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Network Equilibrium - BSP Matrix

Ranking 1 2 3 4 5 6 7 8 9 10 11 12

Criteria Bowhays Cross Radstock Main Totnes Tiverton Taunton Main Woodcote Paignton Exeter Main Sowton Exeter City Bridgwater Main Street

Category A Category A Category A Category B Category B Category B Category C Category C Category C Category D Category D Category D

Significant target voltage 
modification capability

Significant target voltage 
modification capability

Significant target voltage 
modification capability

Good target voltage 
modification capability

Good target voltage 
modification capability

Good target voltage 
modification capability

Limited target voltage 
modification capability

Limited target voltage 
modification capability

Limited target voltage 
modification capability

Very limited target 
voltage modification 

capability

Very limited target 
voltage modification 

capability

Very limited target 
voltage modification 

capability

No ability to remotely 
control settings

No ability to remotely 
control settings

No ability to remotely 
control settings

Can receive fine control 
and remotely select group 

settings

No ability to remotely 
control settings

No ability to remotely 
control settings

Can remotely select up to 
2 group settings

Can remotely select up to 
2 group settings

No ability to remotely 
control settings

Can remotely select up to 
2 group settings

Can remotely select up to 
2 group settings

No ability to remotely 
control settings

Alstom MVGC01 installed - 
no ability to change 

settings remotely for SVO

Alstom MVGC01 installed - 
no ability to change 

settings remotely for SVO

AVE5 electro-mechanical 
relays installed - no ability 

to change settings 
remotely

Fundamentals SuperTAPP 
n+ relays installed - ability 
to receive fine control and 

remotely change group 
settings

Alstom MVGC01 installed - 
no ability to change 

settings remotely for SVO

Alstom MVGC01 installed - 
no ability to change 

settings remotely for SVO

Alstom KVGC202 relays 
installed - ability to 

control 2 group settings 
remotely

Alstom KVGC202 relays 
installed - ability to 

control 2 group settings 
remotely

Reyrolle SuperTAPP relays 
installed - no ability to 

change settings remotely

Alstom KVGC202 relays 
installed - ability to 

control 2 group settings 
remotely

Alstom KVGC202 relays 
installed - ability to 

control 2 group settings 
remotely

Alstom MVGC01 installed - 
no ability to change 

settings remotely for SVO

Excellent Condition Good Condition Poor Condition Average Condition Good Condition Good Condition Average Condition Average Condition Average Condition Good Condition Good Condition Average Condition

Transformers and 
switchgear replaced in 

2010, substation in 
excellent condition

Transformers currently 
being changed. 

Substation in good 
condition

Original equipment from 
1960's, transformers 

require regular 
preventative maintenance

New 33kV switchgear, 
transformers 

manufactured 1964. 
Minor issues reported 

with transformers

Three transformers 
installed in 2009 to 2011. 
New 33kV switchroom in 

1998. No issues with 
substation

T1 and T2 replaced in 
2008/2009, T3 replaced in 

1999. 33kV repalced in 
2009. Substation is in 

good condition

Transformers replaced in 
2008, auxiliary systems 

not replaced

Transformers replaced in 
2010, some 33kV 

switchgear replaced in 
2002. No major issues 

with substation

Two new transformers 
commissioned in 2003, 
auxiliary systems not 

replaced. No major issues 
with substation

All major equipment 
replaced circa 2009. 
Substation in good 

condition

T1 and T2 replaced in 
2013, T3 manufactured in 
1987. No reported issues 

with the substation

Transformer replaced in 
1998, auxiliary systems 

not replaced

Voltage sensitive 
customer(s)

Voltage sensitive 
customer(s)

No significant impact No significant impact No significant impact No significant impact No significant impact No significant impact
Voltage sensitive 

customer(s)
No significant impact

Voltage sensitive 
customer(s)

Voltage sensitive 
customer(s)

One sensitive customer 
connected on the 33kV 
fed from Bowhays Cross

One sensitive customer 
connected on the 33kV 

fed from Radstock

No impact expected for 
customers connected to 

Totnes 33kV

No impact expected for 
customers connected to 

Tiverton 33kV

No impact expected for 
customers connected to 

Taunton 33kV

No impact expected for 
customers connected to 

Woodcote 33kV

No impact expected for 
customers connected to 

Paignton 33kV

No impact expected for 
customers connected to 

Exeter Main 33kV

One sensitive customer 
connected on the 33kV 

fed from Sowton

No impact expected for 
customers connected to 

Exeter City 33kV

One sensitive customer 
connected on the 33kV 
interconnected network 
between Bridgwater and 

Street

One sensitive customer 
connected on the 33kV 
interconnected network 
between Bridgwater and 

Street

Average number of 
connection applications

High number of 
connection applications

Average number of 
connection applications

Average number of 
connection applications

High number of 
connection applications

Average number of 
connection applications

Average number of 
connection applications

Average number of 
connection applications

Little or no connection 
applications

Average number of 
connection applications

High number of 
connection applications

High number of 
connection applications

Average connection 
activity with three 
committed 33kV 

connections

Connection activity in the 
local area is high with six 

committed 33kV 
connections

Average connection 
activity with three 
committed 33kV 

connections

Average connection 
activity with four 
committed 33kV 

connections

Connection activity in the 
local area is high with 

seven committed 33kV 
connections

Average connection 
activity with five 
committed 33kV 

connections

Average connection 
activity with three 
committed 33kV 

connections

Average connection 
activity with three 
committed 33kV 

connections

Low connection activity 
with only two committed 

33kV connections

Average connection 
activity with three 
committed 33kV 

connections

Connection activity in the 
local area is high with 

seven committed 33kV 
connections on the 

interconnected network 
with Street

Connection activity in the 
local area is high with 

seven committed 33kV 
connections on the 

interconnected network 
with Bridgwater

Score 54.2 50 36.7 81.7 55 51.7 56.7 56.7 35.8 64.2 62.5 42.5

Voltage Modification 
Capability

Existing AVC 
Capability

Substation Condition

Connected Customer 
Impact

Customer Connection 
Activity
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Network Equilibrium - Primary Matrix

Ranking 1 2 3 4 5 6 7 8 9 10

Criteria Waterlake Lydeard St Lawrence Marsh Green Dunkeswell Staplegrove Colley Lane Tiverton Moorhayes Millfield Nether Stowey Tiverton Junction

Category 1 Category 1 Category 1 Category 1 Category 1 Category 2 Category 2 Category 2 Category 2 Category 2

Good target voltage 
modification capability

Good target voltage 
modification capability

Good target voltage 
modification capability

Good target voltage 
modification capability

Good target voltage 
modification capability

Limited target voltage 
modification capability

Limited target voltage 
modification capability

Limited target voltage 
modification capability

Limited target voltage 
modification capability

Limited target voltage 
modification capability

Can remotely select more 
than 2 group settings

Can remotely select more 
than 2 group settings

Can remotely select up to 
2 group settings

No ability to remotely 
control settings

No ability to remotely 
control settings

Can remotely select more 
than 2 group settings

Can remotely select up to 
2 group settings

Can remotely select up to 
2 group settings

No ability to remotely 
control settings

No ability to remotely 
control settings

MicroTAPP installed - 
ability to select more than 

2 group settings

MicroTAPP installed - 
ability to select more than 

2 group settings

Alstom KVGC202 relays 
installed - ability to 

control 2 group settings 
remotely

Alstom MVGC01 installed - 
no ability to change 

settings remotely for SVO

AVE5 electro-mechanical 
relays installed - no ability 

to change settings 
remotely

MicroTAPP installed - 
ability to select more than 

2 group settings

Alstom KVGC202 relays 
installed - ability to 

control 2 group settings 
remotely

Alstom KVGC202 relays 
installed - ability to 

control 2 group settings 
remotely

Alstom MVGC01 installed - 
no ability to change 

settings remotely for SVO

AVE5 electro-mechanical 
relays installed - no ability 

to change settings 
remotely

Excellent Condition Excellent Condition Average Condition Good Condition Poor Condition Excellent Condition Good Condition Good Condition Good Condition Average Condition

Modern transformers and 
equipment, ssubstation in 

excellent condition

Modern transformers and 
equipment, substation in 

excellent condition

T1 manufacturered in 
1960, T2 in 1980. New 
11kV switchboard. No 

issues reported with this 
substation

New equipment installed 
in 1997, no reports of any 
issues with this substation

Transformers in very poor 
condition with significant 

oil leaks. Site requires 
frequent attention

Modern transformers and 
equipment, ssubstation in 

excellent condition

Transformers installed in 
2006, no reported issues 

with the substation

Transformers installed in 
2004, no reported issues 

with the substation

New equipment installed 
in 1990, no reports of any 
issues with this substation

Substation equipment 
from 1950's, well 

maintained but starting to 
show signs of 
deterioration

No significant impact
Voltage sensitive 

customer(s)
No significant impact No significant impact No significant impact No significant impact No significant impact

Voltage sensitive 
customer(s)

No significant impact
Voltage sensitive 

customer(s)

No impact expected for 
customers connected to 

Waterlake

PV generation with 
dedicated 11kV feeder

No impact expected for 
customers connected to 

Marsh Green

No impact expected for 
customers connected to 

Dunkeswell

No impact expected for 
customers connected to 

Staplegrove

No impact expected for 
customers connected to 

Colley Lane

No impact expected for 
customers connected to 

Tiverton Moorhayes

PV generation and 
storage customers with 
dedicated 11kV feeders

No impact expected for 
customers connected to 

Nether Stowey

PV generation with 
dedicated 11kV feeder

Little or no connection 
applications

Little or no connection 
applications

Little or no connection 
applications

Little or no connection 
applications

Little or no connection 
applications

Average number of 
connection applications

Little or no connection 
applications

Little or no connection 
applications

Little or no connection 
applications

Little or no connection 
applications

Only a limited number of 
connection applications

Only a limited number of 
connection applications

Only a limited number of 
connection applications

Only a limited number of 
connection applications

Only a limited number of 
connection applications

Average connection 
activity with 7.75MW of 

generation commited

Only a limited number of 
connection applications

Little connection activity 
with only 1MW of 

generation commited

Only a limited number of 
connection applications

Only a limited number of 
connection applications

Score 80.8 75.8 53.3 48.3 33.3 84.2 60.8 55.8 48.3 35.8

Voltage Modification 
Capability

Existing AVC 
Capability

Substation Condition

Connected Customer 
Impact

Customer Connection 
Activity
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Glossary 
 
Term Definition 

AVC Relay Automatic Voltage Control Relay – relay utilised to control 
automatic adjustment of a transformer tap position when 
control of the voltage is required as load varies. 

DMS Distribution Management System - a collection of 
applications designed to monitor and control a distribution 
network efficiently and reliably. DMS acts as a decision 
support system to assist the control room and field 
operating personnel with the monitoring and control of 
the electric distribution system.  

CAN Bus Controller area network - CAN bus is a vehicle bus 
standard designed to allow substation relays and devices 
to communicate with each other in applications without a 
host computer. 

DNP3 Distributed Network Protocol – DNP3 is a communication 
protocol used between components in substation 
automation systems. It is primarily used for 
communication between a master station, RTUs and IEDs 
within a substation. 

EMS Energy Management System - EMS is a system of 
computer-aided tools used by operators of electric utility 
grids to monitor, control, and optimise the performance of 
or the distribution system. 

GOOSE Generic Object Oriented Substation Events - GOOSE is a 
controlled model mechanism in which any format of data 
(status, value) is grouped into a data set and transmitted 
within a time period of 4 milliseconds. 

K-Bus A communication interface and protocol designed to meet 
the requirements of communication with protective relays 
and transducers within the power system substation 
environment. 

PowerON System Software system that addresses the operational and 
control needs of Western Power Distribution to meet the 
WPD’s security, reliability and financial objectives and 
alerts the user to events affecting the network. 

RTD Module Resistance Temperature Detector Module - utilised in an 
AVC relay to provide measurement of transformer winding 
temperature. 
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SCADA Supervisory Control and Data Acquisition - is a software 
system for remote monitoring and control of substations 
operating over communication channels. SCADA systems 
typically allow commands to be issued from central 
control and monitoring points to the substation enabling 
full remote substation control. 

TCP/IP Transmission Control Protocol/Internet Protocol - is the 
basic communication language or protocol of the Internet. 
It can also be used as a communications protocol in a 
private network in a substation (either an intranet or an 
extranet). 
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1 Introduction 

The following report investigates the operational performance of automatic voltage control 
(AVC) relays and their suitability for use with the SVO method. Details are provided on the 
AVC relays currently in service at potential SVO substations, WPD approved relays and a 
selection of relays available on the market that could be utilised for the SVO method.  
 
2 System Voltage Optimisation Sites of Interest 

Table 1 below lists the WPD Bulk Supply Points (BSP) and Primary substations under 
consideration for inclusion of SVO technology and the AVC relays currently installed at each. 
 
Table 2-1: Potential SVO Substations and currently installed relays 

 Substation Name AVC Relay 

Bulk Supply Points Radstock Main GEC MVGC01 

Bridgwater Main Alstom KVGC202 

Street GEC MVGC01 

Exeter City Alstom KVGC202 

Totnes GEC AVE5 

Woodcote GEC MVGC01 

Taunton GEC MVGC01 

Bowhays Cross GEC MVGC01 

Tiverton Fundamentals SuperTAPP n+ 

Exeter Main Alstom KVGC202 

Paignton Alstom KVGC202 

Sowton Reyrolle SuperTAPP 

Primary Substations Nether Stowey GEC MVGC01 

Staplegrove GEC AVE5 

Lydeard St Lawrence Siemens MicroTAPP 

Waterlake Siemens MicroTAPP 

Colley Lane Siemens MicroTAPP 

Tiverton Junction GEC AVE5 

Tiverton Moorhayes Alstom KVGC202 

Marsh Green Alstom KVGC202 

Dunkeswell GEC MVGC01 

Millfield Alstom KVGC202 
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3 AVC Relay Requirements 

Each AVC relay was evaluated with respect to its suitability for use in the SVO method based 
on the following criteria: 
 

i. The AVC relays current functionality and the ability of the AVC relay to function 
with embedded generation connected to the network. 

ii. The ability of the AVC relay to receive voltage target set-point values that are 
directly sent via the WPD SCADA communication platform (DNP3). 

iii. The ability of the AVC relay to receive different setting groups that will be 
directly sent via the WPD SCADA communication platform (DNP3). 

iv. The capability of the AVC relay to support communications protocols that are 
compatible with current WPD communication interfaces (DNP3). 

v. The AVC relays ability to allow the National Grid enforced demand reduction of 
3% and 6%. 

vi. The ability to set hard limits to prevent target voltage settings that are outside 
the safe limits to be accepted and used. 

vii. Specific details of the AVC Relay including pictures and wiring details for each 
relay. 

viii. AVC Relay input and output capability. 
ix. The AVC Relay’s ability to communicate with AVC relays already installed on 

existing WPD substations for split parallel situations. 
 
The report also details, if an AVC relay is to be replaced, whether it can be and is optimal to 
do so in the existing protection panel or if a new protection panel/wallbox should be 
installed.  
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4 Existing AVC Relays Installed on WPD Substations 

4.1 GEC AVE5 and Reyrolle SuperTAPP 

Both of these relays are mechanical in operation and cannot be utilised in the SVO method. 
Therefore the relays were not investigated further in this report.  

4.2 GEC/Alstom MVGC01 

4.2.1 Functionality 

The MVGC01 relay has the following functionality. 
• Solid state device offering line drop compensation, supervision and alarm functions. 
• The regulated voltage, Vs is set by means of a digital thumbwheel switch and the 

appropriate deadband setting, ∆V% selected. 
• In order to minimise unnecessary tap changes due to transient voltage fluctuations, 

the relay incorporates a continuously variable delay before the reclosure of the 
relevant tap change initiating contact for 1 second. The initial time delay is 
selectable for either a definite time or a time delay which is inversely proportional to 
the degree of voltage variations from the Vs setting. 

4.2.2 Ability to Receive Target Set Points and Select Different Setting Groups 

The adjustable settings are detailed in Table 2 below. Local indication of selected load 
shedding is given by LED indicators on the relay with a selector switch available to select 
either local or remote/SCADA operation. 
 
Table 4-1: MVGC01 Adjustable Settings 

 Substation Name 

Regulated Voltage Setting (Vs) 100–139V in 1V steps ±0.5% 

Loading Shedding or Voltage targets –3%, –6%, –9% Vs or 
+3%, +1.5%, or  –1.5% of Vs ±0.5% 
External selection can be remote or local 

Deadband setting ∆V% ±0.5 to ±3.0% of Vs Continuously Adjustable 
Accuracy: ±0.2% of Vs Setting 

 

4.2.3 Ability Support Communication Protocol Compatible with WPD System 

The MVGC01 cannot receive remote target voltage set-point values or alternative setting 
group changes that are directly sent via the WPD SCADA communication platform. 

4.2.4 Allow National Grid Demand Reduction of 3% and 6% 

The MVGC01 relay allows the National Grid enforced demand reduction of 3% and 6%.  

4.2.5 Hard Voltage Limit Capability 

The MVG01 AVC relay has hard limits built into the design to prevent target voltage settings 
that are outside the safe limits to be accepted and utilised.  
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4.2.6  Relay Details (Pictures, Panel, Wiring Details) 

The relay is housed in standard Size 8 case, as shown in Figure 4-2 below, incorporating a 
terminal block for external connections.  
 

 
Figure 4-1: Picture of an installed MVGC01 

 
Figure 4-2: Picture of MVGC01 inside Panel 
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Figure 4-3: MVGC01 Relay Case Size 

4.2.7 Relay Input and Output Capability 

The relay input and output capability is shown in Figure 4-4 below.  

 
Figure 4-4: MVGC01 Input and Output Diagram 
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4.2.8 Conclusion 

The GEC/Alstom MVGC01 relay lacks the ability to receive remote target set-point voltage 
values and is unable to receive remote alternative setting group changes that will be 
directly sent via the WPD SCADA communication platform. Subsequently, the relay is not 
suitable for utilisation as part of the SVO method. 

4.3 Alstom KVGC202 

4.3.1 Functionality 

The KVGC202 relay is the K Range version of the MVGC voltage regulating relay based on 
the K Range series 2 relays. The KVGC202 has retained the existing functionality of the 
MVGC relay and additional functionalities and features have been added to the relay, to 
allow greater flexibility. 
 

• Transformer Tap Change Control – To maintain the system voltage within finite 
limits, the target regulated voltage (Vs) and the deadband (dVs) are set on the relay. 

• Line Drop Compensation – The KVGC202 relay has the ability to simulate resistive 
and reactive power drop across the power line. 

• Parallel Transformer Applications – The KVGC202 relay has two methods for parallel 
transformer application. The pilot method requires an interconnection between the 
KVGC202 relays and compensates based upon the measured circulating current 
component. The reverse reactance method requires no interconnection and relies 
upon the user setting the line drop compensation to compensate for the circulating 
current. 

• Load Shedding and Boosting – The regulated voltage (Vs) can be lowered or raised 
by up to 10% of the target regulated voltage Vs. 

• The KVGC202 relay includes an extensive range of control and data gathering 
functions to provide a completely integrated system of control, instrumentation, 
data logging and event recording. The relays have a 32 character liquid crystal 
display (LCD) with 4 push-buttons which allow menu navigation and setting changes. 

• By utilising the simple 2-wire communication link all of the relay functions can be 
read, reset and changed on demand from a local or remote PC, loaded with the 
relevant software. 

• The relay can operate in Automatic, Manual or Remote mode. 
• If embedded generation is installed close to the load centre, this can cause reduction 

or possibly reversal of real power flow through upstream transformers. The 
KVGC202 has a reverse current element which can be used to block tap changing or 
change setting groups where there is reverse power flow caused by embedded 
generation. If the load current (IL) is in reverse direction, the ‘Irev’ output relay 
allocated in the relay mask will pick up the reverse current condition to give an 
alarm indication. The logic can be configured to block the operation of the tap 
changer for a reverse current or select group 2 settings will be selected for a reverse 
current. 
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4.3.2 Ability to Receive Target Set Points and Select Different Setting Groups 

• An interface keypad on the front of the relay allows the user to navigate through the 
menu to change settings. As an alternative the relay can be connected to a 
computer via the serial communication port and the relay menu accessed on-line as 
per Figure 4-5 below.  

• Two setting groups are available to allow the user to set Group 1 to normal 
operating conditions while Group 2 can be set to cover abnormal operating 
conditions (Embedded Generation). 

• Remote change of the KVGC202 relay setting group is possible. The selected setting 
group is stored when the relay is powered down and restored on power up.  

• The effective regulated voltage level (Vs) can be lowered or raised by means of the 
load shedding/boosting option. This allows a system operator to override the 
automatic regulation to increase or decrease the system voltage supply. Three 
programmable levels are available settable between 0 to ±10% Vs and can be 
selected either via K-Bus or by using external contacts to select one of 3 binary 
inputs assigned to ‘Level 1’, ‘Level 2’ and ‘Level 3’ as required by the user.  

 
Settings available on the KVGC202 are shown in Table 3 below.  
 
Table 4-2: Alstom FVGC202 Settings 

Setting Adjustment Range Step 

Setting Voltage (Vs) 90 – 139V 0.1V 

Dead Band (dVs) ±0.5% to ±20% of Vs 0.1% for an average tap 
step increment of 1.4% on 
the transformer. 

Load Shedding/Boosting 0 – ±10 % of Vs 1% 
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Figure 4-5: Alstom KVGC202 Communications System 

4.3.3 Ability to Support Communication Protocol Compatible with WPD 

By utilising the simple two-wire communication link shown in Figure 4-5, all of the relay 
functions can be read, reset and changed on demand from a local or remote computer. This 
includes changing relay settings, change of setting groups, and remote control of the 
operating modes. The KVGC202 voltage regulating relay has a serial communication port 
configured to K-Bus Standards 

4.3.4 Allow National Grid Demand Reduction of 3% and 6% 

The KVGC202 relay allows the National Grid enforced demand reduction of 3% and 6%. The 
regulated voltage (Vs) can be lowered or raised by up to 10% of Vs. 

4.3.5 Relay Details (Pictures, Panel, Wiring Details) 

 
Figure 4-6: Picture of KVGC202 Relay 
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Figure 4-7: Picture of KVGC202 inside Panel 

 
Figure 4-8: KVGC202 Relay Case Size 

 
 

 
 Page 16 of 51  



 
 

 

NETWORK EQUILIBRIUM PROJECT AVC REPORT  
ISSUE 3 – February 2016 

4.3.6 Relay Input and Output Capability 

Figure 4-9 below shows the Input and Output diagram for the KVGC202. Six multiplexed 
analogue inputs are available, sampled eight times per power frequency cycle. Eight output 
relays can be programmed to respond to any of the control functions and eight logic inputs 
can be allocated to control functions. The logic inputs are filtered to ensure that Induced AC 
current in the external wiring to these inputs does not cause an incorrect response. 

 
Figure 4-9: KVGC202 Input and Output Diagram 

 

4.3.7 Relay Capability to communicate with existing AVC Relays at Site 

The AVC relay can communicate with existing KVGC202 relays already in service at the 
substation. A simple master-follower scheme could be arranged with a KVGC relay on each 
parallel transformer. The master AVC relay is set to AUTO mode and the followers set to 
MANUAL mode. The master relay is set to regulate the busbar voltage and operate the local 
tap changer in the standard way with two of its output contacts arranged to give raise and 
lower commands. The followers are controlled from two more contacts on the master relay 
set to give raise and lower commands to the manual raise and lower binary inputs on the 
follower relays. In this way when the master relay issues a raise or lower command the 
follower relays will give a raise or lower commands via their manual tap change controls. 

4.3.8 Conclusion 

• The KVGC202 relay has the ability to receive and modify remote target set-point 
voltage values and alter two setting groups within the relay which can be sent via 
the WPD SCADA communication platform utilising an RS232 serial connection. 
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• The KVGC202 has a reverse current element which can be used to block tap 
changing or change setting groups where there is reverse power flow caused by 
embedded generation. 

 
A limit of only two setting groups (Normal/Abnormal) is insufficient for the KVGC202 relay 
utilisation as part of the network equilibrium project. 
 

4.4 Fundamentals SuperTAPP n+ 

4.4.1 Functionality 

The SuperTAPP n+ voltage control relay is available as a ‘basic’ model or as an ‘advanced’ 
model with the functionality of each model detailed in Table 4.  
 
Table 4-3: SuperTAPP n+ Functionality 

Feature Basic Model Advanced Model 

Activated VT Inputs 1 2 

Activated CT Inputs 1 3 

Line Drop Compensation Yes Yes 

Transformer Paralleling Yes Yes 

Voltage Reduction Yes Yes 

Embedded Generation Functions No Yes 

Load Exclusion No Yes 

Load Inclusion No Yes 

Load Correction No Yes 

Av for Double Sec Winding No Yes 

VT Switching No Yes 

 
• Parallel Transformer Applications – The SuperTAPP n+ employs the ‘enhanced TAPP’ 

method to calculate the circulating current (site and network components) and 
convert it into a corrective voltage bias, Vcirc. The voltage bias modifies the target 
voltage of the relays in order to promote tap changer operations which will reduce 
the circulating current to a minimum. The site circulating current is calculated using 
the ‘true circulating current’ method, which is dependent on the individual 
transformer load and the summed load of paralleled transformers. The network 
circulating current is calculated using the ‘TAPP’ method (Transformer Automatic 
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Paralleling Package) which is dependent on the group load and target power factor 
setting of the relay. 

