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Abstract. Waterways often close suddenly due to accidents, ice cover, or river spills. This disrupts
cargo deliveries. The paper proposes a simple adaptive logistics scheme consisting of four steps:
monitoring, finding alternatives, choosing the best option using a formula, and control. The scheme
can be used even with limited information and is suitable for teaching students.
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Introduction

Water transport plays a big role in Russia. Rivers and seas carry oil, coal, construction
materials, grain, and containers. The main advantages are low cost and high carrying capacity.
One ship can replace several dozen trucks or a whole railway train.

However, waterways have a disadvantage — they depend on weather and technical conditions.
In winter, rivers freeze (ice cover). In spring, due to snow melting, spills occur and the navigable
channel may change its position. Accidents are also possible: ship collisions, oil spills, damage to
locks or bridges. In any of these situations, a section of the route may be closed for several days
or even weeks.

If the logistics scheme does not adapt to changes, cargo is delayed. Companies pay fines, lose
customers, and suffer losses. Therefore, it is important to think in advance about how to act in case
of a sudden closure.

1. Reasons for sudden closure of waterways

Let us look at three main reasons in more detail.

Accidents. This can be a technical breakdown of a ship, grounding, collision, or spill of
dangerous substances. For example, if an oil tanker runs aground, traffic on the river is completely
stopped until the spill is cleaned up. Such a situation occurred on the Lena River in 2020 — traffic
was closed for three days.

Ice cover. In winter, rivers freeze. Icebreakers can maintain navigation, but not on all sections.
When ice thickness reaches 50-70 cm, ordinary ships cannot pass. In northern rivers (Pechora,
Ob, Yenisei), ice cover lasts up to 6-7 months. However, even in southern regions (Volga, Don),
ice cover can occur suddenly during a sharp cold spell.

Spill. In spring, water levels rise sharply. The current changes, and flooded obstacles appear.
Bridges may become too low for ships to pass. Also, a spill can flood berths, making it impossible
to load or unload cargo.

2. Concept of an adaptive logistics scheme

An adaptive logistics scheme is a plan of action that changes in real time depending on the
situation. It consists of four main blocks:

1. Monitoring— constant observation of the waterway condition.

2. Analysis — assessment of whether passage is possible or a detour is needed.

3. Alternative selection — decision on how exactly to deliver cargo around the closed section.

4. Implementation and control — execution of the new plan and cargo tracking.

Such a scheme does not require expensive software. It can be implemented using simple tables
and a phone.

3. Step-by-step algorithm for forming an adaptive scheme

Step 1. Detecting the closure

Information can come from three sources:

- Official notifications from the waterway administration or the River Register.

- Data from captains of other ships (by radio or messengers).

- Satellite images and ice maps (free services are available).

Example: A ship is sailing along the Volga. The captain learns that the bridge downstream is
closed due to an accident. He reports this to the company dispatcher.

Step 2. Determining the boundaries of the closed section

It is necessary to understand which kilometer of the river is blocked and for what distance. For
example, a section from city A to city B (length 40 km) is closed. It is also important to know
whether it is possible to pass through another branch or tributary.
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Step 3. Finding alternative routes

The following detour options are possible:

- Water detour — through another river, canal, or channel. For example, there are many branches
in the Volga delta.

- Reloading to another transport mode — cargo is unloaded above the closed section, transported
by land (truck or rail), and loaded again onto a ship below the closure.

- Complete transfer to land transport — if the closure is long-term, it may be cheaper to send
the cargo entirely by trains or trucks.

Step 4. Assessing costs and time

= (Talt X ‘/;ost) + Deztra + Ptrans (1)

where C- total additional costs (rubles);

Ta— additional time on the alternative route (hours);

Vcost— COSt of one hour of transport operation (rubles/hour);

Dextra — COSsts for the extra distance (fuel, wear and tear);

Ptrans — cost of reloading the cargo (if needed).

The option with the smallest C is chosen.

Example. A 30 km section is closed. Option A: detour through another river + 50 km, no
reloading needed. Option B: reloading onto trucks + 20 km by road. We calculate the costs. If
reloading is cheap and fast, Option B may be better.

Step 5. Implementation and control

After selecting the route, it is necessary to:

- Contact ports and terminals for reloading.

- Assign a person responsible for cargo tracking.

- Receive reports on cargo location every 2-4 hours.

- If new problems arise (for example, a truck breaks down), restart the algorithm.

4. Practical example (case study)

Initial data: A barge with 500 tons of crushed stone is sailing along the Kama River. Point of
departure — Perm. Point of destination — Chistopol. Distance by water — 600 km. A section 80 km
long between the city of Sarapul and the village of Karakulino is suddenly closed due to ice cover.

Actions of the logistics specialist:

1. Notification received from the River Register at 10:00.

2. It is determined that the closed section begins 200 km from Perm.

3. Three alternatives are found:

- A: wait 5 days for the ice to melt (cost of barge idle time — 15,000 rubles/day).

- B: reload the crushed stone onto 25 trucks (20 tons each), drive around by road (80 km),
reload onto another barge below the ice.

- C: send the crushed stone entirely by rail (but the nearest station is 40 km from Perm).

4. Calculation:

- Option A: 5 x 15,000 = 75,000 rubles + loss of customer due to delay.

- Option B: reloading (40,000 rubles) + truck operation (25 trucks x 4 hours x 800 rubles/hour
= 80,000 rubles) = 120,000 rubles.

- Option C: very expensive due to transport to the station.

5. Option B is chosen, despite the costs, because it is faster (1 day instead of 5).

6. Control: the dispatcher contacts the truck drivers and receives the cargo at the port below
the ice.
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5. Advantages of the proposed scheme

- Simplicity — no complex computer programs are needed.

- Speed- a decision is made within a few hours.

- Flexibility — the scheme works for any cargo and any river.

- Learnability — students and young specialists can easily master the algorithm.

Conclusion

Sudden closure of a waterway section is a serious problem, but it can be solved using an
adaptive logistics scheme. The main thing is to quickly obtain information, find detour options,
compare them using a simple formula, and organize control. Even a first-year student can apply
such an algorithm in practice. In the future, these skills will help future logistics specialists and
dispatchers work efficiently and avoid large losses.
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