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Abstract. The article analyzes the feasibility and prospects of using robotic complexes for 

eliminating the consequences of environmental accidents at military facilities. It shows that 

military sites generate mixed and highly hazardous contamination which complicates rapid 

human entry. Robotic systems can perform early CBR and environmental reconnaissance, 

localise spills, deliver samples to mobile laboratories and prepare safe access routes for 

personnel. Integration of such systems into existing CBR and engineering units, together with 

modular payloads and protected communication channels, is identified as a key condition for 

practical deployment. The article outlines directions for further development including semi 

autonomous survey, linkage with stationary monitoring networks and combined use of ground 

and aerial platforms. 

 

 

Introduction 

Environmental safety at military facilities is a structurally complex 

problem because it combines high hazard substances, restricted access regimes 

and the constant presence of ammunition or weapons systems that limit the 
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use of standard civil emergency technologies. Accidents at fuel depots, arsenals, 

chemical protection warehouses, coastal bases or repair plants can produce 

mixed contamination. This includes petroleum products, aggressive chemical 

components, combustion products and in some cases radiological hazards. 

Such accidents are aggravated by secondary factors. These are debris, collapsed 

structures, residual detonation risk and heavily polluted air that make entry of 

personnel unsafe during the first phase of response. Under these conditions the 

main contradiction is clear. The longer the commander waits before sending 

forces to localise the spill or to map the contamination the more the 

environmental damage grows. Yet an early human entry into the impact zone 

can lead to casualties. This contradiction makes the use of robotic complexes a 

realistic and in some cases the only acceptable solution. 

The article considers robotic complexes not as abstract military robots, but 

as purpose built, sensor rich and remotely controlled tools that can perform 

environmental and CBR reconnaissance, deliver sorbents and neutralising agents, 

prepare access routes and support mobile laboratories. Their value is in the ability 

to work in conditions of high temperature, toxic atmosphere, explosive threat and 

radio interference which are characteristic for military installations. The aim of 

the article is to identify functional roles for such complexes in the system of 

environmental safety of the armed forces, to outline integration requirements 

with existing CBR units and engineering troops, and to assess technological 

constraints that still limit fully autonomous work in contaminated areas. 

The article uses a systems approach. It treats an environmental accident as 

a sequence of phases detection, reconnaissance, localisation, removal and 

rehabilitation. At each phase it defines which tasks can be delegated to robotic 

platforms and which tasks must remain with trained personnel. In order to 

structure these phases and to show where robotic complexes provide the 

greatest risk reduction the distribution of tasks can be presented in tabular form. 
 

Table 1 

Roles of robotic complexes at different phases of response to 

environmental accidents at military facilities 

Response 
phase 

Main tasks 
Suitable robotic 

platforms 

Result for 
environmental 

safety 

Detection 

Initial alarm from 
fixed sensors, 
confirmation of 
incident, transmission 
to command post 

Stationary sensor 
nodes, mobile patrol 
UGVs 

Early warning and 
faster decision to 
deploy forces 
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Continuation of table 1 

Response 
phase 

Main tasks 
Suitable robotic 

platforms 

Result for 
environmental 

safety 

Reconnaissance 

Remote CBR and 
environmental survey, 
visual inspection, 
mapping of debris and 
access routes 

Tracked UGV with 
CBR payload, small 
UAV for overflight 

Safe situational 
awareness without 
exposing personnel 

Localisation 

Delivery and 
placement of sorbents, 
foam, barrier 
elements, remote 
valve operation 

Medium UGV with 
manipulator, water or 
foam delivery module 

Reduction of spread 
of pollutants in the 
first hours 

Sampling and 
delivery 

Collection of soil, 
water and air samples, 
transport to mobile 
laboratory 

Light UGV, 
quadcopter UAV with 
sample container 

Faster identification 
of pollutant and 
selection of 
treatment method 

Clean up and 
recovery 

Support to 
engineering and CBR 
units, clearing of 
debris, transport of 
contaminated 
materials 

Heavy UGV, 
specialized 
decontamination 
robot 

Shorter time of 
human presence in 
contaminated area 

 

As shown in Table 1 robotic complexes are most valuable in the 

reconnaissance, localisation and sampling phases where the level of 

uncertainty is high and the environment may still be unsafe for personnel. In 

the clean up and recovery phase robots mainly act as support tools that reduce 

time of human presence in the contaminated zone. 