• The circulating currents are then converted into Vcirc using the following relay 
settings: 
i. Transformer rating 
ii. Firm capacity 
iii.  Transformer % impedance 
iv. Sensitivity factor for network circulating current* 
*the sensitivity factor is included to reduce the errors associated with a fluctuating 
load power factor (for example due to embedded generation). The default setting is 
10% as a safety margin. 

• Load Drop Compensation - The SuperTAPP n+ incorporates a reverse LDC function in 
both the basic model and the advanced model. 

• In order that the voltage is boosted for Load drop  compensation the bias to apply to 
the relay for positive LDC is calculated using the following: 
i. LDC setting 
ii. Group load 
iii. Target power factor (relay setting) 
iv.  Firm capacity (relay setting) 

• The applied LDC bias is capped at the setting level, it cannot be more than the 
setting level even if the group load increases to above the firm capacity setting level 

• The basic relay model can be configured to apply reverse LDC in such a way that 
mirrors the forward power flow response.  

• The advanced relay model has extra LDC settings available to provide more flexibility 
for reverse power flow. Other settings for reverse LDC are ‘max reverse load’ and 
‘reverse LDC level’. The ‘max reverse load’ defines the group load level at which the 
‘reverse LDC level’ is applied. The target power factor which the relay uses to 
calculate the LDC response can be modified for reverse power. The relevant setting 
is called ‘reverse power factor’. 

• The advanced model of the relay has extra VT and CT inputs available to provide 
enhanced voltage control for all application complexities. The extra inputs are used 
for the following: 
i.  Feeder current measurements to accommodate embedded generation, reactive 

sources/loads or special applications proportional to load. 
• There are two modes of operation for the relay as follows: 

i. Auto Mode – relay controls the tap changer 
ii. Non-Auto Mode – operator controls the tap changer 

• These modes of operation can exist in Local and Remote control to give the 
following combinations of control mode: 
i. Local Auto – tap changer controlled by the relay 
ii. Local Non-Auto – tap changer manually controlled by an operator at the 

substation (at the tap changer or at the relay panel) 
iii. Remote Auto – tap changer controlled by the relay but influenced by SCADA 

communications (DNP3, IEC 61850 etc.) 
iv. Remote Non-Auto – tap changer controlled via an operator by remote raise and 

lower commands over SCADA communications (DNP3, IEC 61850 etc.) 
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• The relay has binary inputs available to switch between Auto and Non-Auto control 
modes. 

• In order to solve the problems associated with embedded generation the SuperTAPP 
n+ relay has functions available which utilise feeder current measurements as 
detailed below: 
i. Accurate LDC based on the ‘true’ group load. With generation present the 

summed transformer currents do NOT represent the group load .The relay can 
determine generation output(s) based on feeder current measurements and 
utilise the measurement to calculate the ‘true’ group load. 

ii. Generation compensation –A reduction in relay target voltage in proportion with 
calculated generation output levels. 

• The RTMU relay is also available and is used to provide extra functions for 
independent monitoring and control of the tap changer: 

i. Tap position indication 
ii. Voltage monitoring 
iii. Runaway prevention 
iv. VT fuse monitoring 
v. Auto/Non-auto control switches 

 
WPD are being asked by National Grid to tap stagger when National Grid volts are high and 
there is a lack of reactive power on the network to import VAR’s. The SuperTAPP n+ relay 
does not have the ability to provide tap stagger functionality.  
 

4.4.2 Ability to Receive Target Set Points and Select Different Setting Groups 

• The SuperTAPP n+ relay can accept remote target voltage values through its CAN bus 
communications interface, as well as other control commands such as auto/manual 
select.  Target voltage settings can be sent to the SuperTAPP n+ relay and be set to 
any value. 

• The voltage target setting value of the relay can be modified by remote voltage 
adjustments applied via digital status inputs or SCADA communications. 

• Three status inputs are available on the SuperTAPP n+ providing added flexibility for 
different applications. The inputs can be configured to operate in two modes: 
i. Fixed - adjustments are applied as permanent signals and result in fixed 

changes to the relay basic target voltage while the signals are active. 
ii. Step - adjustments are applied as fleeting signals and result in step changes 

to the relay basic target voltage each time a signal is received. 
• All measured values, setting group status, target voltage, relay status are available 

through remote communication. A life contact indicating relay healthy is also 
available as well as tap changer mechanism control. 

• An alternative setting group and three voltage adjustments are available in the 
SuperTAPP n+ and the associated settings are shown in Table 5. 
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Table 4-4: Fundamentals SuperTAPP n+ Available Settings 

Setting Adjustment Range Default Setting 

Target Voltage 90 % - 110 % step 0.1 % 100 % 

Bandwidth 0.5 % - 5 % step 0.1 % 1.5 % 

Voltage Target Adjustment 1 -6 % to +6 % step 0.1 % -3 % 

Voltage Target Adjustment 2 -6 % to +6 % step 0.1 % -6 % 

Voltage Target Adjustment 3 -6 % to +6 % step 0.1 % 3 % 

Step Size 0.5 % to 3 % step 0.1 % 1 % 

4.4.3 Ability to Support Communication Protocol Compatible with WPD 

• Remote Communication is achieved by the use of a protocol converter to convert 
the proprietary CAN communications protocol that the SuperTAPP n+ AVC relays 
utilises into DNP3 data points. The protocol converter utilised is the ENVOY unit that 
has an Ethernet connection for communication by DNP3 over TCP/IP. There is also 
serial RS232 available for communication. 

• Communications to WPD ENMAC interfaces are supported. DNP3 and IEC61850 have 
been utilised in previous SuperTAPP n+ projects such as the Northern Power Grid 
Skegness low carbon hub. 

• The SuperTAPP n+ is already successfully utilised with DNP3 communication via WPD 
SCADA as part of the dynamic voltage control project. 

• Remote tap changer operation is controlled via the relay by SCADA communications 
(DNP3, IEC61850 etc.). SCADA communication is available only with an 
accompanying ENVOY unit (communications platform developed specifically for use 
with the SuperTAPP n+ relay). 

4.4.4 Allow National Grid Demand Reduction of 3% and 6% 

The SuperTAPP n+ relay allows the National Grid enforced demand reduction of 3% and 6%. 
Voltage reduction commands can be sent through the communications interface or hard 
wired inputs can be utilised to reduce demand. 

4.4.5 Hard Voltage Limit Capability 

The SuperTAPP n+ scheme has settable high and low voltage limits to prevent the scheme 
from tapping outside of these limits. 
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4.4.6 Relay Details (Pictures, Panel, Wiring Details) 

 

 

 
Figure 4-10: Fundamentals SuperTAPP n+ Relay and RTMU Dimensions 
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• The SuperTAPP n+ relay is mounted in a 19’’ panel using 4mm screws with an 
accompanying Fundamentals RTMU monitor relay to give a complete SuperTAPP n+ 
voltage control system as shown in Fig.9. All connections to the relay are made at 
the rear through Phoenix type connectors 

• The SuperTAPP n+ relay accompanied by an RTMU monitor (Tap position indication, 
Voltage monitoring, Runaway prevention, VT fuse monitoring, Auto/Non-auto 
control switches) and control relay (Fundamentals product) to form a complete AVC 
(automatic voltage control) system. 

 

 
Figure 4-11: Fundamentals SuperTAPP n+ Typical Panel Mounting 
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4.4.7 Relay Input and Output Capability 

• The SuperTAPP n+ relay has 2 VT inputs and 3 CT inputs available for use. The basic 
model has one VT and one CT activated. The advanced model has all inputs activated 
for use.  

• SuperTAPP n+ relay Input/Output Capability  is shown in Fig.10 with Typical 
connections shown in Fig.11 

 

Figure 4-12: Fundamentals SuperTAPP n+ Relay Input/Output Capability 

Terminal 
Reference 

Description 

A1 – A6 Power Supply 

B1 – B6 Current Measurement Inputs 

C1- C4 Lower Tap/Common/Common/Raise Tap 

D1 – D6 Relay Healthy/Relay Fail/AVC Alarm/Control (Non-Auto)/Control 
Automatic 

E1 – E4 Voltage Measurement Inputs 

F1 – F8 Voltage Adjustment 1,2,3 / Remote, Local/Auto, Non-Auto/Alternative 
Settings/Common 
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Figure 4-13: Fundamentals SuperTAPP n+ Circuit Diagram 
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4.4.8 Relay Capability to communicate with existing AVC relays at Site 

• SuperTAPP n+ relay can accommodate parallel operation of up to six units using the 
peer-to-peer communications bus system (CAN bus). Units operating together on 
the CAN bus should have the same software version to ensure compatibility. 

• Each relay on the CAN bus reports measurement and status information which is 
received by all relays on the bus. Each relay has a transformer ID and a group ID 
which are configured in the settings. 

• The SuperTAPP n+ relays can communicate with other SuperTAPP n+ relays to 
operate transformers in parallel. However, communication with alternative AVC 
relays at site is not viable. 

 

4.4.9 Relay Installation at Site 

The SuperTAPP n+ relay (And the RTMU Unit Dimensions) dimensions do not allow the relay 
to be utilised as a direct replacement for the GEC/Alstom MVGC01 or Alstom KVGC202 relay 
on the existing substation relay panels without modifying the existing panel aperture. 
 

4.4.10 Conclusion 

• The SuperTAPP n+ relay has the capability to accept target voltage values and 
alternative setting groups through its CAN bus communications interface and has 
been utilised previously on the WPD system using DNP3 WPD SCADA control as part 
of the dynamic voltage control project. 

• The SuperTAPP n+ has facilities to facilitate problems associated with embedded 
generation and reverse power flow on a network with functions available utilising 
feeder current measurements. 

• The SuperTAPP n+ relay dimensions combined with the RTMU unit do not allow the 
relay to be utilised as a direct replacement for the GEC/Alstom MVGC01 or Alstom 
KVGC202 relay on existing substations.  

• WPD are being asked by National Grid to tap stagger when National Grid volts are 
high and there is a lack of reactive power on the network to import VAR’s. The 
SuperTAPP n+ does not have the ability to provide tap stagger functionality. 

• The SuperTAPP n+ advanced model contains the embedded generation 
functionality. 

 

4.5 Siemens MicroTAPP Relay 

4.5.1 Functionality 

The Siemens MicroTAPP relay has the following functionality.  
 

• Two methods of control are provided by the MicroTAPP relay 
i. The TAPP system which uses an enhanced negative reactive circulating 

current principle. 
ii. Detection of circulating current between transformers connected to the 

same busbar but not through a network. 
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• The MicroTAPP control algorithm calculates the magnitude of the circulating 
current which is the vector difference between load, IT1load, and the individual 
transformer current and determines the target voltage bias value according to 
the following rules: - 

i. If reactive current flows OUT a bias equivalent to the change in voltage is 
added to the measured voltage 

ii. If reactive current flows IN a bias equivalent to the change in voltage is 
deducted from the measured voltage 
It is not possible for this method of circulating current control to be used when 
networks are operated in parallel as the summed load at that site can also 
contain reactive current flowing between remote transformers. 

• A modification of the circulating current principle is used to overcome the 
limitations of the circulating current system described above and allow operation 
of transformers in any configuration, in parallel at a site, or across a network. A 
network Power Factor setting is used to calculate the magnitude of circulating 
current as the vector difference between IT1 (and IT2) and the transformer 
target load line at the target power factor. Unlike the previously described 
circulating current method, the TAPP system does not require load information 
from other transformers in order to minimise reactive current. 

• The MicroTAPP can be configured for use with a Master/Follower tap change 
control scheme; however this arrangement is complex and imposes severe 
limitations on network operation. It is not recommended. 

• Up to 16 transformers operating in parallel can be controlled as a group. 
• Load Drop Compensation – The MicroTAPP includes a ‘Load Drop Compensation’ 

facility which is be used to offset the effect of load related voltage drops. Unlike 
normal controls that respond to transformer load only, the MicroTAPP uses a 
communication system for the transfer of load information to other relays, thus 
allowing each relay to determine the summed site load (I load). Regardless of the 
number of transformers in service at any time the LDC effect will be accurate, 
unlike those systems where the transformer load and thus the LDC effect 
changes as the number of transformers in a group changes. 

• The advanced MicroTAPP relay (MT1-102) is available for applications where 
MW and MVar power flow is more dynamic, for instance when applied to 
Generator step up Transformers or at embedded generation sites. The voltage 
control point can be switched between HV and LV depending upon the running 
arrangement of the plant. This is done by switching relay setting groups from the 
plant status fed to the relay via hardwired inputs or via the communication 
network. 

• The MicroTAPP relay has tap stagger functionality to allow the import or export 
of reactive power. However, to gain enough reactive power the tap changers 
have to be adjusted 6 taps apart. MicroTAPP tap stagger functionality is not good 
enough to achieve the required reactive power import requirements (Ref: 
Electricity North West Customer Load Active System Services Second Tier LCN 
Fund Project Closedown Report - 30 September 2015.) 
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4.5.2 Ability to Receive Target Set Points and Select Different Setting Groups 

• Settings applicable to a particular site can be applied to the relay either locally 
from the relay display, a PC via the relay fascia serial port, or remotely over a 
communications link via the rear mounted fibre optic connections. 

• 8 groups of settings can be stored by the relay with three auxiliary target settings 
available. When the relay is energised, it will operate with the settings group 
that was last applied. 

• The MicroTAPP does not support new target voltage settings through external 
communications interface. The MicroTAPP target voltage settings can only be 
adjusted via pre-set fixed values at the relay. 

• Siemens MicroTAPP settings are shown in Table.6 
 
Table 4-5: Siemens MicroTAPP Settings 

Setting Adjustment Range Step 

Target Voltage 
(% of nominal voltage) 

85 to 115% 
(Nominal 100%) 

0.1% 

Voltage Band 
(% of nominal voltage) 

0.5 to 10.0% 0.1% 

Auxiliary Target 1 
(% of nominal voltage) 

55 to 115% 0.1% 

Auxiliary Target 2 
(% of nominal voltage) 

55 to 115% 0.1% 

Auxiliary Target 3 
(% of nominal voltage) 

55 to 115% 0.1% 

 

4.5.3 Ability to Support Communication Protocol Compatible with WPD 

• The MicroTAPP relay has provision for communication either locally to a 
computer or remotely to the operations centre. IEC60870-5-103 is utilised by the 
relay for the transfer of data. 

• The Communication Interface incorporates the following ports: 
i.  A pair of fibre optic ST connectors for transmit and receive communications 

to a substation SCADA or integrated control system (Com 1). 
ii. A pair of fibre optic ST connectors for access by protection engineers (Com 

2). 
 

4.5.4 Allow National Grid Demand Reduction of 3% and 6% 

The MicroTAPP relay allows the National Grid enforced demand reduction of 3% and 6%. 
 

4.5.5 Hard Voltage Limit Capability 

The MicroTAPP scheme has settable high and low limits voltage to prevent the scheme from 
tapping outside of the prescribed limits. 
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4.5.6 Relay Details (Pictures, Panel, Wiring Details) 

The relay is contained within a standard Epsilon case of 4U (177mm) in height and E8 
(208mm) or E12 (312mm) in width. The case size selected depends upon the input/output 
requirements of the scheme connections (Fig.12). 
 

 
 
 

 
 

Figure 4-14: Siemens MicroTAPP Relay (E8 Case) 
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Figure 4-15: MicroTAPP Relay (E12) Typical Panel Mounting 
 

 
 

Figure 4-16: Siemens MicroTAPP Relay Dimensions (E8 and E12 Case) 
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Figure 4-17: Siemens MicroTAPP Typical Connections Diagram 
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4.5.7 Relay Input and Output Capability 

• 11 status inputs are available and 5 binary output are available which are user 
programmable 

• Inputs to the relay and outputs for indications and control are user 
programmable 

• Other inputs include the digital tap position indicator and the resistor tap 
position indicator. 

 

4.5.8 Relay Capability to communicate with existing AVC relays at Site 

• At a site each MicroTAPP can connect to another MicroTAPP relays through a 
screened twisted pair cable. The MicroTAPP Peer to Peer Communication system 
(MPPC) is used to transfer data between the relays relating to the overall 
operation of the MicroTAPP group at a site. 

• The MicroTAPP cannot communicate to other manufacturers relays currently 
installed in WPD substations. 

 

4.5.9 Conclusion 

• The MicroTAPP does not support new target voltage settings through external 
communications interface. However, the MicroTAPP target voltage settings can 
be adjusted via pre-set fixed values. 

• IEC60870-5-103 is utilised by the relay for the transfer of data rather than DNP3 
protocol as per WPD requirements for the SVO project. 

• The MicroTAPP is being discontinued by Siemens and replaced with the MR 
TAPCON relay. 

• A cost effective method of modifying the existing MicroTAPP AVC scheme to 
allow utilisation as part of the SVO project is to utilise interposing relays to 
modify the MicroTAPP group settings. This modification is detailed in a separate 
report with proposed typical circuit diagrams provided. 

• The MicroTAPP relay has tap stagger functionality to allow the import or export 
of reactive power. However, to gain enough reactive power the tap changers 
have to be adjusted 6 taps apart. MicroTAPP tap stagger functionality is not good 
enough to achieve the required reactive power import requirements. (Ref: 
Electricity North West Customer Load Active System Services Second Tier LCN 
Fund Project Closedown Report - 30 September 2015) 
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5 New AVC Relays for the SVO Project 

5.1 A-Eberle REG-D 

5.1.1 Functionality 

The A-Eberle REG-D relay has the following functionality.  
 

• The Eberle REG-D relay offers several voltage control methods: 
i. Master-Slave - This operation is only suitable for transformers of the 

same nominal power, short-circuit voltage, number of tap-changes, tap-
changing. 

ii. Master-Follower - If the transformers have a different tap-change 
position, the master will set all transformers which are in this parallel-
switching to the master‘s tap-change position. 

iii. ∆I sinϕ - Busbar parallel operation with a maximum of five transformers 
with equal nominal power and equal short-circuit voltage. The tap-
changes may differ and the cos ϕ in the net may take any values 
requested 

iv. ∆I sinϕ (S) - Transformers with different nominal power which feed in the 
net by a bus bar. The short-circuit voltages of the transformers should be 
as equal as possible because deviations may cause a different capacity 
utilisation of the transformers. 

v. ∆ cosϕ - Transformers which are feeding in one network independently 
from each other and for which there is no bus link between the assigned 
regulators. 

• The REG-D also includes individual feeders into the AVC scheme providing a 
solution to cope with dynamic changes of the voltage at local level caused by 
renewable generation and with reverse power flow 

• Some of the existing AVC manufacturers use direct circulating current method 
for measurement. However, renewable generation and increase of nonlinear 
loads on the grid cause cos φ values to fluctuate, thus making this method 
unreliable as a method of minimising circulating currents.  The ATCC scheme 
based on REG-D provides the solution for changing cos φ using an adaptive 
Δcosφ algorithm. Thus it can successfully work in an environment where cosφ is 
changing (embedded generation). See Appendix A for further information. 

• REG-D has the capability to deal with reverse power flow. In case the power flow 
changes direction, REG-D 'sends' the tap changer to a fixed position 
predetermined by the grid condition of the grid node the transformer has been 
connected to. This functionality allows the use of any other voltage controller(s) 
installed in the downstream network to work to its widest regulating range by 
setting the transformer tap changer into an appropriate position.  

• The Generation Exclusion Module (GEM) of the relay consists of a single phase 
bidirectional active power transducer connected via current sensors to an 
existing feeder CT. GEMS are used on each predominantly generation feeder 
especially where full reversal of the power flow is expected on a given feeder. 
The amount and direction of active power measured from these feeders is then 
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used to modulate LDC (line drop compensation) to cater for changes in the bar / 
feeder voltage profile. 

• WPD are being asked by National Grid to tap stagger when National Grid volts 
are high and there is a lack of reactive power on the network to import VAR’s. 
The Eberle REG-D relay does have the ability to execute commands providing tap 
stagger functionality. Eberle REG-D can tap stagger to any number of taps apart. 

 

5.1.2 Ability to Receive Target Set Points and Select Different Setting Groups 

• New target voltage settings within active setting groups can be modified 
remotely using the communication link. Dead band settings can also be changed 
remotely. 

• Apart from 3% and 6% reduction, the ATCC scheme based on Eberle REG-D relay 
has seven setting groups. Within each setting group, target set point voltages, 
dead bands and other setting within a group can also be adjusted to a desired 
level using remote commands. 

• The change of each setting group can be performed remotely. Alternatively, 
active setting groups can be selected from the REG-D front panel graphic user 
interface and via any of the available binary inputs.  

 

5.1.3 Ability to Support Communication Protocol Compatible with WPD 

The change of each setting group or alternative target voltage setting can be carried out 
remotely using a SCADA/DMS/EMS communication link which utilises one of the industry 
established communication protocols such as IEC101/IEC103/IEC104, DNP3, IEC61850, 
MODBUS RTU, TCP/IP. 
 

5.1.4 Allow National Grid Demand Reduction of 3% and 6% 

REG-D relay allows the National Grid enforced demand reduction of 3% and 6%. Voltage 
reduction commands can be sent through the remote communications interface. 
 

5.1.5 Hard Voltage Limit Capability 

Voltage limit settings can be fixed but can also be programmable. There are several voltage 
limit settings, each of them programmable either in relative or in absolute values (Fig.16) 
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Figure 5-1: A-Eberle REG-D Hard Voltage Limit Capability 

 
The Eberle REG-D relay is configured such that target voltage settings issued via SCADA will 
be rejected if the voltage change falls outside of the voltage limit settings. 
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5.1.6 Relay Details (Pictures, Panel, Wiring Details) 

 
 
 

 
Figure 5-2: A-Eberle REG-D Relay Dimensions and GA 
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5.1.7 Relay Input and Output Capability 

• Two independent CT and VT inputs are available for a single phase current / 
active/reactive/apparent power measurement and two CT and VT inputs are 
always used for three winding transformers whilst one current and one voltage 
input is used for two winding transformers.  

• 16 Digital Inputs are available by an additional module BIN-D (8 or 16 DI per 
module subject to case space/terminals available). A further three slots are 
available for any combination of any of the three modules to be used for tap 
position indication etc. 

• 2 x DC mA inputs are available and one Pt100 probe connection when 
transformer monitoring is activated. The Two DC mA inputs provided are used to 
cater for feeder active power measurement (bidirectional -20...0...20 mA DC) 
using external single phase active power transducer and current sensors to cater 
for renewable generation influence on the bar/feeder voltage profile. Where an 
extended number of feeders is required on the scheme the number of DC mA 
inputs can be extended by an additional module ANA-D (8 DC mA inputs per 
module). 

• 17 binary outputs are available expandable by an additional BIN-D module (8 or 
16 DO per module subject to case space/terminals available). Some of the binary 
outputs are factory configured whilst some are freely programmable. One or all 
of the three slots available for any combination of any of the three modules. 

• One slot can be utilised for 2 x DC mA outputs where remote hard wired 
indication of tap position is required or any other remote indication using DC mA 
hard wired connection to an existing RTU/IED.       
  

5.1.8 Relay Capability to communicate with existing AVC relays at Site 

The majority of AVC relays in the market utilise proprietary methods to communicate 
between AVC relays at site. Harmonisation of the Eberle REG-D relay with other 
manufacturer’s existing relays at WPD sites is not viable. 
 

5.1.9 Relay Installation at Site 

• The Eberle REG-D relay dimensions allow the relay to be utilised as a direct 
replacement for the GEC/Alstom MVGC01 but the Eberle REG-D relay cannot be 
used as a replacement for the Alstom KVGC202 relay on existing WPD 
substations as part of the SVO project without modifying the panel apeture due 
to the REG-D relay dimensions. 

• Where commissioning or assistance during the commissioning is required, 
remote assistance can be performed. An air gap technique (limited by time and 
physical connectivity) is used by Eberle for secure access to the substation. 
Subsequently no installation software is required on the commissioning 
engineers PC. However, the air gap technique is to be utilised during 
commissioning only and must be disconnected following energisation. 
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Figure 5-3: A-Eberle REG-D Panel Mounting Dimensions 

 
 

5.1.10 Conclusion 

• The Eberle REG-D relay has the capability to accept target voltage values and 
alternative setting groups through a communication interface. 

• ATCC scheme based on REG-D provides the solution for changing cos φ using an 
adaptive Δcosφ algorithm. Thus it can successfully work in the environment 
(embedded generation) where cosφ is changing  

• Eberle REG-D relay is utilised extensively by Scottish and Southern Energy and 
Scottish Power for automatic voltage control on their respective networks. 

• The Eberle REG-D relay dimensions allow the relay to be utilised as a direct 
replacement for the GEC/Alstom MVGC01 but the relay cannot be used as a 
replacement for the Alstom KVGC202 relay on existing WPD substations as part of 
the SVO scheme due to REG-D relay dimensions. 

