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We are Balfour Beatty Kilpatrick’s in-house 
professional engineering team providing 
mechanical, electrical and instrumentation solutions. 
Our team of experienced engineers work across 
a diverse range of projects throughout the UK 
within nuclear, renewables, power, defence, 
petrochemical, pharmaceutical and infrastructure 
sectors. Our work ranges from feasibility studies to 
detailed construction design to commissioning and 
handover.

Health and Safety is of absolute importance to 
Balfour Beatty. It is our license to operate and 
is fundamental to the success of our business. 
At Balfour Beatty, we believe that our long term 
success as a business is dependent upon the ability 
to keep our workforce, our business partners, our 
suppliers, our subcontractors and members of the 
public safe. Nothing that we do is so important that it 
cannot be done safely.

Within BBK DED we strive to engineer solutions 
that consider the health, safety and environment 
not only to ease construction but the operation, 
maintenance and demolition too. Our heritage and 
core experience is the detailed design; ensuring our 
solutions are fit for construction; this is where our 
experience is unparalleled.

In order to condense all this information into a 
short portfolio, twelve examples of where design 
engineering has improved the health, safety or 
environmental aspects of a project over the last year 
have been detailed and an overall summary of these 
examples is tabled on the following pages.

• Overview



1. Isolators

Overview
As part of a detailed design of a treatment plant the client 
had advised that all motor circuits would be fitted with 
local isolators. This is a common implementation to satisfy 
the operator’s requirements and to comply with BS7671 
regulation 132.15.202 and regulation 537.2. BBK DED was 
tasked to provide the detailed design.

Problem
Whilst isolation is a statutory requirement on motor circuits 
there are significant consequences of breaking motor 
circuits driven by Variable Frequency Drives (VFD). The 
VFD can be seriously damaged if a local isolator to the 
associated motor is opened whilst on load. The damage is 
caused by several issues and chain of events as follows; 
due to the inductive motor load there is a large surge 
reflected back from the motors stator coils (Lenz’s law dL/
dt) which will reignite the arc and cause it persist longer 
than a purely resistive load. This is not uncommon and 
the risk is easily designed out by utilising BS EN 60947 
AC3 or AC4 rated isolators which are designed and 
tested to for inductive load switching, however as the arc 
expands when the isolator contacts separate, the Pulse 
Width Modulation (PWM) waveform and filtering within 
the VFD causes the arc gap to become a capacitive load 
which rapidly increases the voltage. This rate of change of 
voltage with respect to time (dV/dt) creates high transients 
voltage peaks which causes the VFD output transistors to 
self-commutate and puts enormous strain on the thermal 
capabilities of the transistor as well as damaging the PN 
junction substrate ultimately leading to catastrophic failure.

Solution
BBK DED implemented a solution that would meet 
the statutory regulations whilst also ensuring the VFD 
would not fail prematurely. Some VFD manufacturers 
include additional protection to prevent on load isolation 
failure however this greatly increases VFD unit costs. 
An alternative is to include local isolators with remote 
interlocking when the VFD is offline however this again 
adds costs as additional cabling is required. The end 
solution was to split the motors in to two groups; motors 
local to their respective Motor Control Centre (MCC) 
were to utilise the MCC isolators which were linked to the 
VFDs to ramp down before isolation. Motors that were 
at a significant distance from their respective MCC were 
to utilise local interlocked isolators so that the VFD can 
ramp down before allowing the local isolator to break the 
circuit. This was the most cost effective solution without 
compromising safety.

Benefits
 » Cost effective solution

 » Safety to personnel and operatives

 » Reliability of equipment

 » Equipment damage prevention

Isolator Switches

VFD Block Diagram



2. High Level Lighting

Overview
As part of a client’s project to construct a new building 
within a nuclear licensed site BBK DED provided the 
detailed design for the lighting, heating, fire detection and 
small power.