The analysis is based on the logic of risk reduction for humans, on the need 

for fast situational awareness and on the operational reality of military sites 

where communication may be degraded and where movement is constrained 

by fortifications and storage layouts. 

Characteristics of environmental accidents at military facilities 

Environmental accidents at military facilities differ from civilian industrial 

incidents by the combination of hazardous factors, by access restrictions and 

by the presence of armaments that can initiate secondary events. A typical 

military site hosts fuel and lubricants, munitions, chemical protection stocks, 

paints and solvents, batteries, sometimes sources of ionising radiation used for 

calibration or control. An accident on such a site seldom produces a single clean 

pollutant. Much more often the result is a mixed contamination with petroleum 
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products, products of combustion, toxic aerosols and fragments of building 

materials. 

A second characteristic is the instability of the situation in the first hours. 

Fire or explosion in an ammunition depot can continue in the form of sporadic 

detonations. Storage buildings may be partially collapsed and may hide 

residual heat or leaking containers. This makes direct entry of personnel unsafe 

and delays classical environmental survey. At the same time the longer the 

delay the larger the contaminated area becomes, especially if the accident 

involves fuel pipelines or open storm water systems that can transport 

pollutants away from the source. 

A third characteristic is the regime status of military facilities. Civilian 

emergency services cannot always access the territory immediately. External 

contractors may not have clearance to approach weapons storage or command 

buildings. This places the burden of first response on military CBR and 

engineering units which must work with what is available on site. For this 

reason response tools must be mobile, quickly deployable and capable of 

operating in radio shadow and smoke. 

A fourth characteristic is the heightened requirement for evidence and 

traceability. Military authorities must later document not only the 

environmental damage but also the chain of events, the presence of 

ammunition, the origin of stored materials. This requires accurate sampling, 

geo referencing of the accident area and photographic or video recording even 

when the zone is still hazardous. Here remotely operated platforms can secure 

primary information without exposing personnel. 

Finally, some military accidents occur in training areas, coastal bases or 

depots located close to natural ecosystems. In such cases rapid localisation is 

critical to prevent spread of contaminants into adjacent water bodies, forest 

belts or agricultural land. The complexity and volatility of these accidents 

justify the use of robotic complexes that can enter the zone early, map the 

contamination and prepare the site for human teams. 

Robotic complexes as a tool for risk reduction 

Robotic complexes in the context of environmental accidents at military 

facilities should be regarded as a means of shifting the most hazardous operations 

from personnel to remotely operated or partially autonomous platforms. The core 

advantage of such systems is not only that they can enter zones with toxic 

atmosphere, high temperature or detonation risk. It is also that they can obtain 

structured environmental and CBR data at a much earlier stage than manned 

teams. Early objective information reduces uncertainty for the commander and 
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allows him to choose the least dangerous method of localisation, which directly 

decreases both ecological damage and human exposure. 

A typical robotic complex for these tasks consists of a mobile carrier, a set 

of interchangeable payloads and a protected communication link. The carrier 

may be tracked for rubble and soft ground, wheeled for rapid movement on 

paved areas, or aerial in the form of a small UAV for inspection of roof damage, 

smoke plumes and positions of tanks and containers. Payloads include gas 

analysers, chemical detectors, radiometers, optical and thermal cameras, 

manipulators for sampling, as well as units for placing sorbents, booms or 

temporary barriers. The communication link must withstand smoke, 

reinforced concrete, warehouses packed with metal structures and possible 

radio interference. For this reason it is reasonable to provide each complex with 

both radio and fibre or cable based control, at least for short distances. 

From the operational standpoint robotic complexes are most effective in 

four roles. First, as a forward reconnaissance element that maps 

contamination, measures concentrations and identifies secondary hazards 

before people are allowed to approach. Second, as a technical means of 

localisation that can lay sorbent strips, close or open valves, push containers 

away from heat sources and do so without a human operator physically 

standing near the accident. Third, as a transport assistant for mobile 

laboratories that need quickly delivered and properly labelled samples from 

several points inside the hazardous zone. Fourth, as a support asset for 

engineering and CBR teams during prolonged work when it is necessary to 

move contaminated debris or to monitor the atmosphere in real time. 

To clarify these roles and to link them with concrete tasks and expected 

effects the distribution can be presented in tabular form. 
 