• Eberle REG-D can do tap stagger to any number of tap apart. 
• Product/commissioning support in provided from outside the UK. 
• The Erbele REG-D relay is technically suitable for utilisation as part of the Network 

Equilibrium Project.  
• WPD are being asked by National Grid to tap stagger when National Grid volts are 

high and there is a lack of reactive power on the network to import VAR’s. The 
Eberle REG-D relay does have the ability to execute commands providing tap stagger 
functionality. Eberle REG-D can tap stagger to any number of taps apart 
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5.2 Maschinenfabrik Reinhausen (MR) TAPCON ISM 

5.2.1 Functionality 

The MR TAPCON relay has the following functionality.  
 

• The TAPCON ISM (Integrated Smart Module) relay is of modular configuration 
and can operate in four modes: 
i. Auto mode (AVR AUTO) - In auto mode, the device automatically 

regulates the voltage in accordance with the set parameters. Manual tap-
change operations using operating controls, inputs or a control system 
are not possible. 

ii. Manual mode (AVR MANUAL) - In manual mode, the user can perform 
manual tap-change operations to increase or decrease the voltage. The 
voltage is not regulated automatically. 

iii. Local mode (LOCAL) - In the Local operating mode, the user can make 
entries and input commands using the device's operating controls. The 
user cannot use inputs or the control system to make entries or enter 
commands. 

iv. Remote mode (REMOTE) - In the Remote operating mode, the user can 
make entries and carry out commands using digital inputs or the control 
system, depending on remote access. 

• Parallel operation of up to 16 transformers in 2 groups is possible using the 
following methods: 
i. Parallel operation following the "Circulating reactive current minimisation" 

principle. The circulating reactive current is calculated from the 
transformer currents and their phase angles. A voltage proportional to the 
circulating reactive current is added to the independently regulating 
TAPCON relay as a correction for the measurement voltage 

ii. Parallel operation following the "Tap synchronisation" (master/follower) 
principle. With the Tap synchronisation parallel operation method, the 
user needs to designate one voltage regulator as the master and all others 
as followers. The master handles voltage regulation and transmits its 
latest tap positions to all followers via a CAN bus. The followers compare 
the tap position received with their own tap position, 

iii. Negative Reactance principle is also available without CAN bus connection 
• The TAPCON ISM relay can be supplied with a Dynamic Set point Control (TDSC) 

function used to adapt the desired voltage value depending on the measured active 
power. This function allows the relay to compensate for a voltage drop during 
increased load or an increase in voltage due to a decentralised feed as encountered 
with embedded generation. Depending on whether positive or negative active 
power is measured, the desired value calculation is based on 2 linear equations. 
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Figure 5-4: Active Power Dependent Adjustment of Desired Voltage Value 

 
 

• Figure 5-4 shows: 
i. If the measured active power Pmeas exceeds the set parameter Pmax, the 

value Umax is adopted as the desired value. 
ii. If the measured active power Pmeas falls below the set parameter Pmin, the 

value Umin is adopted as the desired value. 
• Dynamic set point control can be chosen with one of three different sets of 

parameters. 
• WPD are being asked by National Grid to tap stagger when National Grid volts are 

high and there is a lack of reactive power on the network to import VAR’s. The 
TAPCON ISM relay does not have the ability to provide tap stagger functionality but 
MR are currently investigating the possibility of providing such functionality in future 
firmware. 

• A line drop compensation facility is provided. The device provides 2 methods of 
compensation for this purpose: 
i. R and X compensation which required precise line data. The TAPCON calculates 

ohmic and inductive voltage drop. 
ii. Z compensation to activate a current dependent increase in voltage. 

 

5.2.2 Ability to Receive Target Set Points and Select Different Setting Groups 

• The following settings can be defined remotely using the communication link.  
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Table 5-1: TAPCON ISM Relay Settings 

 
 

• 3 alternative setting groups can be set locally and subsequently can then be altered 
remotely to select each group. 

• Following selection of a setting group, a target voltage setting can then be adjusted 
remotely. 

 

5.2.3 Ability to Support Communication Protocol Compatible with WPD 

TAPCON ISM can operate remotely via DNP3, MODBUS ASCII, MODBUS RTU, IEC 60870-5-
101, IEC 60870-5-103 and IEC61850. 
 

5.2.4 Allow National Grid Demand Reduction of 3% and 6% 

The TAPCON relay allows the National Grid enforced demand reduction of 3% and 6%. 
Voltage reduction commands can be sent through the remote communications interface. 

 

5.2.5 Hard Voltage Limit Capability 

The TAPCON ISM relay has a parameter allowing the user to define how the device behaves 
when a limit value is infringed. The options available may vary depending on the limit value. 
The following options are available in Table 5-2.  
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Table 5-2: TAPCON ISM Relay Limit Options 

 
 

5.2.6 Relay Details (Pictures, Panel, Wiring Details) 

• The device is designed as 19 inch slide-in housing with modular configuration and 
multiple modular connection via CAN bus. 

• The relay is provided with a measurement modules, CPU and I/O Modules. 
• The relay dimensions are 483W x 133H x 178D as shown in Figure 5-5.  
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Figure 5-5: Dimensions for TAPCON ISM Relay 
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Figure 5-6: TAPCON Typical Panel Mounting 

 

5.2.7 Relay Input and Output Capability 

• The TAPCON ISM relay is supplied with two units for measuring current and voltage. 
The UI1 assembly is utilised for single-phase measurement of voltage and current. 
The UI 3 assembly is used for 3-phase measurement of voltage and current. 

• The TAPCON ISM relay can be supplied with various numbers of digital inputs and 
outputs depending on the version ordered:  

i. DIO 28-15: 28 inputs, 15 outputs (6 normally open contacts, 9 
changeover contacts) 

ii. DIO 42-20: 42 inputs, 20 outputs (8 normally open contacts, 12 
changeover contacts) 
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• TAPCON ISM Relay assemblies provide analog inputs and outputs with 2 channels 
and four channels respectively. 

 

5.2.8 Relay Capability to communicate with existing AVC relays at Site 

The majority of AVC relays available in the market utilise proprietary methods to 
communicate between AVC relays at site. Harmonisation of the TAPCON ISM relay via CAN 
bus with other manufacturer existing relays at WPD sites is not viable. 
 

5.2.9 Relay Installation at Site 

The TAPCON ISM relay dimensions (Full 19” Rack) does not allow the relay to be utilised as a 
direct replacement for the GEC/Alstom MVGC01, Alstom KVGC202 relay or the MicroTapp 
relay on existing WPD substations as part of the SVO project. Product/commissioning 
support is provided by Siemens Monkton Office in the UK. 
 

5.2.10 Conclusion 

• Northern Powergrid has purchased two TAPCON relays for trial on the NPG network 
and have experienced the following issues during utilisation. 
i. The configuration files are not transferrable like normal relays. However, the 

relay settings are relatively simple so this should not be an issue. 
ii. DNP communication has proved to be an issue when communicating with the 

RTU, however this issue is currently being resolved 
iii. A separate transducer is required for tap position indication but this should not 

cause any issues. 
• Product/Commissioning support is provided by Siemens UK Monkton office. 
• Tap Raise/Tap Lower is software driven via the relay. Subsequently if relay power is 

lost, it is not possible to manual tap outside of the relay. (MR TAPCON are currently 
investigating this issue and are to propose a solution to WPD) 

• The TAPCON ISM relay dimensions does not allow the relay to be utilised as a direct 
replacement for the GEC/Alstom MVGC01, Alstom KVGC202 relay or Mircotapp relay 
on existing WPD substations as part of the SVO project due to the relay dimensions 
without modifying the panel aperture. 

• WPD are being asked by National Grid to tap stagger when National Grid volts are 
high and there is a lack of reactive power on the network to import VAR’s. The 
TAPCON ISM relay does not have the ability to provide tap stagger functionality but 
MR are currently investigating the possibility of providing such functionality. 
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5.3 Fundamentals SuperTAPP Ultimate SG 

5.3.1 Conclusion 

• The SuperTAPP Ultimate SG relay is the successor the to the SuperTAPP n+ relays 
with DAM units and Envoy units configured into a single unit. The relay incorporates 
additional features to the SuperTAPP n+ relay including 
i. Integrated manual controls 
ii. Load/line Drop Compensation 
iii.  Paralleling multiple transformers through: 
iv. Transformer Advanced Paralleling Principle 
v. Negative Reactance 
vi. True Circulating Current (Master-follower can also be handled) 
vii. Tap-changer monitoring and runaway prevention 
viii. Additional I/O and mA loop options 
ix. Autonomous algorithms for frequency and load-based voltage adjustments 
x. Tap stagger 
xi. Smart Grid logic processing 

• The SuperTAPP SG relay will not communicate with the Super TAPP n+ relay 
• The relay is currently still under development and is not currently approved for 

utilisation on the WPD network. Fundamentals are currently reluctant to provide 
any information or technical manuals. 

• WPD are being asked by National Grid to tap stagger when National Grid volts are 
high and there is a lack of reactive power on the network to import VAR’s. The 
SuperTAPP SG (Ultimate) does have the ability to provide the required tap stagger 
functionality. 
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6 Appendix A: REG-D Adaptive Δcosφ Scheme 
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1 Panel Design A - Front Swing Frame, Fixed Rear Panel Design 
Substation: Bowhays Cross, Street BSP, Taunton, Colley Lane, Dunkeswell, Lydeard St 
Lawrence, Marsh Green, Mill Field, Nether Stowey, Tiverton Moorhayes, WaterLake 

 
 

 

Tx No.2 Panel Tx No.1 Panel 
 

Tx No.1 Panel 
 

Tx No.2 Panel 
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Panel Design A Option 1 – Outage on 132/33kV Transformer No.1 and Transformer No.2 
Circuits - Existing Front Sheet Modifications 
i. Outage on 132/33kV transformer No.1 and ensure the associated relay panel and AVC 

panel is isolated. 
ii. 132/33kV transformer No.2 AVC relay set to manual tap. 
iii. Remove 132/33kV transformer No.1 AVC relay and the associated wiring/equipment. 

All panel wiring which is obsolete following equipment removal is to be completely 
removed from the panel and the trunking. Cutting panel wiring back to the trunking is 
not acceptable. 

iv. Plasma cut/chain drill transformer No.1 AVC relay panel front sheet (under risk of trip) 
to accommodate new AVC relay (Depending on replacement AVC Relay Dimensions) 

v. Install new transformer No.1 AVC relay in the existing panel and any associated 
equipment (New AVC relay to be pre-wired with 5m loom and pre-ferruled prior to 
the outage) including installation of new AVC relay communication to RTU. 

vi. Test and commission transformer No.1 AVC relay panel. 
vii. Energise 132/33kV transformer No.1 (New AVC relay set to manual tap) and 

subsequently take an outage on 132/33kV transformer No.2. Ensure the associated 
No.2 relay panel and No.2 AVC panel is isolated. 

viii. Remove 132/33kV transformer No.2 AVC Relay and associated wiring/equipment. All 
panel wiring which is obsolete following equipment removal is to be completely 
removed from the panel and the trunking. Cutting panel wiring back to the trunking is 
not acceptable. 

ix. Plasma cut/chain drill transformer No.2 AVC relay panel front sheet (under risk of trip) 
to accommodate new AVC relay (Depending on replacement AVC Relay Dimensions) 

x. Install new transformer No.2 AVC relay into the existing panel and any associated 
equipment (AVC relay to be pre-wired with 5m loom and pre-ferruled prior to the 
outage) including installation of new relay communication to RTU. 

xi. Test and commission transformer No.2 AVC relay panel. 
xii. Energise 132/33kV transformer No.2 
xiii. Switch 132/33kV transformer No.1 and 132/33kV transformer No.2 AVC relays from 

MANUAL to AUTO tap. 
xiv. Repair AVC relay panel front sheets with blanking plates as required. 

 
Panel Design A Option 2 – Reduced Risk of Trip on 132/33kV Transformer No.1 and 
Transformer No.2 Circuits – New AVC Panel Front Sheets to Existing Carcass 
i. Outage on 132/33kV transformer No.1 and ensure the associated relay panel and AVC 

panel is isolated. 
ii. 132/33kV transformer No.2 AVC relay set to manual tap. 
iii. Remove 132/33kV transformer No.1 AVC relay panel front sheet and the associated 

wiring/equipment. All panel wiring which is obsolete following equipment removal is 
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to be completely removed from the panel and the trunking. Cutting panel wiring back 
to the trunking is not acceptable. 

iv. Install new transformer No.1 AVC relay front sheet on the existing panel carcass and 
all associated equipment (New AVC Relay Panel Front Sheet to be pre-wired with 5m 
loom and pre-ferruled prior to the outage) including installation of new relay 
communication to RTU. 

v. Test and commission new transformer No.1 AVC relay panel with new front sheet. 
vi. Energise 132/33kV transformer No.1 (New AVC relay set to manual tap) and 

subsequently take an outage on 132/33kV transformer No.2. Ensure the associated 
relay panel and AVC panel is isolated. 

vii. Remove 132/33kV transformer No.2 AVC relay panel front sheet and the associated 
wiring/equipment. All panel wiring which is obsolete following equipment removal is 
to be completely removed from the panel and the trunking. Cutting panel wiring back 
to the trunking is not acceptable. 

viii. Install new transformer No.2 AVC relay panel front sheet on the existing panel carcass 
and all associated equipment (New AVC relay panel front sheet to be pre-wired with 
5m looms and pre-ferruled prior to the outage) including installation of new AVC relay 
communication to RTU. 

ix. Test and commission transformer No.2 AVC relay panel. 
x. Energise 132/33kV transformer No.2 
xi. Switch 132/33kV transformer No.1 and 132/33kV transformer No.2 AVC relays from 

MANUAL to AUTO tap. 
 

 
Panel Design A Option 3 – Minimum Outage on Existing 132/33kV Transformer No.1 and 
Transformer No.2 Circuits – New AVC Panel (Space in the Relay Room to be clarified on an 
substation by substation basis) 
i. Deliver, install and cold commission New AVC 132/33kV transformer 

No.1/transformer No.2 relay panel containing 2 x new AVC relays and associated 
equipment including new relay communication to RTU. 

ii. New multi-core/multi-pair cables to be installed at site. 
iii. Existing 132/33kV transformer No.2 AVC relay set to manual tap. 
iv. Reduced outage on 132/33kV transformer No.1 to connect new multi-core cables, 

multi-pair cables and associated communication to RTU panel. 
v. Test and commission transformer No.1 AVC relay and associated equipment. 
vi. Energise 132/33kV transformer No.1 (New AVC relay set to Manual Tap) and 

subsequently take an outage on 132/33kV transformer No.2. 
vii. Reduced outage on 132/33kV transformer No.2 to connect new multi-core cables, 

multi-pair cables and associated communication to RTU panel. 
viii. Test and Commission transformer No.2 AVC relay and associated equipment. 
ix. Energise 132/33kV transformer No.2. 
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x. Switch 132/33kV transformer No.1 and 132/33kV transformer No.2 AVC relays from 
MANUAL to AUTO tap. 

xi. Removed existing 132/33kV transformer No.1 and transformer No.2 relay panels from 
the substation and repair the substation floor accordingly. 

xii. Multi-core cables which become obsolete as a result of any panel modifications must 
be tied back. This is to be agreed with the Western Power Distribution SAP on a site-
by-site, panel-by-panel basis. 
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2 Panel Design B – Fixed Front, Rear Access Panel Design, 19” 
Rack 

Substation: Bridgewater Main BSP 

 

 
 
 

Tx No.1 and Tx No.2 Panel 
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Panel Design B Option 1 – Outage on 132/33kV Transformer No.1 and Transformer No.2 
Circuits –Remove Existing AVC Relays and Install New AVC Relays. 
(Confirmation from WPD required for wiremen to work in a Live Relay Panel) 
 
i. Outage on 132/33kV transformer No.1 and ensure the associated existing AVC relay is 

isolated (Transformer No.1 AVC Relay only). 
ii. 132/33kV transformer No.2 AVC relay set to manual tap. 
iii. Remove existing transformer No.1 AVC relay and the associated wiring/equipment. All 

panel wiring which is obsolete following equipment removal is to be completely 
removed from the panel and the trunking. Cutting panel wiring back to the trunking is 
not acceptable. 

iv. Install new transformer No.1 AVC Relay (With associated relay collar) in the existing 
panel and associated equipment (New AVC relay to be pre-wired with 5m loom and 
pre-ferruled prior to the outage) including installation of new relay communication to 
RTU. Wire transformer No.1 AVC relay and associated equipment to spare terminals in 
the rear of the panel 

v. Test and commission transformer No.1 AVC relay 
vi. Energise 132/33kV transformer No.1 (New AVC relay set to manual tap) and 

subsequently take an outage on 132/33kV transformer No.2 and ensure the 
associated AVC relay is isolated (Transformer No.2 only). 

vii. Remove existing transformer No.2 AVC relay and the associated wiring/equipment. All 
panel wiring which is obsolete following equipment removal is to be completely 
removed from the panel and the trunking. Cutting panel wiring back to the trunking is 
not acceptable. 

viii. Install new transformer No.2 AVC relay (With associated relay collar) in the existing 
panel and associated equipment (New AVC relay to be pre-wired with 5m loom and 
pre-ferruled prior to the outage) including installation of new relay communication to 
RTU. Wire transformer No.2 AVC relay and associated equipment to spare terminals in 
the rear of the panel 

ix. Test and commission transformer No.2 AVC relay 
x. Energise 132/33kV transformer No.2 
xi. Switch 132/33kV transformer No.1 and 132/33kV transformer No.2 AVC relays from 

MANUAL to AUTO tap. 
xii. Fit blanking plates to the relay panel as required. 
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Panel Design B Option 2 – Reduced Outage on 132/33kV Transformer No.1 and Transformer 
No.2 Circuits –Existing AVC Relays Maintained with New AVC Relays Installed Above. 
(Confirmation from WPD required for wiremen to work in a Live Relay Panel) 

 
i. Modify existing transformer No.1/transformer No.2 AVC panel moving forced 

cooling lamp and tap change on supervisory lamp to lower tier (See Photograph 
below) clearing upper tier for New AVC Relay Installation. 

 
 
i. Install new transformer No.1 AVC Relay (With associated relay collar) in the existing 

panel in tier above existing AVC relay and install associated equipment (New AVC 
relay to be pre-wired with 5m loom and pre-ferruled prior to the outage) including 
installation of new relay communication to RTU. Wire transformer No.1 AVC relay 
and associated equipment to spare terminals in the rear of the panel. 

ii. Install new transformer No.2 AVC Relay (With associated relay collar) in the existing 
panel in tier above existing AVC relay and install and associated equipment (New 
AVC relay to be pre-wired with 5m loom and pre-ferruled prior to the outage) 
including installation of new relay communication to RTU. Wire transformer No.2 
AVC relay and associated equipment to spare terminals in the rear of the panel 

Forced Cooling Lamp Tap Change On Lamp 

New Lamp Positions 
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iii. Outage on 132/33kV transformer No.1 and ensure the associated existing AVC relay is 
isolated (Transformer No.1 AVC Relay only). 

iv. 132/33kV Transformer No.2 AVC relay set to manual tap. 
v. Move associated multi-core cables and multi-pair cables from existing AVC relay 

connections to new AVC relay connections. 
vi. Test and commission transformer No.1 AVC relay. 
vii. Energise 132/33kV transformer No.1 (New AVC relay set to manual tap) and 

subsequently take an outage on 132/33kV transformer No.2 and ensure the 
associated AVC relay is isolated (transformer No.2 only). 

viii. Move associated multi-core cables and multi-pair cables from existing AVC relay 
connections to new AVC relay connections. 

ix. Test and commission transformer No.2 AVC relay 
x. Switch 132/33kV transformer No.1 and 132/33kV transformer No.2 AVC relays from 

MANUAL to AUTO tap. 
xi. Remove transformer No.1 AVC relay, voltage transformer supervision relay and the 

associated wiring/equipment. All panel wiring which is obsolete following equipment 
removal is to be completely removed from the panel and the trunking. Cutting panel 
wiring back to the trunking is not acceptable. 

xii. Remove transformer No.2 AVC relay, voltage transformer supervision relay and the 
associated wiring/equipment. All panel wiring which is obsolete following equipment 
removal is to be completely removed from the panel and the trunking. Cutting panel 
wiring back to the trunking is not acceptable. 

xiii. Fit blanking plates to the relay panel as required. 
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Panel Design B Option 3 – Minimum Outage on Existing 132/33kV Transformer No.1 and 
Transformer No.2 Circuits – New AVC Panel (Space in the Relay Room to be clarified on a 
substation by substation basis) 
i. Deliver, install and cold commission New AVC 132/33kV transformer 

No.1/transformer No.2 Relay Panel containing 2 x new AVC relays and associated 
equipment. 

ii. New multi-core/multi-pair cables to be installed at site and associated communication 
to RTU panel. 

iii. 132/33kV transformer No.2 AVC relay set to Manual Tap. 
iv. Reduced outage on 132/33kV transformer No.1 to connect new multi-core cables, 

multi-pair cables and associated communication to RTU panel. 
v. Test and commission transformer No.1 AVC relay and associated equipment. 
vi. Energise 132/33kV transformer No.1 (New AVC relay set to Manual Tap) and 

subsequently take an outage on 132/33kV transformer No.2. 
vii. Reduced outage on 132/33kV transformer No.2 to connect new multi-core cables, 

multi-pair cables and associated communication to RTU panel. 
viii. Test and commission transformer No.2 AVC relay and associated equipment. 
ix. Energise 132/33kV transformer No.2. 
x. Switch 132/33kV transformer No.1 and 132/33kV transformer No.2 AVC relays from 

MANUAL to AUTO tap. 
xi. Remove existing 132/33kV transformer No.1 and transformer No.2 AVC relays and the 

associated equipment and fit blanking plates as required. 
xii. Multi-core cables which become obsolete as a result of any panel modifications must 

be tied back. This is to be agreed with the Western Power Distribution SAP on a site-
by-site, panel-by-panel basis. 
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3 Panel Design C – Fixed Front, Rear Access Panel Design, No 
19” Rack or Swing Frame 

Substation: Tiverton Junction, Radstock Main 

 
Panel Design C Option 1 – Outage on 132/33kV Transformer No.1 and Transformer No.2 
Circuits- Existing Front Sheet Modifications 
i. Outage on 132/33kV transformer No.1 and ensure the associated relay panel and AVC 

panel is isolated. 
ii. 132/33kV transformer No.2 AVC relay set to Manual Tap. 
iii. Remove 132/33kV transformer No.1 AVC Relay and the associated wiring/equipment. 
iv. Plasma cut/chain drill the transformer No.1 AVC relay panel front sheet (under risk of 

trip) to accommodate new AVC relay (Depending on replacement AVC relay 
dimensions) 

v. Install new transformer No.1 AVC Relay in the existing panel and associated 
equipment (New AVC relay to be pre-wired with 5m loom and pre-ferruled prior to 
the outage) including installation of new relay communication to RTU. 

vi. Test and commission transformer No.1 AVC relay panel. 

Tx No.1  Panel Tx No.2 Panel 
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vii. Energise 132/33kV transformer No.1 (AVC relay set to Manual Tap) and subsequently 
take an outage on 132/33kV transformer No.2 and ensure the associated relay panel 
and AVC panel is isolated. 

viii. Remove 132/33kV transformer No.2 AVC relay and the associated wiring/equipment 
ix. Plasma cut/chain drill transformer No.2 AVC relay panel front sheet (under risk of trip) 

to accommodate new AVC relay (Depending on replacement AVC relay dimensions) 
x. Install new transformer No.2 AVC Relay into the existing panel and associated 

equipment (AVC relay to be pre-wired with 5m looms and pre-ferruled prior to the 
outage) including installation of new relay communication to RTU. 

xi. Test and commission transformer No.2 AVC relay panel. 
xii. Energise 132/33kV transformer No.2 
xiii. Switch 132/33kV transformer No.1 and 132/33kV transformer No.2 AVC relays from 

MANUAL to AUTO tap. 
xiv. Repair AVC relay panel front sheets with blanking plates as required. 

 
Panel Design C Option 2 – Reduced Risk of Trip on 132/33kV Transformer No.1 and 
Transformer No.2 Circuits - New AVC Panel Front Sheets to Existing Carcass 
i. Outage on 132/33kV transformer No.1 and ensure the associated relay panel and AVC 

panel is isolated. 
ii. 132/33kV transformer No.2 AVC relay set to Manual Tap 
iii. Remove 132/33kV transformer No.1 AVC relay panel front sheet and the associated 

wiring/equipment. All panel wiring which is obsolete following equipment removal is 
to be completely removed from the panel and the trunking. Cutting panel wiring back 
to the trunking is not acceptable. 

iv. Install new transformer No.1 AVC relay front sheet on the existing panel carcass and 
all associated equipment (New AVC relay panel front sheet to be pre-wired with 5m 
looms and pre-ferruled prior to the outage) including installation of new relay 
communication to RTU. 

v. Test and commission transformer No.1 AVC relay panel. 
vi. Energise 132/33kV transformer No.1 (AVC set to manual tap) and subsequently take 

an outage on 132/33kV transformer No.2 and ensure the associated relay panel and 
AVC panel is isolated. 

vii. Remove 132/33kV transformer No.2 AVC relay panel front sheet and the associated 
wiring/equipment. All panel wiring which is obsolete following equipment removal is 
to be completely removed from the panel and the trunking. Cutting panel wiring back 
to the trunking is not acceptable. 

viii. Install new transformer No.2 AVC relay panel front sheet into the existing panel 
carcass and all associated equipment (AVC relay panel front sheet to be pre-wired 
with 5m looms and pre-ferruled prior to the outage) including installation of new relay 
communication to RTU. 
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ix. Test and commission transformer No.2 AVC relay panel. 
x. Energise 132/33kV transformer No.2 
xi. Switch 132/33kV transformer No.1 and 132/33kV transformer No.2 AVC relays from 

MANUAL to AUTO tap. 
 