Problem
Lighting was mounted at low level at a safe working 
height where practical however lighting and heating to be 
mounted in the centre of the building had to be mounted at 
high level due to the height of the plant within the building 
and to prevent interference with the material handling 
equipment.

Solution
The first solution was to utilise LED lighting as they have 
high MTBF which reduces maintenance frequency and 
therefore maintenance time working at height however 
the LED luminaires were significantly more expensive 
and the client had limited CAPEX. The second solution 
was to fit each traditional luminaire and heater with a plug 
and socket arrangement. This means that the plug can be 
pre terminated onto the luminaire and heater cable tail at 
ground level within a controlled environment making the 
installation at height very quick. This also reduces the time 
working at height during maintenance or repair.  The third 
solution was to have the luminaire and cable containment 
mounting assemblies manufactured offsite to reduce 
working time within the RCA at site whilst also reducing 
time working at height.

Benefits
 » Safety to personnel and operatives

 » Reduced time working at height

 » Simple maintenance

 » General Principles of Prevention

Electrical Lighting Circuits

Typical Support

Electrical Installation Layout

Electrical Installation LayoutElectrical Installation Layout



3. HV Switchgear Ratings

Overview
As part of a client’s electrical network rationalisation BBK 
DED undertook a detailed analysis of the clients HV 
network covering 132kV, 66kV, 11kV and 3.3kV systems. 
The complete network was modelled in SKM power tools 
and load flow, BS EN 60909 short current and protection 
coordination studies undertaken. 

Problem
The primary 11kV switchgear had a rated short time 
withstand current (Ik) of 40kA which was acceptable based 
on the calculated breaking currents. Generally standard 
11kV switchgear has a peak withstand current (Ip) of 2.5 
times the rated short time withstand current (Ik) based on 
a dc component with time constant (τ) 45ms. However due 
to the high X/R ratio caused by inductive plant (embedded 
generation and large induction motors) the calculated 
peak making currents (Ip) were in range of 128kA which 
the switchgear could not withstand. Regulation 5 of the 
Electricity at Work Regulations 1989 requests that “No 
electrical equipment shall be put into use where its strength 
and capability may be exceeded in such a way as may give 
rise to danger” therefore the switchgear is unsuitable for its 
application.

Solution
High X/R ratio causes asymmetry due to the dc component 
magnitude increasing and puts additional strain on the 
switchgear to perform mainly due to two reasons; 1) 
The peak making current at 10ms is significantly greater 
producing more heat and forces on the switchgear (Biot 
Savart law) which can cause physical damage, and 2) The 
dc component can increase to the extent that a standard 
circuit breaker attempts to break the circuit out with a zero 
crossing which can lead to extensive arcs and failure.
BBK DED proposed solutions 1) Utilisation of higher rated 
equipment (either increased short time withstand (Ik) or 
time constant (τ)), 2) utilisation of current limiting devices 
(either FCL Reactors or HRC Fuses). 

BBK DED reviewed the solutions for costs 
and practicality with an end decision on FCL 
reactors.

Benefits
 » Safety to personnel and operatives
 » Complete engineered solution
 » Security of supply
 » Safe solutions utilising the latest 

 technology
 » Reliability of equipment
 » Equipment damage prevention

SKM Power Tools Model for Analytical Studies

Asymmetrical Fault Currents



4. Transformer Blast Walls

Overview
The client’s consultant provided a concept design for 
the projects LV distribution system which BBK DED 
were to review and provide the detailed design for the 
LV distribution system. The detailed design included two 
transformer pens with the concept design having a very 
large fire rated blast wall around both 2MVA 11/0.4kV 
transformers.

Problem
Blast walls are very expensive and not practical to 
construct. The dimensions for blast walls are significantly 
greater than standard block or brick walls and use up 
valuable space.

Solution
BBK DED advised that with the power rating of these 
particular transformers and utilisation of enhanced 
transformer protection and a high fire point fluid eliminates 
the requirement for fire rated blast walls as per BS EN 
61936-1. BBK DED provided the protection requirements 
and outlined a far cheaper reduced space solution 
utilising traditional brick and biodegradable high fire point 
transformer cooling oil.