Table 1 

Functional roles of robotic complexes in environmental accident 

response at military facilities 

Role Tasks 
Expected 

effect 

Reconnaissance 
Remote CBR and environmental survey, 
mapping of hazards 

Early situational 
awareness 

Localisation 
Placement of sorbents, remote valve 
control, barrier laying 

Reduction of pollutant 
spread 

Sampling support Sample pickup and delivery to mobile lab 
Faster identification of 
pollutant 

Engineering 
support 

Remote debris handling, atmosphere 
monitoring 

Shorter human 
exposure time 
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As shown in Table 1 the highest risk reduction is achieved in the 

reconnaissance and localisation phases because these activities normally require 

early entry into an unsafe zone. Sampling support and engineering support 

remain important, but they work mainly as multipliers for already deployed CBR 

and engineering units. 

The risk reduction effect is achieved because the most unpredictable part 

of the response the first entry into the impact zone is performed by a machine. 

If the structure collapses, if a concealed container explodes or if the atmosphere 

becomes unbreathable, the loss of the platform is acceptable in comparison 

with the loss of people. At the same time the data collected by the robot provide 

the basis for a safe human plan of action. In this way robotic complexes become 

an integral element of a layered environmental safety system where machines 

open and secure the scene, and specialised military personnel carry out 

identification, decontamination and recovery. 

Prospective directions for the use of robotic complexes in consequence 

management 

Future development of robotic support for environmental accident 

response at military facilities will move in the direction of greater autonomy, 

closer integration with monitoring systems and adaptation to specific types of 

contamination. Several lines can be identified. 

First, there is a clear need for semi autonomous reconnaissance robots 

that can build a contamination map without continuous operator input. Such a 

platform should be able to follow a predefined search pattern, avoid obstacles, 

identify zones with high concentration of toxic agents or fuel products and 

automatically mark sampling points. This will shorten the time between 

detection of an accident and the moment when the commander receives a 

reliable situational picture. 

Second, robotic complexes can be equipped with specialised modules for 

particular classes of accidents. For fuel and lubricant spills this can be a module 

for rapid deployment of sorbent booms and absorbent mats. For incidents 

involving chemical protection stocks or legacy munitions this can be a sprayer 

of neutralising or binding compositions. For radiological contamination this 

can be a shielded sampling unit with automatic labelling for later dosimetric 

analysis. Modularity will allow one and the same chassis to be used across 

different garrisons without creating a large and expensive park of narrowly 

focused robots. 

Third, promising results can be expected from linking robotic platforms 

with stationary or mobile environmental monitoring networks of the armed 
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forces. If fixed sensors around depots, fuel farms and workshops detect an 

abnormal reading, the system can automatically task the nearest robotic 

complex to verify the signal. This creates a closed loop from detection to 

verification and removes the delay caused by human dispatch. 

Fourth, joint employment of ground robots and small UAVs looks 

particularly effective for large or vertically complex facilities. The aerial 

platform can provide an overview of roof damage, smoke direction and 

potential flow of pollutants along surface water, while the ground platform 

works inside hangars, tunnels and warehouses. A unified control post will allow 

operators to see both data streams and to coordinate movement of machines 

so that they do not interfere with each other. 

Fifth, there is a perspective for using robotic complexes in training and 

simulation. Realistic exercises on active military sites are often limited by safety 

rules. Robots can reproduce typical accident conditions, record the actions of 

units and provide data for after action review. This will help to refine standard 

operating procedures for real accidents. 

Overall these directions show that robotic complexes should be 

considered not only as emergency tools but also as elements of a wider 

environmental safety architecture that combines monitoring, rapid response 

and controlled recovery. 

Conclusion 

Robotic complexes can significantly reduce risks to personnel and shorten 

the time needed to obtain reliable information in the first phase of an 

environmental accident on a military site. They are most effective in 

reconnaissance, localisation and sampling where the situation is unstable and 

contamination levels are unknown. Their introduction must be supported by 

organisational attachment to CBR and engineering units, technical 

compatibility with military communication networks and regulatory 

permission to operate in restricted zones. Further work should focus on 

modularisation of payloads for different types of contamination, enhancement 

of autonomy for operation in radio shadow and development of common data 

formats so that robotic platforms can feed results directly into armed forces 

environmental monitoring systems. 
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