
hammer and pressure vibration in the pipelines, threating safe operation of the system. Considering water hammer is
more likely to occur in long-distance gravity flow pipeline in hilly areas, this paper explore efficacy of different
methods to ameliorate the damaging effect of water hammer on gravity flow pipeline in hilly areas. [ Method] The
study is based on the gravity pipeline project in Qianyang County, Shaanxi province. Numerical simulation
combined with inclined straight pipes and fitted equivalent short straight pipe is used to simulate the protective effect
of setting inlet and exhaust valve in each hump section and an overpressure relief valve in the front of the end control
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valve section. We analyzed the simulation results to determine the effect of these methods in alleviating water
hammer at specific locations in the pipelines. [ Result] Without the water hammer protection measure, when the
control valve at the end of the pipeline is turn off quickly, there is no noticeable negative pressure along the pipeline;
the maximum negative pressure head reaches - 20.06 m, and the maximum positive pressure at the section of the
control valve at the end of the pipeline reaches 87.58 m. Installation of the water hammer protection measures
eliminates the occurrence of negative pressure in the pipeline and reduces the maximum positive pressure head in the
pipeline to 70.88 m, which is lower than the critical pressure for occurrence of water hammer in the pipelines.
[ Conclusion] For the gravity-driven water transmission pipeline in hilly areas, combination of inlet and exhaust
valve and an over-pressure relief valve can effectively alleviate the occurrence of water hammer and ensure that the
pressure in the pipeline is less than the critical pressure required in the design of the pipelines.

Key words: hilly area; gravity flow pipeline water conveyance; water hammer protection; numerical simulation;
inlet and exhaust valve; over-pressure relief valve
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Ammonia Volatilization in Salinized Soil
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Abstract: [Objective] Investigating the Interactive Effects of Biochar and Nitrogen Fertilizer on Ammonia
Volatilization in Saline Soils. [ Method] We investigated the effects of applying biochar, nitrogen fertilizer, and their
combination on ammonia volatilization rates and mineral nitrogen content in soils with varying degrees of salinity
through indoor soil incubation experiments. [Result] The addition of biochar led to pH enhancement in non-saline
and moderately saline soils, while its effect on heavily saline soil pH was not statistically significant. Moreover, in
the presence of nitrogen application, the inclusion of biochar significantly suppressed ammonia volatilization rates in
non-saline and moderately saline soils, resulting in reductions of 18.06% and 50.88%, respectively, in total ammonia
volatilization compared to the sole nitrogen application. The ammonia volatilization rates were also decreased by
14.57% and 43.68% in non-saline and moderately saline soils, respectively. These findings underscore the potential
of biochar to ameliorate ammonia losses in non-saline and moderately saline soils when combined with nitrogen
application. [Conclusion] The addition of biochar has been shown to have a significant impact on reducing
ammonia volatilization losses in both non-saline and moderately saline soils.
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