Benefits
 » Longer life of transformers
 » Reduced civils cost
 » Environmentally friendly oil
 » Reduced fire risk
 » Safety to personnel and operatives
 » Reduced footprint
 » Safe solution utilising modern   

 transformer components
 » General Principles of Prevention

Transformer General Arrangement



5. Transformer Tertiary

Overview
The client required to replace and upgrade the existing 
primary 11kV switchgear and transformers at their 
production facility as part of a programme to replace aging 
equipment and remove elements of production risk. It was 
essential the site remained energised continuously to meet 
production targets. BBK DED were tasked with the detailed 
design of the new 33kV to 11kV system.

Problem
The existing 33/11kV transformer pairs were stamped 
YNyn(d)0 and not YNyn0 as indicated on the 
documentation. Traditionally 33/11kV systems are 
arranged with a Dyn11 vector group for the very specific 
reason of trapping zero sequence currents in the primary 
delta thus ensuring that the 33kV source does not “see” 
11kV earth faults. It also provides the secondary system a 
point of neutral reference to ground which can be limited 
using earthing resistors. If phase shifting is a problem 
some networks will utilise YNyn(d)0 transformers which 
avoids a phase shift and also has a delta tertiary to trap 
zero sequence currents. The problem was there was no 
budget for a delta tertiary as the addition of these tertiary 
windings would be circa £100k. 

Solution
BBK DED evaluated and designed the protection system 
around this problem avoiding the need for a delta tertiary. 
This was done by using the primary residual Neutral 
Voltage protection on a long definite time setting whilst also 
ensuing the pick-up time on the primary IDMTL SI relay 
was set above the maximum reflected 11kV asymmetrical 
fault current. 

Benefits
 » Reduced civils cost
 » Reduced footprint
 » Reduced operational losses
 » Safe solution utilising modern   

 protection relays

HV Primary Distribution 

7.5MVA 33/11kV YNyn0 Transformer

Transformer Protection



6. LV Switchgear Ratings

Overview
The client’s consultant provided a design for the projects 
electrical distribution system which BBK DED reviewed and 
provided a detailed design. The detailed design included 
the HV system analytical studies as well as the LV system 
calculations.

Problem
After the system studies were complete BBK DED 
identified that the fault current at the 400V main 
switchboard was in region of 59kA. Whilst the main 
switchboard was rated (Ik) 80kA for 1 second (It) and 
therefore could withstand this fault level, the secondary 
distribution boards located within a few metres of the 
main LV board rated 50kA and 10kA could not. It is good 
practice on LV distribution systems to use the humble BS 
88 fuse on outgoing circuits not because of tradition but 
because the fuse is inherently a current limiting device 
and no other protection device to date can come close to 
the current limiting properties of fuses. Fuses as outgoing 
protection devices on main boards will limit the peak fault 
current that the downstream devices require to withstand. 
Unfortunately the design provided by the client utilised 
MCCBs which are much slower at breaking the fault 
current and therefore let through the peak fault current and 
let through energy to the downstream devices.

Solution
Cascading of devices is an option in this 
predicament where the upstream protection 
device breaks the fault current on behalf of 
the downstream device however this results 
in the entire board losing power rather than 
just the faulty circuit so BBK DED revised the 
LV system by introducing enough impedance 
(cable length) on the 50kA rated boards to 
reduce the fault level to below 50kA. The 
10kA rated boards were moved to circuits 
further down in the LV system distribution 
level where the fault level was reduced by 
the impedance of upstream cabling.