 

Panel Design C Option 3 – Minimum Outage on existing 132/33kV Transformer No.1 and 
Transformer No.2 Circuits – New AVC Panel (Space in the Relay Room to be clarified on a 
substation by substation basis) 
i. Deliver, install and cold commission new AVC 132/33kV transformer 

No.1/transformer No.2 relay panel containing 2 x new AVC relays and associated 
equipment. 

ii. New multi-core/multi-pair cables to be installed at site. 
iii. 132/33kV transformer No.2 AVC relay set to manual tap. 
iv. Reduced outage on 132/33kV transformer No.1 to connect new multi-core cables, 

multi-pair cables and associated communication to the RTU panel. 
v. Test and commission transformer No.1 AVC relay and associated equipment. 
vi. Energise 132/33kV transformer No.1 (New AVC relay set to manual tap) and 

subsequently take an outage on 132/33kV transformer No.2. 
vii. Reduced outage on 132/33kV transformer No.2 to connect new multi-core cables, 

multi-pair cables and associated communication to the RTU panel. 
viii. Test and commission transformer No.2 AVC relay and associated equipment. 
ix. Energise 132/33kV transformer No.2. 
x. Switch 132/33kV transformer No.1 and 132/33kV transformer No.2 AVC relays from 

MANUAL to AUTO tap. 
xi. Removed existing 132/33kV transformer No.1 and transformer No.2 relay panels from 

the substation and repair the substation floor accordingly 
xii. Multi-core cables which become obsolete as a result of any panel modifications must 

be tied back. This is to be agreed with the Western Power Distribution SAP on a site-
by-site, panel-by-panel basis. 
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4 Panel Design D – Fixed Front, Transformer Mounted AVC 
Relay 

Substation : Staplegrove 

 
 

Panel Design D Option 1 – Reduced Risk of Trip on 132/33kV Transformer No.1 and 
Transformer No.2 Circuits - New AVC Panel Front Sheet to Existing Cubicle 

i. Outage on 132/33kV transformer No.1 and ensure the associated relay panel 
and AVC relay is isolated. 

ii. 132/33kV transformer No.2 AVC relay set to manual tap 
iii. Remove 132/33kV transformer No.1 AVC Relay Panel front Sheet and the 

associated wiring/equipment. All panel wiring which is obsolete following 
equipment removal is to be completely removed from the panel and the 
trunking. Cutting panel wiring back to the trunking is not acceptable. 

AVC Relay 

AVC 
Front 
Sheet 
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iv. Install new transformer No.1 AVC relay front sheet on the existing panel carcass 
and all associated equipment (New AVC Relay Panel Front Sheet to be pre-wired 
with 5m looms and pre-ferruled prior to the outage) including installation of new 
relay communication to RTU. 

v. Test and commission transformer No.1 AVC relay panel. 
vi. Energise 132/33kV transformer No.1 (AVC set to Manual Tap) and subsequently 

take an outage on 132/33kV transformer No.2 and ensure the associated relay 
panel and AVC panel is isolated. 

vii. Remove 132/33kV transformer No.2 AVC Relay Panel Front Sheet and the 
associated wiring/equipment. All panel wiring which is obsolete following 
equipment removal is to be completely removed from the panel and the 
trunking. Cutting panel wiring back to the trunking is not acceptable. 

viii. Install new transformer No.2 AVC relay panel front sheet into the existing panel 
carcass and all associated equipment (AVC relay panel front sheet to be pre-
wired with 5m looms and pre-ferruled prior to the outage) including installation 
of new relay communication to RTU. 

ix. Test and commission transformer No.2 AVC relay panel. 
x. Energise 132/33kV transformer No.2 
xi. Switch 132/33kV transformer No.1 and 132/33kV transformer No.2 AVC relays 

from MANUAL to AUTO tap. 
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5 Panel Design E (MicroTAPP Only) – Cost Effective Modification 
of Existing MicroTAPP AVC Scheme to allow Utilisation as part 
of SVO Project. 

Substation: Colley Lane, Lydeard St Lawrence, Waterlake 

 
Panel Design E (MicroTAPP) Option 1 – Outage on 132/33kV Transformer No.1 and 
Transformer No.2 Circuits – Utilise Existing AVC Relays as part of SVO Project. 
AVC Circuit Diagram T1 WP109592 Revision 3 (Green / Red Markups) 
AVC Circuit Diagram T2 WP109593 Revision 3 (Green / Red Markups) 
 
i. Extract Reydisp files from MicroTAPP relays (transformer No.1 and transformer No.2) 
ii. Outage on 132/33kV transformer No.1 and ensure the associated protection relay and 

MicroTAPP AVC relay is isolated. 
iii. 132/33kV transformer No.2 MicroTAPP AVC relay set to manual tap. 
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iv. Remove wiring indicated on circuit diagram WP109592 (Green Markup). All panel 
wiring which is obsolete is to be completely removed from the panel and the trunking. 
Cutting panel wiring back to the trunking is not acceptable. 

v. Install required new wiring and new group setting relays (Arteche Type BF-3BB – 5 
off). 

vi. Test and commission transformer No.1 AVC relay panel. (New Reydisp file is required 
to be uploaded to the relay with the relevant six settings groups incorporated as 
shown below) 

 
vii. Energise 132/33kV transformer No.1 (MicroTAPP AVC relay set to manual tap) and 

subsequently take an outage on 132/33kV Transformer No.2 and ensure the 
associated relay panel and MicroTAPP AVC panel is isolated. 

viii. Remove wiring indicated on circuit diagram WP1109593 (Green Markup). All panel 
wiring which is obsolete is to be completely removed from the panel and the trunking. 
Cutting panel wiring back to the trunking is not acceptable. 

ix. Install required new wiring and new group setting relays (Arteche Type BF-3BB 5 off). 
x. Test and commission transformer No.2 AVC relay panel. (New Reydisp file is required 

to be uploaded to the relay with the relevant six settings groups incorporated) 
xi. Energise 132/33kV Transformer No.2 
xii. Switch 132/33kV transformer No.1 and 132/33kV transformer No.2 AVC relays from 

MANUAL to AUTO tap. 
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SVO Substation Investigation 
Bowhays Cross 132/33kV BSP 

1 Introduction 

The following report details the findings from the investigation of Bowhays Cross 132/33kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation. 

The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  

2 Substation Overview 

2.1 Description 

Bowhays Cross 132/33kV Substation belongs to the Seabank-Bridgwater-Taunton Grid 
Group and is normally fed via two 132kV overhead circuits from Taunton GSP. It has two 
40/60MVA 132/33kV transformers operating with the bus section normally closed. 

The substation was originally constructed in the mid 1970’s with both transformers 
replaced between 2006 and 2008 and the 33kV switchgear replaced in 2010. 

The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 

2.2 Investment under RIIO-ED1 

There are currently no plans to carry out investment works at the substation as part of RIIO-
ED1.  

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to remain 
relatively constant over the next five years with the firm capacity not being reached. 

Table 2-1: Load forecast for Bowhays Cross 132/33kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Bowhays 
Cross 132/33 0.96 44.89 44.45 44.53 44.63 44.87 45.22 78 

2.4 Customers 

2.4.1 Number of Customers 

Bowhays Cross supplies five primary substations with normally open connections to a 
further two. The total number of customers supplied is 42,736.  
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2.4.2 Type of Loads 

The primary substations supplied from Bowhays Cross are located in mainly rural areas and 
as such the main load types are domestic and light industrial. There is a single 33kV supplied 
load customer connected to Bowhays Cross BSP via two 33kV feeders. There is a single 
customer on the 33kV network that is considered as voltage sensitive. 

2.4.3 Generation 

The total amount of embedded generation currently feeding into the Bowhays Cross BSP 
network is 5.82MW from a single solar PV connection. Three further solar PV connections 
are committed which will be connected to the 33kV network adding a further 17.52MW of 
generation to give a total of 23.34MW. [2015 LTDS table 5]  

2.5 Voltage Control Equipment 

2.5.1 Transformers 

The two 40/60MVA 132/33kV transformers at Bowhays Cross were manufactured in 2001 
and 2005 respectively and commissioned on site between 2006 and 2008. Both were 
manufactured by EBG with 19 position ATL-AE3 tap changers installed.  

2.5.2 Automatic Voltage Control Relays 

Bowhays Cross currently utilises two MVGC01 relays for voltage control of its transformers. 
The existing scheme was installed in 1994 with modifications carried out following the 
replacement of the 132/33kV transformers and 33kV switchgear.  

2.5.3 Auxiliary Systems 

The substation contains an 110V battery that was installed in 2009 alongside the 
replacement of the 33kV switchgear. The D20 SCADA communications system was also 
installed alongside the 33kV switchgear replacement works. 
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3 SVO Method Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  

3.2 Substation Voltage Range 

3.2.1 Study 

The feeder voltages calculated through PSS/E studies are shown in Table 3-1 below with the 
maximum and minimum voltages across the whole network highlighted in bold.  

Table 3-1: Bowhays Cross Feeder Voltage Analysis 

Feeder Feeder Max Voltage (pu) Feeder Min Voltage (pu) 
1 1.034 1.006 
2 1.042 1.007 
3 1.069 1.019 
4 1.039 1.019 
5 1.041 1.023 
6 1.049 0.997 
7 1.031 0.994 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Bowhays Cross BSP over a two year 
period. Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical 
day.  
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Figure 3-1: Historic voltage profile at Bowhays Cross BSP 

 

 
Figure 3-2: 30/07/15 Voltage profile at Bowhays Cross BSP 
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3.2.3 Results 

The study results show that for Bowhays Cross BSP, the voltage can be reduced by 0.054pu 
and still keep all parts of the 33kV network within statutory limits. It is not possible to 
increase the voltage and remain within statutory limits.  

The historical voltage profiles show that the voltage has gradually decreased from 0.04pu to 
0.03pu above nominal over the last two years with an average daily fluctuation in voltage of 
0.019pu.  

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Bowhays Cross the relays must be replaced with one of the 
recommended relays.  

3.3.2 AVC Panel 

The existing panels are front access swing door frame that contain suitable room to 
accommodate a new AVC relays. Therefore the current relays will be removed and the 
panels adapted to fit the new relays. This will also involve a replacement of internal control 
wiring and additional terminal blocks to accommodate the new communication 
requirements.  

3.3.3 Monitors 

The following existing measurement points can be utilised by the SVO method for 
verification purposes.  

Table 3-2: Bowhays Cross Feeder Measurement Locations 

Bowhays Cross BSP Feeder Measurement Locations 33 kV VT 11 kV VT 
Alcombe 11kV NO YES 
Holford 11kV NO YES 
Luckwell Road 11kV YES YES 

Periton 11kV NO YES 

Wiveliscombe 11kV YES YES 

Bowhays Cross 11 kV YES YES 

3.3.4 SCADA 

Modifications are required to the existing SCADA interface to accommodate the relay 
specific control signals. The existing communications scheme is sufficient but will require 
the installation of extra wiring and communications cards. 

Page 9 of 20 



SVO Substation Investigation 
Bowhays Cross 132/33kV BSP 

3.3.5 Auxiliary systems 

The existing battery systems at the substation have sufficient spare capacity for any new 
equipment installed for the SVO method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Bowhays Cross BSP. The Health and Safety at Work Act 1974 and Electricity at 
Work Regulations 1989 shall be fully implemented with a view to making the equipment 
safe to install, operate and maintain. 

4.2 CDM 

The works at Bowhays Cross BSP will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works.  

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 

Table 4-1: Site specific risks 
Risk Effect Action 

Second transformer trips when 
working on the other transformer. 

Customers lose supply. Fines may be 
incurred depending on the outage time. 

Consider surveying the overhead line. 
Stage the work to meet the Emergency 
Return To Service (ERTS).  
Ensure the two transformers are 
serviced before the work is carried out 
to ensure they are in good condition. 
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SVO Substation Investigation 
Bridgwater 132/33kV BSP 

1 Introduction 

The following report details the findings from the investigation of Bridgwater Main 
132/33kV Substation for the inclusion of SVO technology. The report will provide an 
overview of the substation, including existing customer information and installed 
equipment, and provide details of the work required to successfully integrate the SVO 
technology at the substation.  
 
The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  
 
2 Substation Overview 

2.1 Description 

Bridgwater Main 132/33kV substation belongs to the Seabank-Bridgwater-Taunton Grid 
Group and is normally fed via three 132kV circuits from Bridgwater Main GSP. The 
substation is normally operated in parallel with a single transformer at Street 132/33kV 
substation. Bridgwater Main BSP has one 132/33kV 30/60MVA transformer and two 
40/60MVA transformers operating together with the bus section normally closed. 
 
The substation was originally constructed in the mid 1970’s with the 33kV switchboard and 
two of the transformers upgraded in 2013.  
 
The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 
 

2.2 Investment under RIIO-ED1 

There are currently no plans to carry out investment works at this substation as part of RIIO-
ED1.  
 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to 
decrease until 2017/18 before increasing again. The peak demand has reached the firm 
capacity of the substation.  
 
Table 2-1: Load forecast for Bridgwater Main 132/33kV substation [2015 LTDS: Table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Bridgwater 
Main 132/33 0.96 142.02 139.26 137.58 136.62 136.85 138.43 137.16 
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2.4 Customers 

2.4.1 Number of Customers 

The combined Bridgewater Main and Street BSPs supply sixteen primary substations. The 
total number of customers supplied from both is 47,398. 

2.4.2 Type of Loads 

The primary substations supplied from Bridgwater Main and Street BSPs are located in both 
urban and rural areas. The substation therefore supplies a wide range of load types with 
both high and low demands. There are also several 33kV connected customers including a 
landfill site and multiple farms. There is a single customer on the 33kV network that is 
considered as voltage sensitive.  

2.4.3 Generation 

The total amount of embedded generation feeding into the Bridgwater Main network is 
currently 115.66MW. Connected to the 33KV network is 81.45MW, with the 11kV network 
having 34.21MW connected.  

The 33kV connection is made up of 10 solar PV sites totalling 61.75MW and two gas sites 
totalling 19.7MW. Seven further solar PV sites are committed for future connection to the 
33KV network which will add a further 62.22MW of generation.  

The 34.21MW connected to the 11kV networks fed from Bridgwater Main BSP is made up of 
a mix of PV, STOR, CHP and other alternative sources. A further 18.35MW of solar PV 
generation is committed for future connection. 

Overall, the committed generation at both voltage levels will add 80.57MW of embedded 
generation giving a total of 196.23MW [2015 LTDS table 5]. Figure 2-1 shows the division of 
capacity between the generation sources found in the network. 

    
Figure 2-1: Pie charts of the networks connected generation (left), connected and committed generation (right) 
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2.5 Voltage Control Equipment 

2.5.1 Transformers 

The original two transformers at Bridgwater Main BSP were replaced in 2013 with two 
40/60MVA transformers from ABB with 19 position ABB VUCG tap changers. The other 
30/60MVA transformer was manufactured by Peebles Power Transformers in 1987 and has 
a 19 position tap changer.  

2.5.2 Automatic Voltage Control Relays 

Bridgwater Main BSP currently utilises three KVGC202 relays for voltage control of its 
transformers. The existing scheme was installed in 2013 alongside the replacement the 
switchgear and transformers.  

2.5.3 Auxiliary Systems 

The substation contains an 110V battery that was installed in 2013 alongside the 
replacement of the 33kV switchgear. The D20 SCADA communications system was also 
installed alongside the 33kV switchgear replacement works. 
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  

3.2 Substation Voltage Range 

3.2.1 Study 

The feeder voltages calculated through PSS/E studies are shown in Table 3-1 below with the 
maximum and minimum voltages across the whole network highlighted in bold.  

Table 3-1: Bridgwater Main Feeder voltage analysis 

Feeder Feeder Max Voltage (pu) Feeder Min Voltage (pu) 
1 1.030 0.940 
2 1.018 0.986 
3 1.060 0.973 
4 1.037 0.985 
5 1.032 0.996 
6 1.031 0.990 
7 1.032 1.007 
8 1.034 1.006 
9 1.041 0.990 
10 1.049 0.963 
11 1.032 1.001 
12 1.032 1.001 
13 1.032 1.006 
14 1.033 1.007 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Bridgwater Main over a two year 
period. Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical 
day.  
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Figure 3-1: Historic voltage profile at Bridgwater 132/33kV 

 

 
Figure 3-2: 10/07/15 Voltage profile at Bridgwater 132/33kV 
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3.2.3 Results 

The study results show that for Bridgewater Main BSP, the voltage cannot be reduced or 
increased and remain within statutory limits.  

The historical voltage profiles show that the voltage initially fluctuated due to replacement 
works being carried out, but following completion of the works in the summer of 2014 the 
average voltage has been consistently around 0.02pu above nominal.   

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Bridgwater Main BSP the relays must be replaced with one of the 
recommended relays.  

3.3.2 AVC Panel 

The existing panel at Bridgwater Main BSP is a fixed front, rear access 19” panel. Therefore, 
the existing relay can be easily removed, along with some blanking plates in order to 
accommodate a new relay. This will also involve a replacement of internal control wiring 
and additional terminal blocks to accommodate the new communication requirements. 

3.3.3 Monitors 

The following existing measurement points can be utilised by the SVO method for 
verification purposes.  

Table 3-2: Bridgwater Main BSP feeder measurement locations 

Bridgwater Main BSP Feeder Measurement Locations 33 kV VT 11 kV VT 
 Bath Road 11kV YES YES 
 Bridgwater Local 11kV YES YES 
 Burnham 11kV NO YES 
 Colley Lane 11kV NO YES 
 Creech St Michael 11kV YES YES 
 Nether Stowey 11kV NO YES 
 Watchfield 11kV YES YES 

3.3.4 SCADA 

Modifications are required to the existing SCADA interface to accommodate the relay 
specific control signals. The existing communications scheme is sufficient but will require 
the installation of extra wiring and communications cards. 
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3.3.5 Auxiliary systems 

The existing auxiliary systems at the substation are sufficient for any new equipment 
installed for the SVO method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Bridgwater Main BSP. The Health and Safety at Work Act 1974 and Electricity 
at Work Regulations 1989 shall be fully implemented with a view to making the equipment 
safe to install, operate and maintain.  
 

4.2 CDM 

The works at Bridgwater Main BSP will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 
 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 
 
Table 4-1: Site specific risks 

Risk Effect Action 

One of the remaining two 
transformers trip when working on 
one transformer. 

Customers lose supply. Fines may be 
incurred depending on the outage time.  

Consider surveying the overhead line 
Stage the work to meet the Emergency 
Return To Service (ERTS).  
Ensure the two transformers are 
serviced before the work is carried out 
to ensure they are in good condition. 
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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SVO Substation Investigation 
Colley Lane 33/11kV 

1 Introduction 

The following report details the findings from the investigation of Colley Lane 33/11kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation.  
 
The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  
 
2 Substation Overview 

2.1 Description 

Colley Lane 33/11kV Substation is normally fed via two 33kV circuits from Bridgwater BSP. 
The substation consists of three 12/24MVA 33/11kV transformers. The substation was 
originally commissioned in the early 1970s but has recently had two transformers replaced 
and there is currently works underway to replace the 33kV switchboard which is due for 
completion in 2016.  
 
The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 
 

2.2 Investment under RIIO-ED1 

There are capital replacement works currently in progress at the site due for completion in 
2016. A new 11kV board is also planned for installation at the substation.  
 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. Overall the load is expected to 
decrease by 0.64MVA over the next five years. 
 
Table 2-1: Load forecast for Colley Lane 33/11kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Colley Lane 132/33kV 0.96 25.34 24.85 24.55 24.38 24.42 24.70 41.06 

 

2.4 Customers 

2.4.1 Number of Customers 

Colley Lane currently supplies 4,400 customers none of which are voltage sensitive.  
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2.4.2 Type of Loads 

The main loads connected to the substation are domestic customers and heavy industrial 
customers.  
 

2.4.3 Generation 

Currently the largest single generation source at Colley Lane is a 750kVA generator from an 
alternative fuel source. There is one solar PV site committed for the future which will 
provide 7.7MW of generation.  
 

2.5 Voltage Control Equipment 

2.5.1 Transformers 

The two newer transformers at Colley Lane were manufactured in 2008 by Brush and are 
12/24MVA units with 17 position ATV 317 44/300L tap changers. The third transformer was 
manufactured by Hawker Siddeley Transformers and was installed in 1989 with a 19 
position tap changer.  
 

2.5.2 Automatic Voltage Control Relays 

Colley Lane utilises three MicroTAPP relays for Voltage Control of its transformers. There is 
currently only a single scheme commissioned as part of the capital works with the other two 
schemes scheduled for completion by June 2016.  
 

2.5.3 Auxiliary Systems 

The substation has an 110V battery system installed as part of the 33kV switchgear 
replacement. The D20 SCADA communications system was also installed alongside the 33kV 
switchgear replacement works. 
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  
 

3.2 Substation Voltage Range 

3.2.1 Study 

Analysis of Colley Lane feeder voltages using WPD IPSA models determined that there is no 
voltage reduction available at Colley Lane whilst remaining within statutory limits. 
 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Colley Lane over a two year period. 
Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical day.  
 

 
Figure 3-1: Historic voltage profile at Colley Lane 
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Figure 3-2: 01/06/15 Voltage profile at Colley Lane 

 

3.2.3 Results 

The voltage studies have shown that the voltage cannot be reduced below 1pu and remain 
within statutory limits.  
 
The historical voltage profiles show that the moving average has fluctuated a little over the 
two years between 0.041pu and 0.046pu with an average of 0.044pu. The daily fluctuations 
in voltage are roughly constant with an average of 0.017pu.  
 
With the substation operating at around 0.04pu above nominal it may be possible to 
achieve some voltage reduction.  
 

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

As the existing MicroTAPP relays have the function to control group settings, it is planned to 
utilise them as part of the SVO method and enable them for use via the installation of 
interposing relays. The relay will require minor wiring modifications and commissioning 
with new settings.  
 

3.3.2 AVC Panel 

Each AVC panel will be modified to include the required number of interposing relays 
internally. These will be mounted to the existing internal rail with all additional wiring 
utilising the existing cable containment within the panel.  
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3.3.3 Monitors 

Following analysis of the 11kV network in IPSA, sixteen potential locations have been 
identified across all feeders from the substation to have voltage monitoring equipment 
installed for SVO verification purposes. 
 

3.3.4 SCADA 

Minor modifications are required to the existing SCADA system to enable selection of the 
different AVC settings groups.  
 

3.3.5 Auxiliary systems 

No modifications are required to the substation auxiliary systems to enable the SVO 
method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Colley Lane. The Health and Safety at Work Act 1974 and Electricity at Work 
Regulations 1989 shall be fully implemented with a view to making the equipment safe to 
install, operate and maintain.  
 

4.2 CDM 

The works at Colley Lane will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 
 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 
 
Table 4-1: Site specific risks 

Risk Effect Action 

One of the remaining two 
transformers trip when working 
on one transformer. 

Customers loose supply. Fines may 
be incurred depending on the outage 
time.  

Consider surveying the Overhead 
Line. 
Stage the work to meet the 
Emergency Return To Service (ETRS).  
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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SVO Substation Investigation 
Dunkeswell 33/11kV 

1 Introduction 

The following report details the findings from the investigation of Dunkswell 33/11kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation.  
 
The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  
 
2 Substation Overview 

2.1 Description 

Dunkeswell 33/11kV Substation is supported by a single 5/6.25MVA transformer fed from 
Tiverton BSP, with another identical transformer run normally open fed from Exeter Main.  
 
The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 
 

2.2 Investment under RIIO-ED1 

There are no plans for capital replacement works at this substation within RII0-ED1.  
 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to increase 
by 0.11MVA over the next five years. However, the firm capacity will not be reached. 
 
Table 2-1: Load forecast for Dunkeswell 33/11kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Dunkeswell 33/11 0.98 4.50 4.50 4.51 4.43 4.56 4.61 7.7 

 

2.4 Customers 

2.4.1 Number of Customers 

Dunkeswell currently supplies 1,500 customers none of which are voltage sensitive.  
 

