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CHEMICAL (PROCESS) ENGINEERING 

 

Chemical Engineering (commonly known as Process Engineering) links the underpinning 

science of processes to the engineering that delivers the required plant functionality. Whilst it 

is primarily focussed on fuel cycle facilities there are principles which can also be applied to 

ancillary processes on power reactors and to mechanical processing facilities.  

 

The nature of fuel cycle facilities is different to power reactors in that the radioactive 

material is often deliberately placed in a mobile form in order to allow separation and 

physical changes. As a consequence, one of the major drivers will be to control the energy 

within the process in order to minimise potential challenges to containment. Another major 

difference between a fuel cycle facility and a power reactor is that there can often be a 

greater choice of processes to deliver safe and effective outcomes. This means there will be 

greater focus on the extent to which the optioneering (e.g. in the safety case) achieves the 

underpinning intent of the engineering key principles (EKP).  

 

Chemical engineering is also concerned with designing facilities to achieve appropriate 

levels of throughput. Whilst clearly an economic matter, throughput can also be a significant 

safety issue at radioactive waste processing facilities and at facilities being decommissioned, 

particularly where there are degradation mechanisms for the radioactive contents, the 

process equipment or the facility structure. 

 

Further relevant guidance may be found in the Chemistry principles (paras XXff) and on the 

HSE Hazardous Installations Directorate Control of Major Accident Hazards (COMAH) 

Guidance website. 

 

Engineering principles: 
Chemical Engineering  

Design and operation  EPE.1  

The design and operation of nuclear chemical processes and facilities should be fault tolerant and ensure 
safety functions are delivered with suitable capability and sufficient reliability and robustness.  

 

The process design should be developed in tandem with the safety case to ensure they are 

mutually consistent. In line with the inherent safety key principles (see EKP.1), operations 

should aim to be as close to being inherently safe as possible, for example: 

 

a) Sources of energy within the process should be minimised.  For instance use 

of reactive chemicals should be minimised; inventories should be the 

minimum consistent with safe and reliable operation; and processes that 

function at or below ambient temperatures and pressures, or maximise the 

time spent under these conditions, should be preferred; 

b) Processes should be tolerant of the widest range of feedstock (in terms of both 

physical and chemical properties) and throughputs justified by the safety case.  

This should include consideration of bounding levels of decay heat from 

radioactive decay and the capabilities of the cooling systems, including under 

fault conditions; 

c) Design documents such as flow sheets should be based on the most restrictive 

conditions justified in the safety case, including during fault conditions; 

d) Chemical reactions should be controllable and either be endothermic, or have 

reaction properties that change relatively slowly in terms of equipment 
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response times. The thermodynamics and kinetics should be analysed for all 

normal operation and fault conditions identified in the safety case. Side 

reactions, interactions with adventitious materials and the potential for cliff 

edge effects should also be considered in the analysis; 

e) The design should allow for process degradation or malfunction e.g. side 

reactions, accumulation of by-products, degradation products, and 

accumulation of solids; and 

f) Circumstances leading to significant deviations from the original design intent 

should be identified and suitably analysed to evaluate their effect on safety. 

The design intent may need to be revised to account for these. 

 

Engineering principles: 
Chemical Engineering  

Process stability  EPE.2  

Nuclear chemical processes should be designed and operated so as to maintain suitable and sufficient 
stability.  

 

Systematic techniques such as HAZOP should be used to improve operability as well as for 

fault identification. 

 

Safe, stable, reliable and predictable operation should be promoted by: 

a) Process choices made according to the degree of confidence in their safety and 

effectiveness.  

b) Design and operation of individual processes that are fully integrated with other 

processes in the facility, applying suitable interstage buffering. Interstage buffering 

should be limited to levels sufficient to allow for reasonable downtimes between 

stages as storage has its own associated risks. Similar considerations should also 

apply between different facilities on multi-facility sites; 

c) Minimising the need within the design for manual interventions into the process or 

workarounds; 

d) A design which is tolerant of differing plant availabilities. This may also involve 

interstage buffering (see above); 

e) Simplifying plant and equipment design with due regard to the required functionality 

e.g. minimising penetrations, avoiding dead legs, minimising the number of 

instruments in contact with radioactive materials, minimising the need for inspection, 

maintenance and testing; 

f) Appropriate consideration of process or facility start up, shutdown, restart and 

maintenance; and  

g) Minimising or controlling process drift. 

 

Engineering principles: 
Chemical Engineering 

Experimental processes  EPE.3 

Where an experimental chemical process is proposed, the safety case should establish an appropriate 
degree of confidence in the safety of the process and that it will deliver as intended. 

 

Where experiments are used to underpin a new process, these need to be pertinent to the 

design of the final facility and demonstrate that the underpinning design intent will be 

maintained over all reasonably foreseeable conditions. Thus the proposals should include the 

following: 
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a) The experiment should show sufficient similarity to the intended design e.g. kinetic, 

thermodynamic, dynamic and geometric similarity. Where this is not possible, then 

the critical parameters should be modelled in greater detail; 

b) The experiments should simulate all reasonably foreseeable transients with an 

appropriate degree of realism; 

c) Where it is not possible to conduct full scale active experiments then an acceptable 

demonstration may involve full scale inactive work and/or small scale active work; 

d) The experiments should provide an input into the definition of the parameters needed 

to ensure safe and effective operation; 

e) The experiment should simulate possible faults (malfunctions) including those above 

under Principle EPE.1; and 

f) Where experiments show process uncertainties such as instability, the design should 

make allowance for these or an alternative design should be selected. 

 

Experiments on production facilities should be closely controlled. Where these are carried 

out, there should be no production pressures and the facility should be suitably instrumented 

to ensure all safety critical aspects are appropriately monitored. All the facility’s existing 

safety measures should continue to deliver their safety functions under the experimental 

conditions and the need for additional safety measures should be considered explicitly. 

 

Engineering principles: 
Chemical Engineering 

Severe accident data EPE.4 

Process behaviour under severe accident conditions should be analysed.  

 

Although severe accident analysis has traditionally been focused on power reactors, the 

hazards posed by some fuel cycle facilities mean that these meet the SAPs criteria defining a 

severe accident (para 544) and so should also be subject to severe accident analysis and then 

assessed as per principles FA.15, FA.16 and FA.25.  These principles require a good 

understanding of how the chemical processes and operations would behave under extreme 

conditions. 

 

Process behaviours that could be pertinent to severe accident analysis include cliff edge 

effects such as column flooding or transition to multi phase flow. Where the transient is fast, 

then adiabatic or similar limiting assumptions should be made. Otherwise, the analysis should 

adopt a best estimate approach. 

 

Where experiments are used to underpin the design, critical parameters such kinetic, 

thermodynamic, dynamic and geometric similarity used to model normal operation should be 

re-examined as their behaviour may change under severe accident conditions. 

 

Engineering principles: 
Chemical Engineering 

Process design and 
commissioning 

EPE.5 

The process design and commissioning should provide inputs to operational safety parameters defining 
limits and conditions necessary in the interests of safety (Operating Rules).  

 

Limits or conditions necessary for the safe operation of the facility from a chemical 

engineering perspective should be identified in the safety case.  These may include: 
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a) the feedstock specification used for the process design specification; 

b) operational limits derived from the design, e.g. temperatures, pressures, chemical 

compositions; and 

c) time dependent conditions or limits based on transient modelling, relevant operational 

experience or commissioning e.g. for the build up of undesirable by-products or 

energetic reactions; 

 

 