Benefits
 » Safety to personnel and operatives
 » Reliability of equipment
 » Equipment damage prevention

Discrimination of Protection Services



7. Unearthed Systems

Overview
A client required to install a back-up power supply in 
response to a Beyond Design Event (BDE) at a nuclear 
facility. The project was to provide an alternative, 
maintainable back-up power supply to facilitate energising 
the essential 3.3kV system. The 3.3kV system is 
backed from a 415V generator and 415V/3.3kV Step-Up 
Transformer.

Problem
The client had went ahead and ordered the 415V/3.3kV 
transformer based on the design provided by the client’s 
consultant. The problem was the vector groups were 
incorrectly identified as Dyn11 with the 3.3kV system 
on the delta side and 415V on the star side thus during 
operation the 3.3kV system would be unearthed and 
detection of earth faults would not be possible through 
standard IDMTL OC/EF relays. 

Solution
On a delta sourced system the zero sequence impedance 
is almost infinite with the exception of a small initial 
charging current due to cable capacitance. Earth fault 
currents are therefore in the mA range. It is not practical to 
measure such currents for protection purposes therefore 
one solution is to introduce a zig zag earthing transformer 
to provide a low zero sequence impedance however 
this adds losses, footprint and significant CAPEX to the 
system. Alternatively BBK DED provided a solution utilising 
the NVD relay. The Neutral Voltage Displacement relay 
detects the voltage imbalance between the phases when 
one phase is connected to ground and therefore trips the 
source circuit breaker when this imbalance threshold is 
exceeded.

Benefits
 » Safety to personnel and operatives
 » Reliability of equipment
 » Equipment damage prevention

3.3kV HRC Fuses

3.3kV Switchgear

3.3kV SLD

3.3kV Switchgear GA



8. Motor Protection and Load Shedding

Overview
A client required to construct a permanent dewatering 
system within a nuclear building.  The building contained 
four sumps and each sump required a duty and standby 
pump. Each pump control panel was to be fed from an 
existing local distribution board as the switchboard did not 
have any free circuits.

Problem
BBK DED identified that the distribution board could only 
provide a maximum fuse rating of 63A. Whilst the running 
current of the motors was 38A and therefore the 63A fuse 
was suitable the motor starters were Direct On Line hence 
the associated inrush would blow a 63A fuse. The board 
could be modified to include for a 100A fuse however this 
would fail on discrimination with the upstream fuse by 
causing it to pre arc.

Solution
BBK DED engineered a load shedding solution which 
would disconnect non-essential loads and allow adequately 
sized protection devices to power the sump pumps. This 
included the additional installation of a seismic qualified 
load shedding panel however was the most cost effective 
and safe solution. All protection devices complied with the 
required disconnection times as per BS 7671 and provided 
clear discrimination to ensure healthy circuits remained 
energised.

Benefits
 » Safety to personnel and operatives
 » Availability of equipment
 » Equipment damage prevention

Panel Seismic Anchor and Support Detail Termination Diagram

Control Panel Layout

DOL Starter Tray



9. LV Protection

Overview
A client required to construct an encapsulation facility 
in order to remove and contain intermediate solid active 
waste which has arisen during operation of the nuclear 
station.  The new encapsulation facility required new 
power supplies from an existing main switchboard. The 
client’s consultant had provided a “for construction” design 
package.

Problem
The design provided did not to comply with BS 7671. 
Cables and associated protection devices did not 
discriminate and or meet the disconnection time required 
by regulation 411.3.2.3. Additional protection devices 
added to the design further complicated the problem due 
to the difficulties in discriminating fuses with Air Circuit 
breakers (ACB’s), Numerical IDMTL relays and Moulded 
Case Circuit Breakers (MCCB’s). Fuses are non-adjustable 
and their earth fault and overcurrent characteristics are 
identical unlike circuit breakers. This is not so much of 
a problem if the ACB or MCCB relays have their earth 
fault function disabled or when the rating differences are 
greater, however, on this particular design the ratings 
are in close proximity which gives a very narrow band for 
successful discrimination between devices.