2.4.2 Type of Loads 

The main loads connected to the substation are light industrial and domestic customers.  
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2.4.3 Generation 

The total amount of embedded generation feeding into the Dunkeswell network is currently 
5.82MW from a single solar PV connection at Higher Bye Farm. Three further solar PV 
connections are committed to in the future which will add 17.52MW to the current level of 
generation. This will give a total of 23.34MW of generation. [Reference to 2015 LTDS table 
5]     
 

2.5 Voltage Control Equipment 

2.5.1 Transformers 

Both transformers at the substations were manufactured by Brush and were installed in 
1997. The transformers are rated at 5/6.25MVA and have a 17 position AT 317 44/300L Tap 
Changer. The site is currently operated with only the single transformer in service at any 
one time due to 33kV supplies from different BSPs.  
 

2.5.2 Automatic Voltage Control Relays 

Dunkeswell utilises two MVGC01 relays for voltage control of its transformers. Each relay is 
located in its own dedicated panel with no other operation equipment installed.  
 

2.5.3 Auxiliary Systems 

The substation has an 110V battery and D20 SCADA system installed.  
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  
 

3.2 Substation Voltage Range 

3.2.1 Study 

Analysis of Dunkeswell feeder voltages using WPD IPSA models determined that a 0.041pu 
voltage reduction was available whilst remaining within statutory limits. 
 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Dunkeswell over a two year period. 
Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical day.  
 

 
Figure 3-1: Historic voltage profile at Dunkeswell 
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Figure 3-2: 01/06/15 Voltage profile at Dunkeswell 

 

3.2.3 Results 

The voltage studies have shown that the voltage can be reduced by 0.041pu below nominal 
and remain within statutory limits.  
 
The historical voltage profiles show that the moving average has fluctuated a little over the 
two years between the values of 0.0023pu and 0.0059pu, on average the value has been at 
0.0041pu. The daily fluctuations in voltage have remained roughly constant over the last 
two years at an average of 0.021pu. 
 

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Dunkeswell the relays must be replaced with one of the 
recommended relays.  
 

3.3.2 AVC Panel 

The switchroom contains minimal space for a new AVC panel to be installed. Therefore the 
new relays will be retrofitted to the existing panels that contain suitable space once the 
existing relays have been removed.  
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3.3.3 Monitors 

Following analysis of the 11kV network in IPSA, three potential locations have been 
identified across all feeders from the substation to have voltage monitoring equipment 
installed for SVO verification purposes. 
 

3.3.4 SCADA 

Modifications are required to the existing SCADA system to enable the full operational 
capability required for the SVO. This will involve the installation of extra communication 
cards and associated wiring.  
 

3.3.5 Auxiliary systems 

No modifications are required to the substation auxiliary systems to enable the SVO 
method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Dunkeswell. The Health and Safety at Work Act 1974 and Electricity at Work 
Regulations 1989 shall be fully implemented with a view to making the equipment safe to 
install, operate and maintain.  

4.2 CDM 

The works at Dunkeswell will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 

Table 4-1: Site specific risks 

Risk Effect Action 

Second transformer trips when 
working on the other 
transformer. 

Customers lose supply. Fines may be 
incurred depending on the outage 
time.  

Consider surveying the Overhead 
Line. 
Stage the work to meet the 
Emergency Return To Service (ETRS). 
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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SVO Substation Investigation 
Exeter City 132/33kV BSP 

1 Introduction 

The following report details the findings from the investigation of Exeter City 132/33kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation. 

The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 

2 Substation Overview 

2.1 Description 

Exeter City 132/33kV substation belongs to the Abham-Exeter-Landulph Grid Group and is 
normally fed via two 132kV circuits from Exeter Main GSP. It has two 132/33kV 45/90MVA 
transformers operating with the bus section normally closed. The substation was originally 
constructed in the early 1970’s with the 33kV switchboard and transformers being replaced 
between 2008 and 2010. 

A selection of photos and the control, single line and EMU diagrams are provided in 
Appendices A-D of this report. 

2.2 Investment under RIIO-ED1 

There are currently no plans to carry out investment works at this substation as part of RIIO-
ED1.  

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The demand at the substation is 
forecast to increase gradually over the next five years. However, the firm capacity will not 
be reached.  

Table 2-1: Load forecast for Exeter City 132/33kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Exeter City 132/33 0.98 97.07 102.85 101.98 102.56 102.72 103.80 114.31 

2.4 Customers 

2.4.1 Number of Customers 

Exeter City supplies eleven primary substations with normally open connections to a further 
three. The total number of customers supplied is 58,104.  
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2.4.2 Type of Loads 

The primary substations supplied from Exeter City are located in mainly urban areas so 
provides a mix of domestic, commercial and industrial loads. There are no 33kV load 
customers connected to the Exeter City network. None of the customers are specified as 
voltage sensitive.  
 

2.4.3 Generation 

The total amount of embedded generation feeding into the Exeter City network is currently 
8.85MW from the 11kV network. A further 1.5MW of solar PV is committed for future 
connection to the 11kV network. On the 33kV network three solar PV sites totalling 
15.75MW and two STOR sites totalling 40.88MW are committed for connection. Overall the 
future commitments at both voltage levels will add 58.13MW of embedded generation 
giving a total generation of 66.98MW [2015 LTDS table 5]. Figure 2-1 shows the division of 
capacity between the generation sources found in the network. 
 

      
Figure 2-1: Pie charts of the networks connected generation (left), connected and committed generation (right)     

 

2.5 Voltage Control Equipment 

2.5.1 Transformers 

Both transformers were manufactured by EBG with 19 position ATL-AE3 tap changers and 
were installed and commissioned in 2009.  
 

2.5.2 Automatic Voltage Control Relays 

Exeter City currently utilises two KVGC202 relays for Voltage Control of its transformers. 
The existing scheme was modified in 2010 alongside the change in switchgear.  

2.5.3 Auxiliary Systems 

The substation contains an 110V battery that was installed in 2010 alongside the 
replacement of the 33kV switchgear. The D20 SCADA communications system was also 
installed alongside the 33kV switchgear replacement works.

Connected Generation 

Solar PV

Gas

Wind

CHP

STOR

Other

Waste

Total = 8.85MW 

Connected + committed Generation 

Solar PV

Gas

Wind

CHP

STOR

Other
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Total = 80.48MW 
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  
 

3.2 Substation Voltage Range 

3.2.1 Study 

The feeder voltages calculated through PSS/E studies are shown in Table 3-1 below with the 
maximum and minimum voltages across the whole network highlighted in bold.  
 
Table 3-1: Exeter City Main Feeder voltage analysis 

Feeder Feeder Max Voltage (pu) Feeder Min Voltage (pu) 
1 1.010 0.985 
2 1.010 0.985 
3 1.010 0.985 
4 1.010 0.985 
5 1.032 0.934 
6 1.032 0.934 
7 1.032 0.934 
8 1.013 0.987 
9 1.011 0.986 
10 1.011 0.986 
11 1.011 0.987 
12 1.012 0.987 

 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Exeter City over a two year period. 
Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical day.  
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Figure 3-1: Historic voltage profile at Exeter City 

Figure 3-2: 10/07/15 Voltage profile at Exeter City 
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3.2.3 Results 

The study results show that for Exeter City BSP, the voltage cannot be reduced and remain 
with statutory limits. However, the study has indicated that the voltage can increase by 
0.028pu and remain within statutory limits.  
 
The historical voltage profiles show that the voltage has remained at nominal voltage on 
average over the two year period analysed with an average daily fluctuation in voltage of 
0.023pu.  
 

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Exeter City the relays must be replaced with one of the 
recommended relays.  
 

3.3.2 AVC Panel 

The existing panels are front access swing door frame that contain suitable room to 
accommodate a new AVC relays. Therefore the current relays will be removed and the 
panels adapted to fit the new relays. This will also involve a replacement of internal control 
wiring and additional terminal blocks to accommodate the new communication 
requirements.  
 

3.3.3 Monitors 

The following existing measurement points can be utilised by the SVO method for 
verification purposes.  
 
Table 3-2: Exeter City BSP Feeder measurement locations 

Exeter City BSP Feeder Measurement Locations 33 kV VT 11 kV VT 
Athelstan Road 11kV NO YES 

Cowley Road 11kV NO YES 

Crediton 11kV YES YES 

Exminster 11kV YES YES 

Folly Bridge 11kV NO YES 

Haven Road 11kV NO YES 

Lapford 11kV NO YES 

Marsh Barton 11kV NO YES 

Newton St Cyres 11kV YES YES 

St Thomas 11kV NO YES 

Witheridge 11kV NO YES 
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3.3.4 SCADA 

Modifications are required to the existing SCADA interface to accommodate the relay 
specific control signals. The existing communications scheme is sufficient but will require 
the installation of extra wiring and communications cards. 

3.3.5 Auxiliary systems 

The existing battery systems at the substation have sufficient spare capacity for any new 
equipment installed for the SVO method.  
 

 
 Page 10 of 16  



 
 

 

SVO Substation Investigation 
Exeter City 132/33kV BSP 

4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Exeter City BSP. The Health and Safety at Work Act 1974 and Electricity at 
Work Regulations 1989 shall be fully implemented with a view to making the equipment 
safe to install, operate and maintain.  
 

4.2 CDM 

The works at Exeter City BSP will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works.  
 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 
 
Table 4-1: Site specific risks 

Risk Effect Action 

Second transformer trips when 
working on the other 
transformer. 

Customers lose supply. Fines may be 
incurred depending on the outage 
time.  

Consider surveying the overhead 
line. 
Stage the work to meet the 
Emergency Return To Service(ERTS).  
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 

Page 14 of 16 





 
 

 

SVO Substation Investigation 
Exeter City 132/33kV BSP 

 

APPENDIX D - SITE PHOTOS 
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SVO Substation Investigation 
Exeter Main 132/33kV BSP 

1 Introduction 

The following report details the findings from the investigation of Exeter Main 132/33kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation. 

The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  

2 Substation Overview 

2.1 Description 

Exeter Main 132/33kV substation belongs to the Abham-Exeter-Landulph Grid Group and is 
normally fed via two 132kV circuits from Exeter Main GSP. It has two 132/33kV 
transformers operating with the bus section normally open. The substation was originally 
constructed in the early 1960’s with some oil filled 33kV circuit breakers replaced in 2002 
and with both transformers being replaced in 2010. 

A selection of photos and the control, single line and EMU diagrams are provided in 
Appendices A-D of this report. 

2.2 Investment under RIIO-ED1 

There are currently no plans to carry out investment works at the substation as part of RIIO-
ED1.  

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is predicted to 
increase by 0.5MW over the next five years. However, the firm capacity will not be reached. 

Table 2-1: Load forecast for Exeter Main 132/33kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Exeter Main 132/33 0.99 31.63 31.75 31.56 31.72 31.77 32.12 68.58 

2.4 Customers 

2.4.1 Number of Customers 

Exeter Main supplies six primary substations with a normally open connection to another. 
The total number of customers supplied is 22,820.  
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2.4.2 Type of Loads 

The primary substations supplied from Exeter Main are located in mainly rural areas and as 
such the main load types are domestic and light industrial. There are two 33kV supplied 
load customers connected directly to Exeter Main with another 33kV customer teed into 
another circuit. None of the customers are specified as voltage sensitive.   
 

2.4.3 Generation 

The total amount of embedded generation currently feeding into the Exeter Main Network 
is 23.95MW. Of this generation, 18.95MW is connected to the 33kV network with 5MW 
connected to the 11kV network.  
 
The 33kV connected generation is made up of two solar PV sites at Burrowton Farm 
(10.9MW) and Till House (8.05MW). Three further solar PV connections are committed for 
future connection to the 33kV network which will add 22.63MW of generation. The 5MW 
connected to the 11kV network is from a single solar PV site. Overall the future 
commitments will increase the embedded generation by 22.63MW to 46.58MW [2015 LTDS 
table 5]. 
     

2.5 Voltage Control Equipment 

2.5.1 Transformers 

Both transformers were replaced in 2010 with Siemens 40/60MVA transformers with 19 
position tap changers.  
 

2.5.2 Automatic Voltage Control Relays 

Exeter Main currently utilises two KVGC202 relays for Voltage Control of its transformers. 
The existing scheme was modified in 2010 alongside the transformer replacement.  
 

2.5.3 Auxiliary Systems 

The substation contains an 110V battery and a D20 SCADA communications system 
installed. 
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  
 

3.2 Substation Voltage Range 

3.2.1 Study 

The feeder voltages calculated through PSS/E studies are shown in Table 3-1 below with the 
maximum and minimum voltages across the whole network highlighted in bold.  
 
Table 3-1: Exeter Main Feeder voltage analysis 

Feeder Feeder Max Voltage (pu) Feeder Min Voltage (pu) 

1 0.999 0.964 
2 0.999 0.964 
3 1.026 0.946 
4 1.019 0.958 

 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile of Exeter Main over a two year period. 
Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical day.  
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Figure 3-1: Historic voltage profile at Exeter Main 

 

 
Figure 3-2: 01/09/15 Voltage profile at Exeter Main 
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3.2.3 Results 

The study results show that for Exeter Main BSP, the voltage can be reduced by 0.006pu 
and still keep all parts of the 33kV network within statutory limits. It is possible to increase 
the voltage by 0.034pu and be within the statutory limits.  

The historical voltage profiles show that the voltage has remained steady over the two year 
period analysed at 0.02pu above nominal with an average daily fluctuation in voltage of 
0.022pu.   

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Exeter Main the relays must be replaced with one of the 
recommended relays.  

3.3.2 AVC Panel 

The existing panels are front access swing door frame that contain suitable room to 
accommodate a new AVC relays. Therefore the current relays will be removed and the 
panels adapted to fit the new relays. This will also involve a replacement of internal control 
wiring and additional terminal blocks to accommodate the new communication 
requirements.  

3.3.3 Monitors 

The following measurement points can be utilised by the SVO method for verification 
purposes.  

Table 3-2: Exeter Main BSP Feeder measurement locations 

Exeter Main BSP Feeder Measurement Locations 33 kV VT 11 kV VT 
Core Hill 11kV NO YES 
Honiton Heathfield 11kV YES YES 
Marsh Green 11kV YES YES 
Offwell 11kV YES YES 
Ottrey St Mary 11kV YES YES 

3.3.4 SCADA 

Modifications are required to the existing SCADA interface to accommodate the relay 
specific control signals. The existing communications scheme is sufficient but will require 
the installation of extra wiring and communications cards. 
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3.3.5 Auxiliary systems 

The existing battery systems at the substation have sufficient spare capacity for any new 
equipment installed for the SVO method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Bowhays Cross BSP. The Health and Safety at Work Act 1974 and Electricity at 
Work Regulations 1989 shall be fully implemented with a view to making the equipment 
safe to install, operate and maintain.  
 

4.2 CDM 

The works at Exeter Main BSP will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works.  
 

4.3 Risk Register 

The table below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 
 
Table 4-1: Site specific risks 

Risk Effect Action 

Second transformer trips when 
working on the other 
transformer. 

Customers lose supply. Fines may be 
incurred depending on the outage 
time.  

Consider surveying the overhead 
line. 
Stage the work to meet the 
Emergency Return To Service (ERTS).  
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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SVO Substation Investigation 
Lydeard St Lawrence 33/11kV 

1 Introduction 

The following report details the findings from the investigation of Lydeard St Lawrence 
33/11kV Substation for the inclusion of SVO technology. The report will provide an overview 
of the substation, including existing customer information and installed equipment, and 
provide details of the work required to successfully integrate the SVO technology at the 
substation.  

The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  

2 Substation Overview 

2.1 Description 

Lydeard St Lawrence 33/11kV Substation is fed via two no. 33kV overhead line circuits with 
one from Taunton BSP and the other from Bowhays Cross BSP. The substation consists of 
two no. 5/6.25MVA 33/11kV transformers and an eight panel 11kV switchboard, both of 
which were commissioned in 2014.  

The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 

2.2 Investment under RIIO-ED1 

There is no capital works planned for the substation as part of RIIO-ED1. 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to remain 
relatively stable over the next 5 year period with no constraints predicted in the substation 
capacity. 

Table 2-1: Load forecast for Lydeard St Lawrence substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Lydeard St 
Lawrence 33/11 0.99 3.52 3.46 3.41 3.39 3.40 3.43 6.5 

2.4 Customers 

2.4.1 Number of Customers 

Lydeard St Lawrence currently supplies 4,400 customers and has two large generators over 
1 MW connected.  
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2.4.2 Type of Loads 

The main loads connected to the substation are light industrial and domestic customers.  
 

2.4.3 Generation     

The total amount of embedded generation feeding into the Lydeard St Lawrence 11kV 
network is 5.4MW. This is supplied by a two solar PV sites. There are currently no 
connections committed for the future over 1MW.  
 

2.5 Voltage Control Equipment 

2.5.1 Transformers 

Both transformers at the substations were manufactured by Brush and were installed in 
2014. The transformers are rated at 5/6.25MVA and have a 17 position AT 317 44/300L Tap 
Changer. The site is currently operated with only the single transformer in service at any 
one time due to 33kV supplies from different BSPs.  
 

2.5.2 Automatic Voltage Control Relays 

There are currently two no. MicroTAPP relays installed in a single panel providing voltage 
control of both transformers. The panel was installed along with the replacement of the 
transformers and switchgear.  
 

2.5.3 Auxiliary Systems 

The substation has an 110V battery system installed in 2014 as part of the 11kV switchgear 
replacement. This has enough spare capacity for any site modifications required for the SVO 
method. The D20 SCADA communications system was also installed along with the 11kV 
switchgear replacement works. 
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  
 

3.2 Substation Voltage Range 

3.2.1 Study 

Analysis of Lydeard St Lawrence feeder voltages using WPD IPSA models determined that a 
0.015pu voltage reduction was available whilst remaining within statutory limits. 
 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Lydeard St Lawrence after the 
transformers were replaced in 2014. Figure 3-2 shows the fluctuation in the voltage seen at 
the substation in a typical day.  
 

 
Figure 3-1: Historic voltage profile at Lydeard St Lawrence 

 

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

03
/0

5/
20

14

03
/0

7/
20

14

02
/0

9/
20

14

02
/1

1/
20

14

02
/0

1/
20

15

04
/0

3/
20

15

04
/0

5/
20

15

04
/0

7/
20

15

03
/0

9/
20

15

Vo
lta

ge
 (p

u-
1)

 

Date 

Daily Maximum Voltage Daily Minimum Voltage Monthly Moving Average

 
 Page 7 of 15  



SVO Substation Investigation 
Lydeard St Lawrence 33/11kV 

Figure 3-2: 01/06/15 voltage profile at Lydeard St Lawrence 

3.2.3 Results 

The voltage studies have shown that the voltage can be reduced by 0.015pu below nominal 
and remain within statutory limits.  

The historical voltage profiles show that the general trend for the moving average has been 
to decrease after an initial rise ending up at a value of 0.1pu in September 2015. The daily 
fluctuations in voltage have remained roughly constant over the last two years at an 
average of 0.023pu. 

With the substation operating at around 0.01pu above nominal it may be possible to 
achieve a 0.025pu voltage reduction.  

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

As the existing MicroTAPP relays have the function to control group settings, it is planned to 
utilise them as part of the SVO method and enable them for use via the installation of 
interposing relays. The relay will require minor wiring modifications and commissioning 
with new settings.  

3.3.2 AVC Panel 

Each AVC panel will be modified to include the required number of interposing relays 
internally. These will be mounted to the existing internal rail with all additional wiring 
utilising the existing cable containment within the panel.  

-0.005

0

0.005

0.01

0.015

0.02

0.025

12:00:00 AM 04:00:00 AM 08:00:00 AM 12:00:00 PM 04:00:00 PM 08:00:00 PM 12:00:00 AM

Vo
lta

ge
 (p

u-
1)

 

Time 

Page 8 of 15 



 
 

 

SVO Substation Investigation 
Lydeard St Lawrence 33/11kV 

3.3.3 Monitors 

Following analysis of the 11kV network in IPSA, six potential locations have been identified 
across all feeders from the substation to have voltage monitoring equipment installed for 
SVO verification purposes. 
 

3.3.4 SCADA 

Minor modifications are required to the existing SCADA system to enable selection of the 
different AVC settings groups.  
 

3.3.5 Auxiliary systems 

No modifications are required to the substation auxiliary systems to enable the SVO 
method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Lydeard St Lawrence. The Health and Safety at Work Act 1974 and Electricity 
at Work Regulations 1989 shall be fully implemented with a view to making the equipment 
safe to install, operate and maintain.  
 

4.2 CDM 

The works at Lydeard St Lawrence will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 
 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 
 
Table 4-1: Site specific risks 

Risk Effect Action 

Second transformer trips when 
working on the other 
transformer. 

Customers lose supply. Fines may be 
incurred depending on the outage 
time.  

Consider surveying the Overhead 
Line. 
Stage the work to meet the 
Emergency Return To Service (ETRS).  
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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1 Introduction 

The following report details the findings from the investigation of Marsh Green 33/11kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation. 

The information presented will form the basis of scoring each subsation to select the most 
suitable for trialling the SVO Method.  

2 Substation Overview 

2.1 Description 

Marsh Green 33/11kV Substation is fed via one circuit from Exeter Main BSP via Ottery St 
Mary and one circuit from Sowton BSP via Clyst Honiton.  The substation consists of two 
5/7.7MVA transformers with a six panel 11kV switchboard. The substation was originally 
commissioned in 1960 with the 11kV switchboard being replaced in 2008. Due to 33kV 
supplies from different BSPs the substation is operated with the 11kV transformers split via 
the 11kV bus section.  

The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 

2.2 Investment under RIIO-ED1 

There is no capital works planned for the substation as part of RIIO-ED1. 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to remain 
relatively stable on both transformers over the next 5 year period with no constraints 
predicted in the substation capacity. 

Table 2-1: Load forecast for Marsh Green substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Marsh 
Green T1 33/11 0.99 3.85 3.85 3.81 3.78 3.79 3.83 7.7 

Marsh 
Green T2 33/11 0.98 1.21 1.44 1.43 1.42 1.42 1.44 7.7 
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2.4 Customers 

2.4.1 Number of Customers 

Marsh Green currently supplies 2,796 customers and has no voltage sensitive customers 
connected.   

2.4.2 Type of Loads 

The main loads connected to the substation are light industrial and domestic customers. 

2.4.3 Generation  

The total amount of embedded generation feeding into the Marsh Green 11kV network is 
5MW. This is supplied by a single solar PV site. There are currently no connections 
committed for the future above 1MW.  

2.5 Voltage Control Equipment 

2.5.1 Transformers 

The first transformer at the substation was manufactured in 1960 by Ferranti Transformer 
and is rated at 5/7.7MVA with a 17 position tap changer. The second transformer was 
manufactured in 1980 by Johnson and Phillips Ltd and is rated at 5/7.7MVA with an 11 
position tap changer. 

2.5.2 Automatic Voltage Control Relays 

There are currently 2 no. KVGC202 relays installed in a single panel providing voltage 
control of both transformers. The panel was installed alongside the replacement of the 
11kV switchgear.  

2.5.3 Auxiliary Systems 

The substation has an 110V battery system installed as part of the 11kV switchgear 
replacement. The D20 SCADA communications system was also installed alongside the 11kV 
switchgear replacement works. 
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  

3.2 Substation Voltage Range 

3.2.1 Study 

Analysis of Marsh Green feeder voltages using WPD IPSA models determined that a 0.014pu 
voltage reduction was available whilst remaining within statutory limits. 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Marsh Green over a two year period. 
Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical day.  

Figure 3-1: Historic voltage profile at Marsh Green 
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Figure 3-2: 01/06/15 voltage profile at Marsh Green 

3.2.3 Results 

The voltage studies have shown that the voltage can be reduced by 0.014pu below nominal 
and remain within statutory limits.  
 
The historical voltage profiles show that the moving average has fluctuated over the two 
years between the values of 0.0011pu and 0.0048pu, on average the value has been at 
0.0031pu. The daily fluctuations in voltage have remained roughly constant over the last 
two years at an average of 0.017pu.  
 

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Marsh Green the relays must be replaced with one of the 
recommended relays.  
  

3.3.2 AVC Panel 

The front swing door for each AVC panel will be modified to accommodate a new AVC relay 
and auxiliary relays. This will require the cutting of the panel to fit the new relay and 
associated wiring.  
 

3.3.3 Monitors 

Following analysis of the 11kV network in IPSA, five potential locations have been identified 
across all feeders from the substation to have voltage monitoring equipment installed for 
SVO verification purposes. 
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3.3.4 SCADA 

Minor modifications are required to the existing SCADA system to enable the full 
operational capability required for the SVO. 

3.3.5 Auxiliary systems 

No modifications are required to the substation auxiliary systems to enable the SVO 
method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Marsh Green. The Health and Safety at Work Act 1974 and Electricity at Work 
Regulations 1989 shall be fully implemented with a view to making the equipment safe to 
install, operate and maintain.  
 

4.2 CDM 

The works at Marsh Green will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 
 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 
 
Table 4-1: Site specific risks 

Risk Effect Action 

Cutting Panels will cause 
vibrations. 

The vibrations can transmit to 
adjacent panels. If these house old 
mechanical relays they may be 
triggered by the vibrations causing 
unwanted changes in voltage. This 
can lead to trips occurring. 

