IMMC 2025 Problem A (Greater China, Autumn) (English f5{x £¢88)

Water-saving basins on locks

Background

The typical locks on rivers and water channels are powered by
water: when the lock chamber is filled with water to lift the ships
inside, the water comes from the higher-level water body; and
when the ships are lowered in the lock chamber, the water is simply
released to the lower-level side of the lock. So, each cycle of the
lock uses up — or “wastes” — the amount of water equal to the full
capacity of the lock’s chamber (see Fig.1). In places where water is
scarce, these loses can be critical and may stop the navigation
completely.

Fig.1 The Eisenhower Locks in Massena, New York
(a “simple” lock) (Image from Internet)

The famous Panama Canal is one of those water-deficient
waterways (see Fig.2). In 2016, the Panama Canal
expansion project was completed, and it included
upgraded locks with water-saving basins (also known as
“side ponds”): special basins were added alongside the
lock chambers at different heights, and they were used as
intermediate storages for water. Instead of being released
downstream when the main chamber was drained, some

T .
water was moved to those “side ponds”; and when the Fig.2 Conceptual view of the expanded Panama Canal

main chamber was refilled, it was partially refilled from locks with “side ponds” (Image from Internet)
the “side ponds”. No pumps are involved, all water

movement is just by gravity and differences in water levels.

For a more detailed description of the system, refer to “Water-saving basins” in the Wikipedia
article 1, and the video by “Casual Navigation”. In the Panama Canal expansion, each new lock

had three water-saving basins at different heights.

In China, the Pinglu Canal between the Yu River and the Beibu Gulf is currently being built. With
the 65m water level drop along the Canal, three locks will be constructed along it, and they will use
the water-saving basin technology. As it is reported in the media, 63% of water will be saved. See
more information on the Canal in the Wikipedia article 2, Baidu post and Xinhua news.

Obviously, if the number of different-height “side ponds” is increased, or their area is increased


https://en.wikipedia.org/wiki/Panama_Canal_expansion_project#Water-saving_basins
https://en.wikipedia.org/wiki/Panama_Canal_expansion_project#Water-saving_basins
https://www.bilibili.com/video/BV1AG2eYdEk6/?share_source=copy_web
https://en.wikipedia.org/wiki/Pinglu_Canal
https://baike.baidu.com/item/%E5%B9%B3%E9%99%B8%E9%81%8B%E6%B2%B3/5069924
http://www.xinhuanet.com/local/2023-08/28/c_1129827814.htm

(thus increasing their capacity for the same vertical change of water level), then the fraction of
water saved per lock cycle is increased. Yet, more “side ponds™ or bigger “side ponds” obviously
mean higher construction and maintenance costs.

Tasks

1. For a single-stage lock (with just one chamber), determine what fraction of water is saved per
cycle as a function of the number, height, and area of water-saving basins.

2. For a single-stage lock, determine the economically optimal number, height, and size of the
water-saving basins; you can assume that the lock is situated on the Panama Canal, or on the
Pinglu Canal, or on any other water-deficient waterway:

a. Determine the optimal parameters of the basins as a function of the “cost of water”.
b. Estimate the “cost of water” in the waterway system that you chose.
c. What is the optimal configuration of single-stage locks in the waterway system?

3. The locks may be organized as a “stairs”, or a multi-chamber lock with reusing water from the
upper chambers in the lower chambers — see the explanation in the video by “Casual
Navigation”. How would your recommendations for the water-saving basins change if the lock
had three consecutive chambers (like the expansion locks in the Panama Canal) and the water
from “side ponds” could be not only returned to the chamber where it was filled from, but also
returned to any chamber or basin below?

Submission

Your team's solution paper should include a 1-page Summary Sheet. The body cannot exceed 20
pages for a maximum of 21 pages with the Summary Sheet inclusive. The appendices and references
should appear at the end of the paper and do not count towards the 21 pages limit.

Special Note

The principles of Honor System of IMMC also applies to the use of LLMs (large language models)
or generative Al tools. If a team uses any large language model or generative Al tool in completing
the modeling tasks, from problem research, model development, programing to paper/report writing,
the team must make honest, open and transparent disclosure, including making in-text citations and
detailing relevant content in the "References" section. It should be recognized that although large
language models or generative Al have the advantages of productivity tools, they also have obvious
shortcomings and pose risks to users (such as Al-generated content containing Al hallucinations or
possible plagiarism in the produced content). Whether or not using large language models or
generative Al tools itself in the team’s work has no impact on judges' evaluation; the judges seriously
remind every team that if any Al tool would be used, use it correctly, honestly, open and transparently.


https://www.bilibili.com/video/BV1AG2eYdEk6/?share_source=copy_web
https://www.bilibili.com/video/BV1AG2eYdEk6/?share_source=copy_web
https://en.wikipedia.org/wiki/Panama_Canal_expansion_project#Water-saving_basins
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