Solution
The majority of earth fault issues were solved by turning 
the earth fault function in the encapsulation switchboard off 
however consequently this increases disconnection times 
over the maximum limit as it relies on using overcurrent 
protection to clear earth faults. Adjusting the overcurrent 
element to achieve earth fault disconnection times is 
possible but results in overlaps of the feeders from 
the two existing main switchboards and encapsulation 
switchboard. BBK DED rearranged the protection settings 
to meet the regulation disconnection times whilst ensuring 
discrimination to ensure healthy circuits remain energised. 
This was done by changing one supply protection device 
to a fast acting fuse type and changing the other supply 
protection device KCGG to an extremely inverse IDMTL 
curve.

Benefits
 » Safety to personnel and operatives
 » Availability of equipment
 » Equipment damage prevention

Protection Relay

Overcurrent Discrimination

Earth Fault Discrimination



10. Lighting Mounts

Overview
As part of a client’s project to construct a new building 
within a nuclear site BBK DED provided the detailed design 
for the lighting and small power.

Problem
The client’s lighting design for the roof and flood lighting 
was mounted on a stand assembly close to and above the 
protective hand rail at the edge of the roof. By installing 
the lighting in such a way any future maintenance works 
would result in the operator using access equipment to 
reach the light fittings having to lean out to reach the flood 
lighting. The height to the floor level from the roof was 
approximately 5m and a further 2m to the light fittings 
giving a total of 7m fall height which would lead to serious 
injury if the operator were to fall.

Solution
The solution was to remove the flood lights from a stand 
assembly and mount them lower on the building. Access 
equipment would still be required however work would be 
undertaken on a flat solid base providing a safe secure 
working platform at reduced height. Also luminaires were 
installed away from the building roof edge at a height which 
would allow safer access for maintenance.

Benefits
 » General Principles of Prevention
 » Safety to personnel and operatives
 » Availability of equipment
 » Equipment damage prevention

Outer Building Envelope - Lighting

Lighting - External

Freestanding Luminaire Support



11. Interlocking

Overview
A client required additional power for site loads as the 
existing LV supply was at full capacity and therefore a 
new and complete distribution system derived from the 
existing 11kV network to power additional electrical loads 
was required.  BBK DED provided the design for the new 
system.

Problem
The existing Reyrolle LMT switchgear does not contain any 
external interlocks and the new packaged substation has 
modern fixed pattern switchgear with three position earth 
switches. It is therefore possible to earth the incoming 
supply on the fixed pattern switchgear while it is energised. 
Earth switches can be rated for short circuit peak 
making current however the earth switches life will suffer 
(depending on its E class as per BS EN 62271) if it closes 
on to lives networks eventually leading to catastrophic 
failure.

Solution
BBK DED design an interlocking system using an electrical 
key release interlock at the Reyrolle switchboard which in 
turn would prevent the closing of the downstream earthing 
switch thus preventing the modern fixed pattern switchgear 
from being closed to earth whilst live.

Benefits
 » General Principles of Prevention
 » Safety to personnel and operatives
 » Availability of equipment
 » Equipment damage prevention

Reyrolle LMT Circuit Breaker

Packaged Substation

Electrical Single Line Diagram



12. Sealed Transformers

Overview
A client required additional power for a new process 
building. A new complete distribution system was required 
due to the required power demand. BBK DED provided the 
design for the new system.

Problem
The client did not want the complications of a bund or the 
maintenance requirements of a free breathing transformer, 
nor the reduced life and robustness of a cast resin 
transformer.  

Solution
BBK DED designed and specified a hermetically sealed 
transformer with high fire point fluid. This meant that the 
transformer is within a sealed tank and does not require to 
breathe and therefore reduces maintenance of checking 
the moisture removing compound within the breather as 
well as general degradation of oil. It also removes the risk 
of spilled oil as the tank is sealed for life. The transformer 
was also specified within an enclosure; whilst this does de-
rate the transformers power rating in accordance with BS 
EN 62271-202 it ensures the transformer is not subject to 
harsh outdoor environment and will protect the transformer 
from corrosion thus reducing maintenance. The enclosure 
also removed the requirement for a traditional brick 
building and bespoke building services requirements 
offering significant CAPEX and OPEX savings.