Remove the door and modify off the 
panel if possible.  
Ensure all live panels are labelled 
clearly. 
Ensure WPD approved methods are 
used for cutting existing panels. 

Second transformer trips when 
working on the other 
transformer. 

Customers loose supply. Fines may 
be incurred depending on the outage 
time.  

Consider surveying the Overhead 
Line. 
Stage the work to meet the 
Emergency Return To Service (ETRS).  
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 

The old transformer and the 
new relay may not be 
compatible. 

This may restrict the level of control 
that can be applied 

Check the functionality of the 
transformer before choosing the 
relay to be used. 
Select an alternative site if 
necessary. 

Old transformer degrades at a 
faster rate due to stricter 
voltage control requiring more 
frequent tap changes. 

The lifetime of the tap changer 
reduces. 

Aim to install at the sites were the 
transformers are in better condition.  
Expect to replace the transformer 
sooner than anticipated.  

  

 
 Page 10 of 15  



 
 

 

SVO Substation Investigation 
Marsh Green 33/11kV 

 

APPENDIX A - Overall Network Diagram 
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APPENDIX B - Single Line Diagram 
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APPENDIX C - Control Room Layout 
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APPENDIX D - Site photos 
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SVO Substation Investigation 
Millfield 33/11kV 

1 Introduction 

The following report details the findings from the investigation of Millfield 33/11kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation.  
 
The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  
 
2 Substation Overview 

2.1 Description 

Millfield 33/11kV substation is supplied via two no. overhead line circuits from Street BSP 
and consists of two no. 12/24MVA transformers and an 11 panel 11kV switchboard. The 
substation was originally commissioned in 1979 with the transformers being replaced in 
2004. 
 
The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 
 

2.2 Investment under RIIO-ED1 

There is no capital works planned for the substation as part of RIIO-ED1.  
 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. Overall the load is expected to 
decrease by 0.48MVA over the next five years. 
 
Table 2-1: Load forecast for Millfield substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Millfield 33/11 0.96 18.86 18.49 18.27 18.14 18.17 18.38 22.86 

 

2.4 Customers 

2.4.1 Number of Customers 

Millfield currently supplies 4,400 customers and has no voltage sensitive customers 
connected.   
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2.4.2 Type of Loads 

The main loads connected to the substation are light industrial and domestic customers.  
 

2.4.3 Generation     

The total amount of embedded generation feeding into the Millfield 11kV network is 
10.03MW. This is supplied by two solar PV sites. There is a single 1MW solar PV site 
currently committed for connection; however no commissioning date is currently set. 
 

2.5 Voltage Control Equipment 

2.5.1 Transformers 

The two 12/24MVA transformers at the substation were manufactured by Brush in 2004 
with AT 317 44/300L tap changers providing 17 taps for each transformer.  
 

2.5.2 Automatic Voltage Control Relays 

There are currently two no. KVGC202 relays installed in a single panel providing voltage 
control of both transformers. The panel was installed alongside the replacement of the 
transformers.  
 

2.5.3 Auxiliary Systems 

The substation has an 110V battery and D20 SCADA system installed.  
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  
 

3.2 Substation Voltage Range 

3.2.1 Study 

Analysis of Millfield feeder voltages using WPD IPSA models determined that there is no 
voltage reduction available at Millfield whilst remaining within statutory limits. 
 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Millfield over a two year period. 
Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical day.  
 

 
Figure 3-1: Historic voltage profile at Millfield 
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Figure 3-2: 01/06/15 Voltage profile at Millfield 

3.2.3 Results 

The voltage studies have shown that the voltage cannot be reduced below 1pu and remain 
within statutory limits.  
 
The historical voltage profiles show that in the first six months September 2013 to March 
2014 there were large variations in the daily fluctuations and the average voltage. Past this 
point the daily fluctuations in voltage on average have been 0.016pu. After the first six 
months the moving average has risen from a level of 0.021pu to 0.027pu. 
 
With the substation operating at around 0.03pu above nominal it may be possible to 
achieve some voltage reduction.  
 

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Millfield the relays must be replaced with one of the 
recommended relays.  
 

3.3.2 AVC Panel 

The front swing door for each AVC panel will be modified to accommodate a new AVC relay 
and auxiliary relays. This will require the cutting of the panel to fit the new relay and 
associated wiring.  
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3.3.3 Monitors 

Following analysis of the 11kV network in IPSA, twelve potential locations have been 
identified across all feeders from the substation to have voltage monitoring equipment 
installed for SVO verification purposes. 
 

3.3.4 SCADA 

Minor modifications are required to the existing SCADA system to enable the full 
operational capability required for the SVO. 
 

3.3.5 Auxiliary systems 

No modifications are required to the substation auxiliary systems to enable the SVO 
method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Millfield. The Health and Safety at Work Act 1974 and Electricity at Work 
Regulations 1989 shall be fully implemented with a view to making the equipment safe to 
install, operate and maintain.  
 

4.2 CDM 

The works at Millfield will fall under the Construction Design and Management Regulations 
2015. WPD will be the Principal Contractor during all phases of the works. 
 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 
 
Table 4-1: Site specific risks 

Risk Effect Action 

Cutting Panels will cause 
vibrations. 

The vibrations can transmit to 
adjacent panels. If these house old 
mechanical relays they may be 
triggered by the vibrations causing 
unwanted changes in voltage. This 
can lead to trips occurring. 

Remove the door and modify off the 
panel if possible.  
Ensure all live panels are labelled 
clearly. 
Ensure WPD approved methods are 
used for cutting existing panels. 

Second transformer trips when 
working on the other 
transformer. 

Customers loose supply. Fines may 
be incurred depending on the outage 
time.  

Consider surveying the Overhead 
Line. 
Stage the work to meet the 
Emergency Return To Service (ETRS).  
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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1 Introduction 

The following report details the findings from the investigation of Nether Stowey 33/11kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation.  
 
The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  
 
2 Substation Overview 

2.1 Description 

Nether Stowey 33/11kV Substation is fed via two 33kV overhead line circuits with one from 
Bridgwater BSP and the other from Bowhays Cross BSP. The substation consists of two 
7.5/15MVA 33/11kV transformers and a six panel 11kV switchboard, both of which were 
commissioned in 1990.  
 
The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 
 

2.2 Investment under RIIO-ED1 

There is no capital works planned for the substation as part of RIIO-ED1.  
 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to remain 
roughly constant over the next five years. 
 
Table 2-1: Load forecast for Nether Stowey substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Nether 
Stowey 33/11 0.96 6.18 6.06 5.99 5.94 5.98 6.04 14 

 

2.4 Customers 

2.4.1 Number of Customers 

Nether Stowey currently supplies 4,400 customers and no voltage sensitive customers.  
 

2.4.2 Type of Loads 

The main loads connected to the substation are light industrial and domestic customers.  
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2.4.3 Generation     

The total amount of embedded generation feeding into the Nether Stowey 11KV network is 
1.36MW from a single alternative source. There are currently no connections committed for 
the future above 1MW. 
 

2.5 Voltage Control Equipment 

2.5.1 Transformers 

Both transformers at the substations were manufactured by Brush and were installed in 
1990. The transformers are rated at 7.5/15MVA and have a 17 position AT 317 44/300L Tap 
Changer. The site is currently operated with only the single transformer in service at any 
one time due to 33kV supplies from different BSPs.  
 

2.5.2 Automatic Voltage Control Relays 

There are currently two no. MVGC01 relays installed in separate panels alongside the 
transformer winding temperate and buchholz trip relays for the respective transformers. 
The panels were installed alongside the replacement of the transformers.  
 

2.5.3 Auxiliary Systems 

The substation has an 110V battery and D20 SCADA system installed.  

 
 Page 6 of 15  



 
 

 

SVO Substation Investigation 
Nether Stowey 33/11kV 

3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  
 

3.2 Substation Voltage Range 

3.2.1 Study 

Analysis of Nether Stowey feeder voltages using WPD IPSA models determined that a 
0.013pu voltage reduction was available whilst remaining within statutory limits. 
 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Nether Stowey over a two year 
period. Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical 
day.  
 

 
Figure 3-1: Historic voltage profile at Nether Stowey 
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Figure 3-2: 01/06/15 Voltage profile at Nether Stowey 

 

3.2.3 Results 

The voltage studies have shown that the voltage can be reduced by 0.013pu below nominal 
and remain within statutory limits.  
 
The historical voltage profiles show that the moving average has oscillated over the last two 
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February 2014 and an average value of -0.0006pu. The daily fluctuations in voltage have 
remained roughly constant over the last two years at an average 0.016pu.  
 
The voltage history shows the site has been subject to large variations and sometimes 
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The front swing door for each AVC panel will be modified to accommodate a new AVC relay 
and auxiliary relays. This will require the cutting of the panel to fit the new relay and 
associated wiring.  

-0.018

-0.016

-0.014

-0.012

-0.01

-0.008

-0.006

-0.004

-0.002

0

12:00:00 AM 04:00:00 AM 08:00:00 AM 12:00:00 PM 04:00:00 PM 08:00:00 PM 12:00:00 AM

Vo
lta

ge
 (p

u-
1)

 

Time 

 
 Page 8 of 15  



 
 

 

SVO Substation Investigation 
Nether Stowey 33/11kV 

3.3.3 Monitors 

Following analysis of the 11kV network in IPSA, six potential locations have been identified 
across all feeders from the substation to have voltage monitoring equipment installed for 
SVO verification purposes. 
 

3.3.4 SCADA 

Modifications are required to the existing SCADA system to enable the extra 
communications required. This will include additional wiring and communications cards.  
 

3.3.5 Auxiliary systems 

No modifications are required to the substation auxiliary systems to enable the SVO 
method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Nether Stowey. The Health and Safety at Work Act 1974 and Electricity at 
Work Regulations 1989 shall be fully implemented with a view to making the equipment 
safe to install, operate and maintain.  
 

4.2 CDM 

The works at Nether Stowey will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 
 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 
 
Table 4-1: Site specific risks 

Risk Effect Action 

Second transformer trips when 
working on the other 
transformer. 

Customers loose supply. Fines may 
be incurred depending on the outage 
time.  

Consider surveying the Overhead 
Line. 
Stage the work to meet the 
Emergency Return To Service (ETRS).  
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 

 

  

 
 Page 10 of 15  



 
 

 

SVO Substation Investigation 
Nether Stowey 33/11kV 

 

APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
  

 
 Page 14 of 15  





 
 

 
 

 

  



SVO Substation Investigation 
Paignton 132/33kV BSP 
 



 
 

 

SVO Substation Investigation 
Paignton 132/33kV BSP 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Document Control 

 Name Date 
Prepared by: P Edwards 08.02.2016 

Reviewed by: J Berry 15.02.2016 

Approved (WPD): M Dale 23.02.2016 

 
 
 
 

Revision History 

Date Issue Status 
23.02.2016 1 Final 

   

   

   

 
 

 

Report Title : Paignton Substation Investigation 
Report 
 

Report Status : Final 

Project Ref : Equilibrium 

Date : 23.02.2016 

 
 Page 2 of 16  



 
 

 

SVO Substation Investigation 
Paignton 132/33kV BSP 

Contents 

1 Introduction ................................................................................................................. 5 
2 Substation Overview .................................................................................................... 5 

2.1 Description ......................................................................................................... 5 
2.2 Investment under RIIO-ED1................................................................................ 5 
2.3 Generation and Load Forecast ........................................................................... 5 
2.4 Customers ........................................................................................................... 5 

2.4.1 Number of Customers ............................................................................... 5 
2.4.2 Type of Loads ............................................................................................ 6 
2.4.3 Generation ................................................................................................ 6 

2.5 Voltage Control Equipment ................................................................................ 6 
2.5.1 Transformers ............................................................................................. 6 
2.5.2 Automatic Voltage Control Relays ............................................................ 6 
2.5.3 Auxiliary Systems ...................................................................................... 6 

3 SVO Suitability .............................................................................................................. 7 
3.1 Overview ............................................................................................................. 7 
3.2 Substation Voltage Range .................................................................................. 7 

3.2.1 Study ......................................................................................................... 7 
3.2.2 Measured Values ...................................................................................... 7 
3.2.3 Results ....................................................................................................... 9 

3.3 Scope of work to enable SVO ............................................................................. 9 
3.3.1 AVC Relay .................................................................................................. 9 
3.3.2 AVC Panel .................................................................................................. 9 
3.3.3 Monitors .................................................................................................... 9 
3.3.4 SCADA ....................................................................................................... 9 
3.3.5 Auxiliary systems ....................................................................................... 10 

4 Health and Safety ......................................................................................................... 11 
4.1 Overview ............................................................................................................. 11 
4.2 CDM .................................................................................................................... 11 
4.3 Risk Register ....................................................................................................... 11 
 

 

 
 Page 3 of 16  



SVO Substation Investigation 
Paignton 132/33kV BSP 

WESTERN POWER DISTRIBUTION (WPD) IN CONFIDENCE 
This is an internal WPD document. Recipients may not pass this document to any person outside the organisation without 
written consent. 

DISCLAIMER 
Neither WPD, nor any person acting on its behalf, makes any warranty, express or implied, with respect to the use of any 
information, method or process disclosed in this document or that such use may not infringe the rights of any third party 
or assumes any liabilities with respect to the use of, or for damage resulting in any way from the use of, any information, 
apparatus, method or process disclosed in the document. 

© Western Power Distribution 2016 
No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means 
electronic, mechanical, photocopying, recording or otherwise, without the written permission of the Future Networks 
Manager, Western Power Distribution, Herald Way, Pegasus Business Park, Castle Donington. DE74 2TU. Telephone +44 (0) 
1332 827446. E-mail WPDInnovation@westernpower.co.uk 

Page 4 of 16 

mailto:WPDInnovation@westernpower.co.uk


 
 

 

SVO Substation Investigation 
Paignton 132/33kV BSP 

1 Introduction 

The following report details the findings from the investigation of Paignton 132/33kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation.  
 
The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  
 
2 Substation Overview 

2.1 Description 

Paignton 132/33kV substation belongs to the Abham-Exeter-Landulph Grid Group and is 
normally fed via two 132kV circuits from Abham GSP. It has two 60/90MVA 132/33kV 
transformers operating with the bus section normally closed. The substation was originally 
constructed in the mid 1970’s with the transformers replaced in 2008.  
 
The control, single line and EMU diagrams are provided in Appendices A-C of this report. 
 

2.2 Investment under RIIO-ED1 

There are currently no plans to carry out investment works at the substation as part of RIIO-
ED1.  
 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is predicted to 
increase by 1MW over the next 5 years. However, the firm capacity will not be reached.  
 
Table 2-1: Load forecast for Paignton 132/33kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Paignton 132/33 1.00 67.75 68.60 68.10 67.84 67.95 68.70 114.3 

 

2.4 Customers 

2.4.1 Number of Customers 

Paignton supplies eight primary substations with a total of 47,534 customers supplied. 
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2.4.2 Type of Loads 

The primary substations supplied from Paignton BSP are located in mainly rural areas and as 
such the main load types are domestic and light industrial. None of the customers are 
specified as voltage sensitive. 

2.4.3 Generation 

The total amount of embedded generation currently feeding into the Paignton BSP network 
is 3MW from a single solar PV site connected to the 33kV network. Two further solar sites 
totalling 8.59MW are committed for future connection along with a single 21.05MW STOR 
connection. All are planned for connection to the 33kV network. This will add 29.64MW of 
generation to the network giving a total of 32.64MW [2015 LTDS table 5]. Figure 2-1 shows 
the division of capacity between the generation sources found in the network. 

    
Figure 2-1: Pie charts of the networks connected generation (left), connected and committed generation (right)   

2.5 Voltage Control Equipment 

2.5.1 Transformers 

The two transformers at Paignton BSP were manufactured in 2007 and 2008 by EBG 
Transformers. They were both installed in 2008 and have 19 position tap changers.  

2.5.2 Automatic Voltage Control Relays 

Paignton BSP currently utilises two KVGC202 relays for Voltage Control of its transformers. 
The existing scheme was installed in 2006 alongside the replacement of the transformers. 

2.5.3 Auxiliary Systems 

The substation contains an 110V battery and a D20 SCADA communications system 
installed.  
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  
 

3.2 Substation Voltage Range 

3.2.1 Study 

The feeder voltages calculated through PSS/E studies are shown in Table 3-1 below with the 
maximum and minimum voltages across the whole network highlighted in bold.  
 
Table 3-1: Paignton BSP Feeder voltage analysis 

Feeder Feeder Max Voltage (pu) Feeder Min Voltage (pu) 
1 1.008 0.981 
2 1.008 0.981 
3 1.009 0.984 
4 1.009 0.984 
5 1.020 0.945 
6 1.009 0.982 
7 1.009 0.982 
8 1.020 0.945 
9 1.020 0.945 

 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Paignton BSP over a two year period. 
Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical day.  
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Figure 3-1: Historic voltage profile at Paignton BSP 

Figure 3-2: 01/09/15 Voltage profile at Paignton BSP 
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3.2.3 Results 

The study results show that for Paignton BSP, the voltage can be reduced by 0.005pu and 
still keep all parts of the 33kV network within statutory limits. It is possible to increase the 
voltage by 0.040pu and be within the statutory limits. 
 
The historical voltage profiles show that the average voltage has remained around -0.005pu 
over the two year period analysed with an average daily fluctuation in voltage of 0.021pu.  
 

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Paignton the relays must be replaced with one of the 
recommended relays.  
 

3.3.2 AVC Panel 

The existing panels are front access swing door frame that contain suitable room to 
accommodate a new AVC relays. Therefore the current relays will be removed and the 
panels adapted to fit the new relays. This will also involve a replacement of internal control 
wiring and additional terminal blocks to accommodate the new communication 
requirements. 
 

3.3.3 Monitors 

The following existing measurement points can be utilised by the SVO method for 
verification purposes.  
 
Table 3-2: Paignton BSP Feeder measurement locations 

Paignton BSP Feeder Measurement Locations 33 kV VT 11 kV VT 
Blackawton 11kV NO YES 

Churston 11kV NO YES 

Colley End 11kV NO YES 

Dartmouth 11kV YES YES 

Hollicombe 11kV NO YES 

Laywell Brixham 11kV YES YES 

Paignton 11kV NO YES 

Stokenham 11kV NO YES 

 

3.3.4 SCADA 

Modifications are required to the existing SCADA interface to accommodate the relay 
specific control signals. The existing communications scheme is sufficient but will require 
the installation of extra wiring and communications cards. 
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3.3.5 Auxiliary systems 

The existing battery systems at the substation have sufficient spare capacity for any new 
equipment installed for the SVO method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Paignton BSP. The Health and Safety at Work Act 1974 and Electricity at Work 
Regulations 1989 shall be fully implemented with a view to making the equipment safe to 
install, operate and maintain.  
 

4.2 CDM 

The works at Paignton BSP will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 
 

4.3 Risk Register 

The table below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 
 
Table 4-1: Site specific risks 

Risk Effect Action 

Second transformer trips when 
working on the other 
transformer. 

Customers lose supply. Fines may be 
incurred depending on the outage 
time.  

Consider surveying the overhead 
line. 
Stage the work to meet the 
Emergency Return To Service (ERTS).  
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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1 Introduction 

The following report details the findings from the investigation of Radstock Main 132/33kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation.  
 
The information presented will form the basis of scoring the BSP sites to select the most 
suitable for trialling the SVO Method.  
 
2 Substation Overview 

2.1 Description 

Radstock Main 132/33kV substation belongs to the Seabank-Bridgwater-Taunton Grid 
Group and is normally fed via two 132kV circuits from Seabank GSP. It has two 60/90MVA 
132/33kV transformers operating with the bus section normally closed. The substation was 
originally constructed in the early 1960’s with an AIS 33kV compound.   
 
A selection of photos and the control, single line and EMU diagrams are provided in 
Appendices A-D of this report. 
 

2.2 Investment under RIIO-ED1 

As part of RIIO-ED1 Investment plans both transformers are currently being replaced at this 
substation. 
 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to 
decrease by 0.72MW over the next two years before increasing by 1.57MW over the next 
three. However, the firm capacity will not be reached.  
 
Table 2-1: Load forecast for Radstock Main BSP [2015 LTDS 2015 table 3] 

Name Voltage Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Radstock 
Main 132/33kV 1.00 79.55 79.10 78.83 79.48 79.59 80.40 97 
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2.4 Customers 

2.4.1 Number of Customers 

Radstock Main BSP supplies twelve primary substations with a normally open connection to 
a further one. The total number of customers supplied is 53,398. 
 

2.4.2 Type of Loads 

The primary substations supplied from Radstock Main BSP are located in mainly rural areas 
and as such the main load types are domestic and light industrial. There are multiple 33kV 
connected load customers mainly consisting of farms. There is a single customer on the 
33kV network that is considered as voltage sensitive. 
 

2.4.3 Generation 

The total amount of embedded generation feeding into the Radstock Main BSP network is 
33.75MW with 25.25MW connected to the 33kV network and 8.5MW connected to the 
11kV.  
 
The 33kV connections are made up of six solar PV sites (23.25MW) and a single wind site 
(2MW). Six further solar PV sites are committed for future connection to the 33kV network 
which will add 33.72MW of generation. 
 
The 8.5MW connected to the 11kV primary networks fed from Radstock Main BSP are made 
up of a solar PV site and another unidentified technology. A further 18.5MW of generation 
is committed for future connection from gas, wind and solar PV installations.  
 
Overall the future commitments at both voltage levels will add 52.22MW of embedded 
generation giving a total of 85.97MW [2015 LTDS table 5]. Figure 2-1 shows the division of 
capacity between the generation sources found in the network. 
 

     
Figure 2-1: Pie charts of the networks connected generation (left), connected and committed generation (right)  
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2.5 Voltage Control Equipment 

2.5.1 Transformers 

Both of the transformers were manufactured in 2013 with 60/90MVA CG Powersystems 
Transformers with 19 position tap changers. The transformers are currently being installed 
at the substation.  
 

2.5.2 Automatic Voltage Control Relays 

Radstock Main BSP currently utilises MVGC01 relays for Voltage Control of its transformers. 
The existing scheme has been modified alongside the replacement of the 132/33kV 
transformers. 
 

2.5.3 Auxiliary Systems 

The substation has an 110V battery system and D20 SCADA system installed.  
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trail will also be provided.  
 

3.2 Substation Voltage Range 

3.2.1 Study 

The feeder voltages calculated through PSS/E studies are shown in Table 3-1 below with the 
maximum and minimum voltages across the whole network highlighted in bold.  
 
Table 3-1: Radstock Main Feeder voltage analysis 

Feeder Feeder Max Voltage (pu) Feeder Min Voltage (pu) 
1 0.989 0.989 
2 0.989 0.989 
3 0.986 0.985 
4 0.989 0.977 
5 0.989 0.977 
6 0.989 0.977 
7 1.024 0.965 
8 1.024 0.965 
9 1.024 0.965 
10 0.983 0.964 
11 0.983 0.964 

 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Radstock Main over a two year period. 
Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical day.  
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Figure 3-1: Historic voltage profile at Radstock Main BSP 

 

 
Figure 3-2: 01/08/15 Voltage profile at Radstock Main BSP 

  
 
  

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

01
/0

9/
20

13

01
/1

1/
20

13

01
/0

1/
20

14

03
/0

3/
20

14

03
/0

5/
20

14

03
/0

7/
20

14

02
/0

9/
20

14

02
/1

1/
20

14

02
/0

1/
20

15

04
/0

3/
20

15

04
/0

5/
20

15

04
/0

7/
20

15

03
/0

9/
20

15

Vo
lta

ge
 (p

u-
1)

 

Date 

Daily Maximum Voltage Daily Minimum Voltage Monthly Moving Average

-0.005

0

0.005

0.01

0.015

0.02

12:00:00 AM 04:00:00 AM 08:00:00 AM 12:00:00 PM 04:00:00 PM 08:00:00 PM 12:00:00 AM

Vo
lta

ge
 (p

u-
1)

 

Time 

 
 Page 9 of 17  



SVO Substation Investigation 
Radstock Main 132/33kV BSP 

3.2.3 Results 

The study results show that for Radstock Main BSP, the voltage can be reduced by 0.024pu 
and still keep all parts of the 33kV network within statutory limits. It is possible to increase 
the voltage by 0.036pu and be within the statutory limits.  

The historical voltage profiles show that the voltage has gradually increased from nominal 
to nearly 0.01pu over the two year period analysed.  The average daily fluctuation in voltage 
has reduced slightly from 0.026pu to 0.022pu. 

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Radstock Main the relays must be replaced with one of the 
recommended relays. 

3.3.2 AVC Panel 

The existing panels are front access swing door frame that contain suitable room to 
accommodate a new AVC relays. Therefore the current relays will be removed and the 
panels adapted to fit the new relays. This will also involve a replacement of internal control 
wiring and additional terminal blocks to accommodate the new communication 
requirements.  

3.3.3 Monitors 

The following existing measurement points can be utilised by the SVO method for 
verification purposes.  

Table 3-2: Radstock Main BSP Feeder measurement locations 

Radstock Main BSP Feeder Measurement Locations 33 kV VT 11 kV VT 
KEYNSHAM EAST 11 kV YES YES 

PAULTON 11 kV YES YES 

HIGH LITTLETON YES YES 

MIDSOMER NORTON 11 kV NO YES 

FOXHILLS 11 kV YES YES 

WHATLEY QUARRY MELLS NO YES 

NEWBURY 11 kV YES YES 

EVERCREECH 11 kV YES YES 

SHEPTON MALLET 11 kV YES YES 

DINDER 11 kV YES YES 

CHEWTON MENDIP NO YES 

WELLS 11 kV YES YES 
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3.3.4 SCADA 

Modifications are required to the existing SCADA interface to accommodate the relay 
specific control signals. The existing communications scheme is sufficient but will require 
the installation of extra wiring and communications cards. 
 

3.3.5 Auxiliary systems 

The existing battery systems at the substation have sufficient spare capacity for any new 
equipment installed for the SVO method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Radstock Main BSP. The Health and Safety at Work Act 1974 and Electricity at 
Work Regulations 1989 shall be fully implemented with a view to making the equipment 
safe to install, operate and maintain.  
 

4.2 CDM 

The works at Radstock Main BSP will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 
 

4.3 Risk Register 

The table below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 
 
Table 4-1: Site specific risks 

Risk Effect Action 

Second transformer trips when 
working on the other 
transformer. 

Customers lose supply. Fines may be 
incurred depending on the outage 
time.  

Consider surveying the overhead 
line. 
Stage the work to meet the 
Emergency Return To Service (ERTS).   
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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SVO Substation Investigation 
Sowton 132/33kV BSP 

1 Introduction 

The following report details the findings from the investigation of Sowton 132/33kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation.  
 
The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  
 
2 Substation Overview 

2.1 Description 

Sowton 132/33kV substation belongs to the Abham-Exeter-Landulph Grid Group and is 
normally fed via two 132kV circuits from Exeter Main GSP. It has two 60/90MVA 132/33kV 
transformers commissioned in 2003 which operate with the bus section normally closed. 
 
The control, single line and EMU diagrams are provided in Appendices A-C of this report. 
 

2.2 Investment under RIIO-ED1 

There are currently no plans to carry out investment works at this site as part of RIIO-ED1.  
 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to increase 
by 19MVA over the next five years. However, the firm capacity will not be reached. 
 
Table 2-1: Load forecast for Sowton 132/33kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Sowton 132/33 0.98 66.18 74.13 82.93 83.31 84.51 85.25 114.3 

 

2.4 Customers 

2.4.1 Number of Customers 

Sowton BSP supplies eleven primary substations with normally open connections to a 
further two. The total number of customers supplied is 29,961. 

2.4.2 Type of Loads 

The majority of the primary substations supplied from Sowton BSP are located in mainly 
rural areas with only three within Exeter City. The substations within the city area supply 
mainly industrial and commercial loads with some domestic customers. The rural primaries 
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supply a mainly domestic load. There are several customers connected directly to the 33kV 
network. None of the customers are specified as voltage sensitive. 
   

2.4.3 Generation 

The total amount of embedded generation feeding into the Sowton Network is 9.5MW from 
the 11kV network. In the future 12MW from STOR and Gas generation is committed for 
connection to the 11kV network. At the 33kV level, two Solar PV sites are committed to 
which will add 19.9MW of generation.  
 
Overall the future commitments at both voltage levels will add 31.9MW of embedded 
generation giving a total of 41.4MW of embedded generation [2015 LTDS table 5]. Figure 2-
1 shows the division of capacity between the generation sources found in the network. 
 

     
Figure 2-1: Pie charts of the networks connected generation (left), connected and committed generation (right)    

 

2.5 Voltage Control Equipment 

2.5.1 Transformers 

The substation has two 60/90MVA transformers that were both commissioned in 2003. 
Both are manufactured by EBG with 19 position tap changers.  
 

2.5.2 Automatic Voltage Control Relays 

Sowton BSP currently utilises Reyrolle SuperTAPP relays for voltage control of its 
transformers. 
 

2.5.3 Auxiliary Systems 

The substation has an 110V battery supply and a D20 SCADA system installed with spare 
capacity available. 

Connected Generation 

Solar PV

Gas

Wind

CHP

STOR

Other

Waste

Total = 9.5MW 

Connected + committed Generation 

Solar PV

Gas

Wind

CHP

STOR

Other

Waste

Total = 41.4MW 
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trail will also be provided.  
 

3.2 Substation Voltage Range 

3.2.1 Study 

The feeder voltages calculated through PSS/E studies are shown in Table 3-1 below with the 
maximum and minimum voltages across the whole network highlighted in bold.  
 
Table 3-1: Sowton feeder voltage analysis 

Feeder Feeder Max Voltage (pu) Feeder Min Voltage (pu) 
1 1.023 0.999 
2 1.023 1.001 
3 1.023 1.001 
4 1.022 0.999 
5 1.022 1.000 
6 1.022 1.000 
7 1.022 0.999 
8 1.029 0.999 
9 1.022 0.996 
10 1.038 0.995 
11 1.026 0.947 

 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Sowton BSP over a two year period. 
Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical day. 
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Figure 3-1: Historic voltage profile at Sowton BSP 

 

 
Figure 3-2: 04/03/15 Voltage profile at Sowton BSP 
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3.2.3 Results 

The study results show that for Sowton BSP, the voltage can be reduced by 0.007pu and still 
keep all parts of the 33kV network within statutory limits. It is possible to increase the 
voltage by 0.022pu and be within the statutory limits.  
 
The historical voltage profiles show that the voltage has remained steady over the two year 
period analysed at 0.012pu above nominal with an average daily fluctuation in voltage of 
0.020pu.   
 

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Sowton the relays must be replaced with one of the recommended 
relays.  
 

3.3.2 AVC Panel 

Due to the complexity of change from mechanical to numerical relays, it is proposed to 
install a new AVC panel at this substation. This will require the removal of redundant 
equipment still inside the 33kV switchroom.  
 

3.3.3 Monitors 

The following existing measurement points can be utilised by the SVO method for 
verification purposes.  
 
Table 3-2: Sowton BSP Feeder measurement locations 

Sowton BSP Feeder Measurement Locations 33 kV VT 11 kV VT 
Clyst Honiton 11kV NO YES 

Core Hill 11kV NO YES 

Countess Wear 11kV NO YES 

Exeter Science Park 11kV NO YES 

Heavitree 11kV NO YES 

Marsh Green 11kV T1: NO, T2: YES YES 

Ottery St Mary 11kV YES YES 

Pinhoe 11kV NO YES 

Sidmouth Town 11kV NO YES 

Topsham 11kV NO YES 

 

3.3.4 SCADA 

Minor modifications will be required to the existing SCADA interface to accommodate the 
relay specific control signals. The existing communications scheme is sufficient but will 
require the installation of extra wiring.  
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3.3.5 Auxiliary systems 

The existing battery systems at the substation have sufficient spare capacity for any new 
equipment installed for the SVO method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Sowton BSP. The Health and Safety at Work Act 1974 and Electricity at Work 
Regulations 1989 shall be fully implemented with a view to making the equipment safe to 
install, operate and maintain.  
 

4.2 CDM 

The works at Sowton BSP will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 
 

4.3 Risk Register 

The table below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 
 
Table 4-1: Site specific risks 

Risk Effect Action 

Asbestos in the fuse casing can 
release dust particles if moved. 

If inhaled asbestos can cause 
harm/injury.  

Carry out an asbestos survey.  
Hire a specialist to remove the 
asbestos if it is found.   

Second transformer trips when 
working on the other 
transformer. 

Customers lose supply. Fines may be 
incurred depending on the outage 
time.  

Consider surveying the overhead 
line. 
Stage the work to meet the 
Emergency Return To Service (ERTS).  
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 

The old transformer and the 
new relay may not be 
compatible. 

This may restrict the level of control 
that can be applied 

Check the functionality of the 
transformer before choosing the 
relay to be used. 
Select an alternative site if 
necessary. 
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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SVO Substation Investigation 
Staplegrove 33/11kV 

1 Introduction 

The following report details the findings from the investigation of Staplegrove 33/11kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation. 

The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  

2 Substation Overview 

2.1 Description 

Staplegrove 33/11kV substation belongs to the Seabank-Bridgwater-Taunton Grid Group 
and is normally fed via two 33kV circuits from Taunton BSP. It has two 11.5/23MVA 33/11kV 
transformers operating with the bus section normally closed. The substation was originally 
constructed in 1966 with the original equipment still in operation.  

The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 

2.2 Investment under RIIO-ED1 

There are currently no plans to carry out investment works at this site as part of RIIO-ED1. 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to reduce 
by 0.31MVA over the next five years.  

Table 2-1: Load forecast for Staplegrove 33/11kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Staplegrove 33/11 0.99 12.4 12.16 12.01 11.93 11.95 12.09 22.86 

2.4 Customers 

2.4.1 Number of Customers 

Staplegrove currently supplies 9,559 customers and has no voltage sensitive customers 
connected.   
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2.4.2 Type of Loads 

Staplegrove is located in an urban area therefore the typical loads at the substation are 
domestic and larger industrial and commercial customers. There are no voltage sensitive 
customers connected to the substation.  
 

2.4.3 Generation 

The total amount of embedded generation feeding into the Staplegrove 11KV network is 
5MW. This is supplied by two solar PV sites. There are currently no connections committed 
for the future which are over 1MW. [2015 LTDS table 5]     
 

2.5 Voltage Control Equipment 

2.5.1 Transformers 

Both of the 11.5/23MVA transformers were manufactured by Ferranti Transformers in 1966 
and have 17 position tap changers. The transformers are currently being closely monitored 
due to their condition and require more maintenance than other transformers.  
 

2.5.2 Automatic Voltage Control Relays 

The substation currently has two GE AVE5 relays installed in external cubicles next to the 
transformer for voltage control.  
 

2.5.3 Auxiliary Systems 

The substation has an 110V battery supply that was installed with the transformers and 
switchgear in 1966. The substation has  D20 SCADA system installed. 
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  

3.2 Substation Voltage Range 

3.2.1 Study 

Analysis of Staplegrove feeder voltages using WPD IPSA models determined that a 0.015pu 
voltage reduction was available whilst remaining within statutory limits. 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Staplegrove over a two year period. 
Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical day.  

Figure 3-1: Historic voltage profile at Staplegrove 
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Figure 3-2: 01/06/15 Voltage profile at Staplegrove 

 

3.2.3 Results 

The voltage studies have shown that the voltage can be reduced by 0.015pu below nominal 
and remain within statutory limits.  
 
The historical voltage profiles show that the moving average has fluctuated over the last 
two years between 0.018pu and 0.031pu but settled down to 0.031pu for the last two 
months. The daily fluctuations in voltage are approximately constant at an average of 
0.017pu. 
  
With the substation operating at around 0.031pu above nominal it may be possible to 
achieve a 0.046pu voltage reduction. 
 

3.3 Scope of work to enable SVO 

Due to the condition of both transformers at Staplegrove, it is not recommended that the 
SVO method is deployed at this substation.  
 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Staplegrove the relays must be replaced with one of the 
recommended relays.  
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3.3.2 AVC Panel 

The existing AVC panels are mounted in external cabinets next to the transformers. In order 
to install the new relay required the whole panel will require replacement and positioned 
inside the substation building where space is available.  
 

3.3.3 Monitors 

Following analysis of the 11kV network in IPSA, six potential locations have been identified 
across all feeders from the substation to have voltage monitoring equipment installed for 
SVO verification purposes. 
 

3.3.4 SCADA 

The change from mechanical to numerical relays for voltage control will require a large 
number of new interfaces. The existing SCADA equipment has capacity to accept new 
signals, however wiring and communications cards will be required.  
 

3.3.5 Auxiliary systems 

The existing substation auxiliary systems are suitable for any modifications required to 
operate new equipment for the SVO method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Staplegrove. The Health and Safety at Work Act 1974 and Electricity at Work 
Regulations 1989 shall be fully implemented with a view to making the equipment safe to 
install, operate and maintain.  

4.2 CDM 

The works at Staplegrove will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 

Table 4-1: Site specific risks 

Risk Effect Action 

Asbestos in the fuse casing can 
release dust particles if moved. 

If inhaled asbestos can cause 
harm/injury. 

Carry out an asbestos survey.  
Hire a specialist to remove the 
asbestos if it is found.   

Second transformer trips when 
working on the other 
transformer. 

Customers loose supply. Fines may 
be incurred depending on the outage 
time.  

Consider surveying the Overhead 
Line. 
Stage the work to meet the 
Emergency Return To Service (ETRS). 
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 

The old transformer and the 
new relay may not be 
compatible. 

This may restrict the level of control 
that can be applied 

Check the functionality of the 
transformer before choosing the 
relay to be used. 
Select an alternative site if 
necessary. 

Old transformer degrades at a 
faster rate due to stricter 
voltage control requiring more 
frequent tap changes. 

The lifetime of the tap changer 
reduces. 

Aim to install at the sites were the 
transformers are younger and in 
better condition.  
Expect to replace the transformer 
sooner than anticipated.  
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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SVO Substation Investigation 
Street 132/33kV BSP 

1 Introduction 

The following report details the findings from the investigation of Street 132/33kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation.  
 
The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  
 
2 Substation Overview 

2.1 Description 

Street 132/33kV substation belongs to the Seabank-Bridgwater-Taunton Grid Group and is 
normally fed via one 132kV circuit from Bridgwater GSP. The substation is operated in 
parallel with Bridgwater 132/22kV BSP. The substation contains a single 30/60MVA 
132/33kV transformer. The substation was originally constructed in the late 1960’s with the 
transformer being replaced in 1998.  
 
A selection of photos and the control, single line and EMU diagrams are provided in 
Appendices A-D of this report. 
 

2.2 Investment under RIIO-ED1 

There are currently no committed plans to carry out investment works at this substation as 
part of RIIO-ED1.  
 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to remain 
stable over the next five years with the firm capacity not being reached. 
 
 Table 2-1: Load forecast for Street 132/33kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Street 132/33 0.96 38.56 38.03 37.86 37.97 38.03 38.46 68.58 

 

2.4 Customers 

2.4.1 Number of Customers 

The combined Street and Bridgwater BSPs supply sixteen primary substations. The total 
number of customers supplied from Street and Bridgwater BSP is 47,398. 
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2.4.2 Type of Loads 

The primary substations supplied from Street and Bridgwater BSPs are located in both 
urban and rural areas. The substation therefore supplies a wide range of load types with 
both high and low demands. There are also several 33kV connected customers including a 
landfill site and multiple farms. There is a single customer on the 33kV network that is 
considered as voltage sensitive.  
 

2.4.3 Generation 

The total amount of embedded generation feeding into the Bridgwater Main network is 
currently 115.66MW. Connected to the 33KV network is 81.45MW, with the 11kV network 
having 34.21MW connected.  
 
The 33kV connection is made up of 10 solar PV sites totalling 61.75MW and two gas sites 
totalling 19.7MW. Seven further solar PV sites are committed for future connection to the 
33kV network which will add a further 62.22MW of generation.  
 
The 34.21MW connected to the 11kV networks fed from Bridgwater Main BSP is made up of 
a mix of PV, STOR, CHP and other alternative sources. A further 18.35MW of solar PV 
generation is committed for future connection. 
 
Overall, the committed generation at both voltage levels will add 80.57MW of embedded 
generation giving a total of 196.23MW [2015 LTDS table 5]. Figure 2-1 shows the division of 
capacity between the generation sources found in the network. 
 

     
Figure 2-1: Pie charts of the networks connected generation (left), connected and committed generation (right)    

 

2.5 Voltage Control Equipment 

2.5.1 Transformers 

The existing transformer was manufactured by Hawker Siddeley Transformers in 1997 with 
a 19 position tap changer.  
 
 

Connected Generation 

Solar PV

Gas

Wind

CHP

STOR

Other

Waste

Total = 105.65MW 

Connected + committed Generation 

Solar PV

Gas

Wind

CHP

STOR

Other

Waste

Total = 186.22MW 

 
 Page 6 of 17  



 
 

 

SVO Substation Investigation 
Street 132/33kV BSP 

2.5.2 Automatic Voltage Control Relays 

Street BSP currently utilises a single MVGC01 relays for Voltage Control of its transformer. 
The existing scheme was installed alongside the transformer change in 1998.   
 

2.5.3 Auxiliary Systems 

The substation has an 110V battery supply and a D20 SCADA communications system.  
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trail will also be provided.  
 

3.2 Substation Voltage Range 

3.2.1 Study 

The feeder voltages calculated through PSS/E studies are shown in Table 3-1 below with the 
maximum and minimum voltages across the whole network highlighted in bold.  
 
Table 3-1: Street Feeder voltage analysis 

Feeder Feeder Max Voltage (pu) Feeder Min Voltage (pu) 
1 1.018 0.986 
2 0.996 0.947 
3 1.004 0.962 
4 1.004 0.962 
5 1.030 0.939 

 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Street over a two year period. Figure 
3-2 shows the fluctuation in the voltage seen at the substation in a typical day.  
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Figure 3-1: Historic voltage profile at Street BSP 

 

 
Figure 3-2: 01/07/15 Voltage profile at Street BSP 
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3.2.3 Results 

The study results show that for Street BSP, the voltage can be increased by 0.03pu and still 
keep all parts of the 33kV network within statutory limits. It is not possible to decrease the 
voltage and remain within statutory limits.  
 
The historical voltage profiles show that the voltage is fluctuating around 0.01pu below 
nominal with a typical daily variation of 0.018pu.   
 

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Street BSP the relays must be replaced with one of the 
recommended relays. 
  

3.3.2 AVC Panel 

The existing panels are front access swing door frame that contain suitable room to 
accommodate a new AVC relays. Therefore the current relays will be removed and the 
panels adapted to fit the new relays. This will also involve a replacement of internal control 
wiring and additional terminal blocks to accommodate the new communication 
requirements.  
 

3.3.3 Monitors 

The following existing measurement points can be utilised by the SVO method for 
verification purposes.  
 
Table 3-2: Street BSP Feeder measurement locations 

Street BSP Feeder Measurement Locations 33 kV VT 11 kV VT 

Bath Road 11kV YES YES 

Bridgwater Local 11kV YES YES 

Burnham 11kV NO YES 

Colley Lane 11kV NO YES 

Creech St Michael 11kV YES YES 

Nether Stowey 11kV NO YES 

Watchfield 11kV YES YES 

 

3.3.4 SCADA 

Modifications are required to the existing SCADA interface to accommodate the relay 
specific control signals. The existing communications scheme is sufficient but will require 
the installation of extra wiring and communications cards. 
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3.3.5 Auxiliary systems 

The existing battery systems at the substation have sufficient spare capacity for any new 
equipment installed for the SVO method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Street BSP. The Health and Safety at Work Act 1974 and Electricity at Work 
Regulations 1989 shall be fully implemented with a view to making the equipment safe to 
install, operate and maintain.  
 

4.2 CDM 

The works at Street BSP will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 
 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 
 
Table 4-1: Site specific risks 

Risk Effect Action 

Cutting Panels will cause 
vibrations. 

The vibrations can transmit to 
adjacent panels. If these house old 
mechanical relays they may be 
triggered by the vibrations causing 
unwanted changes in voltage. This 
can lead to trips occurring. 

Remove the door and modify off the 
panel if possible.  
Ensure all live panels are labelled 
clearly. 
Ensure WPD approved methods are 
used for cutting existing panels. 

There is only one transformer at 
this substation. 

The substation operates in parallel 
with Bridgwater so there will be 
additional load on this site when 
modifying Street BSP. 

Consider surveying the overhead 
lines which supply Bridgwater.  
Stage the work to meet the 
Emergency Return To Service (ERTS)  
Ensure the Bridgwater transformers 
are serviced before the work is 
carried out to ensure they are in 
good condition. 
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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SVO Substation Investigation 
Taunton Main 132/33kV BSP 

1 Introduction 

The following report details the findings from the investigation of Taunton Main 132/33kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation.  
 
The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  
 
2 Substation Overview 

2.1 Description 

Taunton Main 132/33kV substation belongs to the Taunton, Seabank and Bridgwater Grid 
Group and is normally fed via three 132kV circuits from Taunton GSP. It has three 132/33kV 
transformers operating with the bus section normally closed. The 33kV switchroom was 
constructed in 1998 with the transformers being replaced in between 2009 and 2011.   
 
The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 
 

2.2 Investment under RIIO-ED1 

There are currently no committed plans to carry out investment works at this substation as 
part of RIIO-ED1.  
 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to 
decrease for the next 3 years before starting to increase again. The firm capacity will not be 
reached.  
 
Table 2-1: Load forecast for Taunton Main 132/33kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Taunton 
Main 132/33 0.99 87.22 85.52 84.49 83.90 84.04 85.01 129.95 

 

2.4 Customers 

2.4.1 Number of Customers 

Taunton Main supplies a total of ten primary substations with a total number of customers 
of 55,937.  
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2.4.2 Type of Loads 

The primary substations supplied from Taunton Main are located in a mixture of urban and 
rural areas with a mixture of domestic, commercial and industrial loads. None of the 
customers are specified as voltage sensitive.   
 

2.4.3 Generation 

The total amount of embedded generation feeding into the Taunton Main network is 
32.25MW with 30.75MW connected to the 33kV network and 1.5MW of generation 
connected to the 11kV network. 
 
The 33kV connection is made up of five solar PV sites (30.75MW) with a further six solar 
farms generating 28.41MW and a single 20MW STOR committed for future connection. 
There is a single 1.5MW solar PV farm connected to the 11kV primary network.  
 
Overall the future generation will add 48.41MW of embedded generation giving a total of 
80.66MW [2015 LTDS table 5]. Figure 2-1 shows the division of capacity between the 
generation sources found in the network. 
 

     
Figure 2-1: Pie charts of the networks connected generation (left), connected and committed generation (right)    

 

2.5 Voltage Control Equipment 

2.5.1 Transformers 

All three transformers were manufactured after 2008 by Siemens Transformers with a 19 
position tap changer.  
 

2.5.2 Automatic Voltage Control Relays 

Taunton Main currently utilises three MVGC01 relays for Voltage Control of its 
transformers. The existing scheme was installed alongside the switchgear upgrade in 1998.   
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2.5.3 Auxiliary Systems 

The substation has an 110V battery supply, installed in 1998 in conjunction with the change 
in switchgear and has spare capacity available. The substation also has a D20 SCADA 
communications system installed.  
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  
 

3.2 Substation Voltage Range 

3.2.1 Study 

The feeder voltages calculated through PSS/E studies are shown in Table 3-1 below with the 
maximum and minimum voltages across the whole network highlighted in bold.  
 
Table 3-1: Taunton Main Feeder voltage analysis 

Feeder Feeder Max Voltage (pu) Feeder Min Voltage (pu) 
1 1.017 0.998 
2 1.017 0.998 
3 1.035 0.992 
4 1.027 0.962 
5 1.028 0.994 
6 1.018 0.993 
7 1.042 0.994 
8 1.015 0.990 
9 1.038 0.990 
10 1.016 0.996 
11 1.016 0.996 

 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Taunton Main BSP over a two year 
period. Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical 
day.  
 

 
 Page 8 of 17  



SVO Substation Investigation 
Taunton Main 132/33kV BSP 

Figure 3-1: Historic voltage profile at Taunton Main 

Figure 3-2: 1/7/15 Voltage profile at Taunton Main 
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3.2.3 Results 

The study results show that for Taunton Main BSP, the voltage can be reduced by 0.022pu 
and still keep all parts of the 33kV network within statutory limits. It is possible to increase 
the voltage by 0.018pu and be within the statutory limits.  
 
The historic voltage profiles shows the voltage was initially stable around 0.01pu above 
nominal however has recently started to show a pronounced fluctuation. The typical daily 
variation in voltage has remained around 0.017pu. 
 

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Taunton Main BSP the relays must be replaced with one of the 
recommended relays.  
 

3.3.2 AVC Panel 

The existing panels are front access swing door frame that contain suitable room to 
accommodate a new AVC relay. Therefore the current relays will be removed and the 
panels adapted to fit the new relays. This will also involve a replacement of internal control 
wiring and additional terminal blocks to accommodate the new communication 
requirements.  
 

3.3.3 Monitors 

The following existing measurement points can be utilised by the SVO method for 
verification purposes.  
 
Table 3-2: Taunton Feeder measurement locations 

Taunton Main BSP Feeder Measurement Locations 33 kV VT 11 kV VT 
Exebridge 11kV YES YES 

Lydeard St Lawrence 11kV YES YES 

Priorswood 11kV NO YES 

Staplegrove 11kV NO YES 

Taunton Local 11kV NO YES 

Wellington 11kV NO YES 

Wellington Town 11kV NO YES 

 

3.3.4 SCADA 

Modifications are required to the existing SCADA interface to accommodate the relay 
specific control signals. The existing communications scheme is sufficient but will require 
the installation of extra wiring and communications cards. 
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3.3.5 Auxiliary systems 

The existing battery systems at the substation have sufficient spare capacity for any new 
equipment installed for the SVO method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Taunton Main BSP. The Health and Safety at Work Act 1974 and Electricity at 
Work Regulations 1989 shall be fully implemented with a view to making the equipment 
safe to install, operate and maintain.  