Benefits
 » General Principles of Prevention
 » Safety to personnel and operatives
 » Reduced on site construction activity
 » Reduced maintenance costs
 » Simple maintenance

Packaged Substation

FAT Testing



• Summary

No. Item Risk Averted CAPEX Saving OPEX Saving (Over 25 Years)
Man Hours 
Removed 
from Site 
During 
Construction

Construction 
Savings

O&M Costs Production 
Loss
(1 occurrence)

1. VFD Isolators Removed risk of damaged to assets 
from fire or exploding VFD’s.
Removed risk of injury to operatives 
from fire or exploding VFD’s.
Reduced on site construction activity 
by removing local isolators.
Removed risk of loss of production 
due to damaged assets.

400 hrs £12k £200k £2M

2. High Level 
Lighting

Removed risk of injury to operatives 
working at height.
Reduced hours working at height.
Reduced on site construction activity 
by using factory pre terminated 
plugs.

220 hrs -£12k £125k 0

3. HV Switchgear 
Ratings

Removed risk of damage to assets 
from over stressed switchgear.
Removed risk of injury to operatives 
from fire caused by stressed 
switchgear.
Removed risk of loss of production 
due to damaged assets.

0 -£220k 0 £5M

4. Transformer 
Blast Wall

Removal of blast walls therefore 
reduced on site build activity.
Removed risk of damage to assets 
from fire caused by inadequate 
protection.
Removed risk of damage to 
environment due to utilisation of 
biodegradable oil.

80 hrs £40k 0 £2M

5. Transformer 
Tertiary

Removed risk of loss of production 
due to tripping of DNO circuit 
breakers.
Reduced transformer cost.
Reduced losses due to removal of 
tertiary.

0 £100k £12k £25M

6. LV Switchgear 
Ratings

Removed risk of damage to assets 
from over stressed switchgear.
Removed risk of injury to operatives 
from fire caused by stressed 
switchgear.
Removed risk of loss of production 
due to damaged assets.

0 £10k £200k £2M



No. Item Risk Averted CAPEX Saving OPEX Saving (Over 25 Years)
Man Hours 
Removed 
from Site 
During 
Construction

Construction 
Savings

O&M Costs Production 
Loss
(1 occurrence)

7. Unearthed 
3.3kV System

Removed risk of damage to assets 
due to inadequate protection.
Removed risk of injury to operatives 
due to inadequate earth fault 
protection.
Removed risk of failure of back 
up emergency system for reactor 
cooling circuit.

0 -£5k £25k £10B

8. Load 
Shedding

Removed risk of damage to assets 
due to inadequate protection.
Removed risk of loss of production 
due to damaged assets caused by 
flooding.
Reduced project cabling cost.

600 hrs £30k 0 £25M

9. LV Protection Removed risk of damage to 
environment caused by loss of 
supply and therefore nuclear material 
containment.
Removed risk of damage to assets 
due to inadequate protection.
Removed requirement of extensive 
modification to distribution system.

800 hrs £250k £400k £1B

10. Lighting 
Mounts

Removed risk of injury to operatives 
working at height.
Reduced hours working at height.
Reduced on site construction activity 
by using simpler mounts. 

220 hrs £75k £50k 0

11. Interlocking Removed risk of damage to assets 
from over stressed switchgear.
Removed risk of injury to operatives 
due to failure of over stressed switch-
gear.

0 -£1k 0 £1M

12. Transformer 
Types

Removed risk of damage to 
environment due to utilisation of 
biodegradable oil.
Reduced on site construction activity 
by using off site fabrication.
Reduced maintenance requirements 
by using sealed for life transformer.

3000 hrs -£3k £50k £1M

• Summary
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