4.2 CDM 

The works at Taunton Main BSP will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 

Table 4-1: Site specific risks 

Risk Effect Action 

Cutting Panels will cause 
vibrations. 

The vibrations can transmit to 
adjacent panels. If these house old 
mechanical relays they may be 
triggered by the vibrations causing 
unwanted changes in voltage. This 
can lead to trips occurring. 

Remove the door and modify off the 
panel if possible.  
Ensure all live panels are labelled 
clearly. 
Ensure WPD approved methods are 
used for cutting existing panels. 

One of the remaining two 
transformers trip when working 
on one transformer. 

Customers lose supply. Fines may be 
incurred depending on the outage 
time.  

Consider surveying the overhead 
line. 
Stage the work to meet the 
Emergency Return To Service (ERTS). 
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 
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SVO Substation Investigation 
Tiverton 132/33kV BSP 

1 Introduction 

The following report details the findings from the investigation of Tiverton 132/33kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation.  
 
The information presented will form the basis of scoring the BSP sites to select the most 
suitable for trialling the SVO Method.  
 
2 Substation Overview 

2.1 Description 

Tiverton 132/33kV substation belongs to the Abham-Exeter-Landulph Grid Group and is 
normally fed via two 132 kV circuits from Exeter Main GSP. It has two 22.5/45MVA 
132/33kV transformers operating with the bus section normally closed. The substation was 
originally constructed in the early 1960’s with the 33kV switchgear replacement works 
completed in 2015.  

 
The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 
 

2.2 Investment under RIIO-ED1 

Work is currently in progress to change the 132kV circuit breaker as part of RIIO-ED1. 
 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected increase by 
2.74MVA over the next five years. However, the firm capacity will not be reached.  
 
Table 2-1: Load forecast for Tiverton 132/33kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Tiverton 132/33 0.98 56.91 58.42 58.31 58.92 59.01 59.65 67.5 

 

2.4 Customers 

2.4.1 Number of Customers 

Tiverton BSP supplies a total of ten primary substations with a total number of customers of 
48,000.  
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2.4.2 Type of Loads 

The primary substations supplied from Tiverton Main are located in a mixture of urban and 
rural areas with a mixture of domestic, commercial and industrial loads. None of the 
customers are specified as voltage sensitive.   

2.4.3 Generation 

The total amount of embedded generation feeding into the Tiverton network is 21.28MW 
of three phase generation. Connected to the 33kV network is 4.55MW with 16.73MW of 
generation connected to the 11kV networks. 

The 33kV connection is made up of a single solar PV site (4.55MW) at Ayshford Court. Four 
further solar PV sites are committed to in the future (18MW). There is 16.73MW of 
generation connected to the 11kV primary networks fed from Tiverton BSP, this is made up 
of solar PV and gas generation. 

Overall the future generation will add 18MW of embedded generation giving a total of 
39.28MW [2015 LTDS table 5]. Figure 2-1 shows the division of capacity between the 
generation sources found in the network. 

    
Figure 2-1: Pie charts of the networks connected generation (left), connected and committed generation (right)   

2.5 Voltage Control Equipment 

2.5.1 Transformers 

The two transformers at Tiverton BSP were manufactured by Brush transformers in 1964 
and have 19 position tap changers.  

2.5.2 Automatic Voltage Control Relays 

The AVC relays were updated alongside the replacement of the 33kV switchboard to 
Fundementals SuperTAPP N+ relays.  

Connected Generation 

Solar PV

Gas

Wind

CHP

STOR

Other

Waste

Total = 21.28MW 

Connected + committed Generation 

Solar PV

Gas

Wind

CHP

STOR

Other

Waste

Total = 39.28MW 
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2.5.3 Auxiliary Systems 

The substation contains an 110V battery that was installed in 2015 alongside the 
replacement of the 33kV switchgear. The D20 SCADA communications system was also 
installed alongside the 33kV switchgear replacement works. 
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trail will also be provided.  

3.2 Substation Voltage Range 

3.2.1 Study 

The feeder voltages calculated through PSS/E studies are shown in Table 3-1 below with the 
maximum and minimum voltages across the whole network highlighted in bold.  

Table 3-1: Tiverton Feeder voltage analysis 

Feeder Feeder Max Voltage (pu) Feeder Min Voltage (pu) 
1 1.027 0.964 
2 1.031 0.986 
3 1.031 0.986 
4 1.030 0.985 
5 1.030 0.985 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Tiverton BSP over a three month 
period. Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical 
day.   
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Figure 3-1: Historic voltage profile at Tiverton BSP 

 

 
Figure 3-2: 01/09/15 Voltage profile at Tiverton BSP 
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3.2.3 Results 

The study results show that for Tiverton BSP, the voltage can be reduced by 0.024pu and 
still keep all parts of the 33kV network within statutory limits. It is possible to increase the 
voltage by 0.029pu and be within the statutory limits.  

The historical voltage profiles show that the voltage has remained steady over the period 
analysed at nominal voltage with an average daily fluctuation in voltage of 0.022pu.   

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The current relay is suitable for the use with the SVO method. 

3.3.2 AVC Panel 

The existing panel will require additional terminal blocks to be installed to facilitate 
communications between the relay and SCADA interface. 

3.3.3 Monitors 

The following existing measurement points can be utilised by the SVO method for 
verification purposes.  

Table 3-2: Tiverton BSP Feeder measurement locations 

Tiverton BSP Feeder Measurement Locations 33 kV VT 11 kV VT 
Bridge Mills 11kV YES YES 

Burlescombe 11kV YES YES 

Cullompton 11kV YES YES 

Dunkeswell 11kV YES YES 

Hemyock 11kV YES YES 

Tiverton Moorhayes 11kV YES YES 

Tiverton South 11kV YES YES 

Tiverton Junction 11kV NO YES 

3.3.4 SCADA 

Minor modifications will be required to the existing SCADA interface to accommodate the 
relay specific control signals. The existing communications scheme is sufficient but will 
require the installation of extra wiring.  

3.3.5 Auxiliary systems 

The existing battery systems at the substation have sufficient spare capacity for any new 
equipment installed for the SVO method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Tiverton BSP. The Health and Safety at Work Act 1974 and Electricity at Work 
Regulations 1989 shall be fully implemented with a view to making the equipment safe to 
install, operate and maintain.  
 

4.2 CDM 

The works at Tiverton BSP will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 
 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 
 
Table 4-1: Site specific risks 

Risk Effect Action 

Second transformer trips when 
working on the other 
transformer. 

Customers lose supply. Fines may be 
incurred depending on the outage 
time.  

Consider surveying the overhead 
line. 
Stage the work to meet the 
Emergency Return To Service (ERTS).  
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 

Old transformer degrades at a 
faster rate due to stricter 
voltage control requiring more 
frequent tap changes. 

The lifetime of the transformer tap 
changer reduces. 

Aim to install at the sites were the 
transformers are younger and in 
better condition.  
Expect to replace the transformer 
sooner than anticipated.  
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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Tiverton Junction 33/11kV 

1 Introduction 

The following report details the findings from the investigation of Tiverton Junction 33/11kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation.  

The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  

2 Substation Overview 

2.1 Description 

Tiverton Junction 33/11kV substation belongs to the Abham-Exeter-Landulph Grid Group 
and is normally fed from Tiverton BSP. It has two 15/18.75MVA 132/33kV transformers 
operating with the bus section normally closed. The substation was constructed in the late 
1950s with the 11kV switchgear installed in the mid 1970s.  

The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 

2.2 Investment under RIIO-ED1 

As part of RIIO-ED1 Investment plans work is currently in progress to install a new 11kV 
board.   

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to increase 
by 1.84MVA over the next five years. However, the firm capacity will not be reached.  

Table 2-1: Load forecast for Tiverton Junction 33/11kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Tiverton 
Junction 33/11kV 0.98 12.16 13.24 13.42 13.85 13.87 14.00 15.24 

2.4 Customers 

2.4.1 Number of Customers 

Tiverton Junction currently supplies 4,700 customers and has no voltage sensitive 
customers connected.   
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2.4.2 Type of Loads 

The substation supplies a mainly rural area and therefore the customers are domestic and 
small industrial.  

2.4.3 Generation 

The total amount of embedded generation feeding into the Tiverton Junction 11KV network 
is 7MW. This is supplied by two solar PV sites (5.8MW). A single solar PV site (1.2MW) is 
committed for future connection. This will increase the embedded generation to 7MW. 
[2015 LTDS table 5]    

2.5 Voltage Control Equipment 

2.5.1 Transformers 

Both of the 33/11kV transformers at the substation were manufactured in 1956 and had 15 
position tap changers installed. 

2.5.2 Automatic Voltage Control Relays 

The substation currently utilises two GE AVE5 relays for voltage control. These were 
installed alongside the switchgear in the 1970’s.  

2.5.3 Auxiliary Systems 

The substation has an 110V battery and D20 SCADA system installed. 
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  

3.2 Substation Voltage Range 

3.2.1 Study 

Analysis of Tiverton Junction feeder voltages using WPD IPSA models determined that there 
is no voltage reduction available at Tiverton Junction whilst remaining within statutory 
limits. 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Tiverton Junction over a two year 
period. Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical 
day.  

Figure 3-1: Historic voltage profile at Tiverton Junction 
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Figure 3-2: 01/06/15 Voltage Profile at Tiverton Junction 

3.2.3 Results 

The voltage studies have shown that the voltage cannot be reduced below 1pu and remain 
within statutory limits.  

The historical voltage profiles show that the moving average has fluctuated over the two 
years between 0.005pu and 0.012pu with an average of 0.009pu. The daily fluctuations in 
voltage are roughly constant with an average of 0.019pu. 

With the substation operating at around 0.01pu above nominal it may be possible to 
achieve some voltage reduction.  

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Tiverton Junction the relays must be replaced with one of the 
recommended relays.  

3.3.2 AVC Panel 

Due to the complexity of change from mechanical to numerical relays, it is proposed to 
install a new AVC panel at this substation. This would require the removal of now redundant 
equipment still inside the 11kV switchroom.  
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3.3.3 Monitors 

Following analysis of the 11kV network in IPSA, six potential locations have been identified 
across all feeders from the substation to have voltage monitoring equipment installed for 
SVO verification purposes. 

3.3.4 SCADA 

The change from mechanical to numerical relays for voltage control will require a large 
number of new interfaces. The existing SCADA equipment has capacity to accept new 
signals, however wiring and communications cards will be required.  

3.3.5 Auxiliary systems 

The existing substation auxiliary systems are suitable for any modifications required to 
operate new equipment for the SVO method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Tiverton Junction. The Health and Safety at Work Act 1974 and Electricity at 
Work Regulations 1989 shall be fully implemented with a view to making the equipment 
safe to install, operate and maintain.  

4.2 CDM 

The works at Tiverton Junction will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 

Table 4-1: Site specific risks 

Risk Effect Action 

Asbestos in the fuse casing can 
release dust particles if moved. 

If inhaled asbestos can cause 
harm/injury. 

Carry out an asbestos survey.  
Hire a specialist to remove the 
asbestos if it is found.   

Second transformer trips when 
working on the other 
transformer. 

Customers loose supply. Fines may 
be incurred depending on the outage 
time.  

Consider surveying the Overhead 
Line. 
Stage the work to meet the 
Emergency Return To Service (ETRS). 
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 

The old transformer and the 
new relay may not be 
compatible. 

This may restrict the level of control 
that can be applied 

Check the functionality of the 
transformer before choosing the 
relay to be used. 
Select an alternative site if 
necessary. 

Old transformer degrades at a 
faster rate due to stricter 
voltage control requiring more 
frequent tap changes. 

The lifetime of the tap changer 
reduces. 

Aim to install at the sites were the 
transformers are younger and in 
better condition.  
Expect to replace the transformer 
sooner than anticipated.  

The space allocated for a new 
panel is taken up by other 
equipment. 

No room for the panel, the design 
needs to be redrawn. 

Communication is required once the 
approved designs are in place to 
agree what the space is reserved for.  

Page 10 of 15 



SVO Substation Investigation 
Tiverton Junction 33/11kV 

APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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SVO Substation Investigation 
Tiverton Moorhayes 33/11kV 

1 Introduction 

The following report details the findings from the investigation of Tiverton Moorhayes 
33/11kV Substation for the inclusion of SVO technology. The report will provide an overview 
of the substation, including existing customer information and installed equipment, and 
provide details of the work required to successfully integrate the SVO technology at the 
substation.  

The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  

2 Substation Overview 

2.1 Description 

Tiverton Moorhayes 33/11kV substation belongs to the Abham-Exeter-Landulph Grid Group 
and is normally fed via two 33kV circuits from Tiverton BSP. It has two 7.5/15MVA 
transformers operating with the bus section normally closed. The transformers and 
switchgear were both replaced in 2006.  

The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 

2.2 Investment under RIIO-ED1 

As part of RIIO-ED1 Investment plans modifications are currently being carried out on the 
incoming 33kV circuits.  

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to 
decrease by 0.16MVA over the next five years.  

Table 2-1: Load forecast for Tiverton Moorhayes 33/11kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Tiverton 
Moorhayes 33/11 0.98 6.68 6.55 6.48 6.43 6.44 6.52 14 

2.4 Customers 

2.4.1 Number of Customers 

Tiverton Moorhayes currently supplies 5,600 customers and has no voltage sensitive 
customers connected.   
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2.4.2 Type of Loads 

The substation is the main supply point for Tiverton Town therefore the primary loads are 
domestic with some industrial and commercial loads.  
 

2.4.3 Generation 

The total amount of embedded generation feeding into the Tiverton Moorhayes 11KV 
network is 2.66MW. This is supplied by two solar PV sites. There are currently no 
connections committed for in the future above 1MW. [2015 LTDS table 5]     
 

2.5 Voltage Control Equipment 

2.5.1 Transformers 

Both of the 7.5/15MVA transformers at the substation were manufactured in 2005 by Brush 
Transformers. Both transformers have 17 position AT 317 44/300L tap changers installed.   
 

2.5.2 Automatic Voltage Control Relays 

Tiverton Moorhayes currently utilises two KVGC202 relays for Voltage Control of its 
transformers. The existing scheme was installed in 2006 alongside the replacement of the 
transformers.  
 

2.5.3 Auxiliary Systems 

The substation has an 110V battery supply and D20 SCADA system, installed in 2006 in 
conjunction with the change in switchgear.  
 

 
 Page 6 of 15  



SVO Substation Investigation 
Tiverton Moorhayes 33/11kV 

3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  

3.2 Substation Voltage Range 

3.2.1 Study 

Analysis of Tiverton Moorhayes feeder voltages using WPD IPSA models determined that 
there is no voltage reduction available at Tiverton Moorhayes whilst remaining within 
statutory limits. 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Tiverton Moorhayes over a two year 
period. Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical 
day.  

Figure 3-1: Historic voltage profile at Tiverton Moorhayes 
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Figure 3-2: 01/06/15 Voltage profile at Tiverton Moorhayes 
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3.3.4 SCADA 

Minor modifications are required to the existing SCADA system to enable the full 
operational capability required for the SVO. 

3.3.5 Auxiliary systems 

No modifications are required to the substation auxiliary systems to enable the SVO 
method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Tiverton Moorhayes. The Health and Safety at Work Act 1974 and Electricity 
at Work Regulations 1989 shall be fully implemented with a view to making the equipment 
safe to install, operate and maintain.  

4.2 CDM 

The works at Tiverton Moorhayes will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 

Table 4-1: Site specific risks 

Risk Effect Action 

Second transformer trips when 
working on the other 
transformer. 

Customers loose supply. Fines may 
be incurred depending on the outage 
time.  

Consider surveying the Overhead 
Line. 
Stage the work to meet the 
Emergency Return To Service (ETRS). 
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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SVO Substation Investigation 
Totnes 132/33kV BSP 

1 Introduction 

The following report details the findings from the investigation of Totnes 132/33kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation. 

The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  

2 Substation Overview 

2.1 Description 

Totnes 132/33kV substation belongs to the Abham, Exeter and Landulph Grid Group and is 
normally fed via two 132kV circuits from Abham GSP. It has two 22.5/45MVA 132/33kV 
transformers operating with the bus section normally closed. 

The control, single line and EMU diagrams are provided in Appendices A-C of this report. 

2.2 Investment under RIIO-ED1 

As part of RIIO-ED1 Investment plans the 132kV Circuit Breaker will be replaced in 2017. 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to increase 
by 1.2MVA over the next five years. However, the firm capacity will not be reached.  

Table 2-1: Load forecast for Totnes 132/33kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Totnes 132/33 0.96 45.76 45.84 45.96 46.10 46.45 46.96 50.29 

2.4 Customers 

2.4.1 Number of Customers 

Totnes BSP supplies seven primary substations with a total of 36,400 customers supplied. 
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2.4.2 Type of Loads 

The primary substations supplied from Totnes are mainly located in rural areas with a 
domestic and light industrial load. None of the customers are specified as being voltage 
sensitive. 

2.4.3 Generation 

The total amount of embedded generation feeding into the Totnes network is 36.17MW all 
of which is connected to the 33kV network. All generation is provided by six solar PV sites 
with another three solar PV sites committed for future connection adding a further 
17.76MW of generation. This will give a total generation on the Totnes BSP network of 
53.93MW. [2015 LTDS table 5] 

2.5 Voltage Control Equipment 

2.5.1 Transformers 

The first transformer GT1 was manufactured by Yorkshire electric and commissioned in 
1961. The second transformer GT2 was manufactured by Crompton Parkinson and 
commissioned in 1965. 

2.5.2 Automatic Voltage Control Relays 

The substation currently utilises two GE AVE5 relays for voltage control. 

2.5.3 Auxiliary Systems 

The substation has an 110V battery system and a D20 SCADA system installed. 
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3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  

3.2 Substation Voltage Range 

3.2.1 Study 

The feeder voltages calculated through PSS/E studies are shown in Table 3-1 below with the 
maximum and minimum voltages across the whole network highlighted in bold.  

Table 3-1: Totnes Feeder voltage analysis 

Feeder Feeder Max Voltage (pu) Feeder Min Voltage (pu) 
1 1.030 0.999 
2 1.031 0.983 
3 1.041 0.969 
4 1.039 0.966 
5 1.019 0.974 
6 1.030 0.999 
7 1.046 0.994 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Totnes BSP over a two year period. 
Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical day.  
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Figure 3-1: Historic voltage profile of Totnes 

Figure 3-2: 01/08/15 Voltage profile of Totnes 
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3.2.3 Results 

The study results show that for Totnes BSP, the voltage can be reduced by 0.026pu and still 
keep all parts of the 33kV network within statutory limits. It is possible to increase the 
voltage by 0.014pu and be within the statutory limits.  

The historical voltage profiles show the moving average has fluctuated between 0.003pu 
and 0.014pu with an average of 0.008pu above nominal. These fluctuations are caused by 
the use of a mechanical relay. The daily fluctuations in voltage on average have been at 
0.022pu. 

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

The existing AVC relays are not suitable for use with the SVO method. In order for the SVO 
method to be applied at Totnes BSP the relays must be replaced with one of the 
recommended relays.  

3.3.2 AVC Panel 

Due to the complexity of change from mechanical to numerical relays, it is proposed to 
install a new AVC panel at this substation. This will require new multicore cables to be run 
between the transformer and new panel.  

3.3.3 Monitors 

The following existing measurement points can be utilised by the SVO method for 
verification purposes.  

Table 3-2: Totnes Feeder measurement locations 

Totnes BSP Feeder Measurement Locations 33 kV VT 11 kV VT 
Ashburton 11kV NO YES 

Buckfastleigh 11kV YES YES 

Kingsbridge 11kV NO YES 

Marldon 11kV NO YES 

Salcombe 11kV YES YES 

South Brent 11kV NO YES 

Totnes 11kV NO YES 

3.3.4 SCADA 

The change from mechanical to numerical relays for voltage control will require a large 
number of new interfaces. The existing SCADA equipment has capacity to accept new 
signals, however wiring and communications cards will be required.  
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3.3.5 Auxiliary systems 

The existing auxiliary systems at the substation are sufficient for any new equipment 
installed for the SVO method.  
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4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Totnes BSP. The Health and Safety at Work Act 1974 and Electricity at Work 
Regulations 1989 shall be fully implemented with a view to making the equipment safe to 
install, operate and maintain.  

4.2 CDM 

The works at Totnes BSP will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 

Table 4-1: Site specific risks 

Risk Effect Action 
Asbestos in the fuse casing can 
release dust particles if moved. 

If inhaled asbestos can cause 
illnesses. 

Carry out an asbestos survey.  
Hire a specialist to remove the 
asbestos if it is found.   

Second transformer trips when 
working on the other 
transformer. 

Customers lose supply. Fines may be 
incurred depending on the outage 
time.  

Consider surveying the overhead 
line. 
Stage the work to meet the 
Emergency Return To Service (ERTS). 
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 

The old transformer and the 
new relay may not be 
compatible. 

This may restrict the level of control 
that can be applied 

Check the functionality of the 
transformer before choosing the 
relay to be used. 
Select an alternative site if 
necessary.  

Old transformer degrades at a 
faster rate due to stricter 
voltage control requiring more 
frequent tap changes. 

The lifetime of the transformer tap 
changer reduces. 

Aim to install at the sites were the 
transformers are younger and in 
better condition.  
Expect to replace the transformer 
sooner than anticipated.  

The space allocated for a new 
panel is taken up by other 
equipment. 

No room for the panel, the design 
needs to be redrawn. 

Communication is required once the 
approved designs are in place to 
agree what the space is reserved for.  
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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SVO Substation Investigation 
Waterlake 33/11kV 

1 Introduction 

The following report details the findings from the investigation of Waterlake 33/11kV 
Substation for the inclusion of SVO technology. The report will provide an overview of the 
substation, including existing customer information and installed equipment, and provide 
details of the work required to successfully integrate the SVO technology at the substation. 

The information presented will form the basis of scoring each substation to select the most 
suitable for trialling the SVO Method.  

2 Substation Overview 

2.1 Description 

Waterlake 33/11kV substation belongs to the Axminster Grid Group and is normally fed via 
two 33kV circuits from Woodcote BSP. It has two 7.5/15MVA 33/11kV transformers 
operating with the bus section normally open. The substation was originally constructed in 
the late 1960’s with the 11kV switchgear installed in 1980 and both transformers installed 
over the last 2 years.  

The control, single line and EMU diagrams, plus a selection of photographs are provided in 
Appendices A-D of this report. 

2.2 Investment under RIIO-ED1 

There are currently no plans to carry out investment works at this site as part of RIIO-ED1. 

2.3 Generation and Load Forecast 

Table 2-1 below shows the load forecast for the substation. The load is expected to 
decrease by 0.13MVA over the next five years. 

Table 2-1: Load forecast for Waterlake 33/11kV substation [2015 LTDS table 3] 

Name Voltage 
(kV) 

Power 
Factor 

Actual 
Peak 

(MVA) 
Load Forecast (MVA) Firm 

Capacity 
(MVA) 

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 

Waterlake 33/11 0.97 5.19 5.09 5.03 4.99 5.00 5.06 28 

2.4 Customers 

2.4.1 Number of Customers 

Waterlake currently supplies 3,000 customers and has no voltage sensitive customers 
connected.   
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SVO Substation Investigation 
Waterlake 33/11kV 

2.4.2 Type of Loads 

The substation supplies a mainly rural area with only a single town. The majority of the 
loads supplied are domestic with only a few light industrial and commercial loads. 

2.4.3 Generation 

The total amount of embedded generation feeding into the Waterlake 11KV network is 
4.344MW. This is supplied by two solar PV sites. There are currently no connections 
committed for in the future above 1MW. [2015 LTDS table 5]     

2.5 Voltage Control Equipment 

2.5.1 Transformers 

Both transformers at the substation were manufactured by Brush Transformers in 2013 and 
contain a 17 position AT 317 44/300L tap changer. 

2.5.2 Automatic Voltage Control Relays 

The substation contains two MicroTapp relays in a single swing frame panel for voltage 
control. These were installed in 2013 alongside the replacement of the 33/11kV 
transformers.  

2.5.3 Auxiliary Systems 

The substation has a 110V battery supply and D20 SCADA system installed. 
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Waterlake 33/11kV 

3 SVO Suitability 

3.1 Overview 

This section describes the current voltages at the site and the theoretical change in voltage 
that is possible from system models. A description of the works required to make the site 
suitable for inclusion in the SVO method trial will also be provided.  
 

3.2 Substation Voltage Range 

3.2.1 Study 

Analysis of Waterlake feeder voltages using WPD IPSA models determined that a 0.016pu 
voltage reduction was available whilst remaining within statutory limits. 
 

3.2.2 Measured Values 

Figure 3-1 below shows the historic voltage profile at Waterlake over a two year period. 
Figure 3-2 shows the fluctuation in the voltage seen at the substation in a typical day.  
 

 
Figure 3-1: Historic voltage profile at Waterlake 
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SVO Substation Investigation 
Waterlake 33/11kV 

Figure 3-2: 01/06/15 Voltage profile at Waterlake 

3.2.3 Results 

The voltage studies have shown that the voltage can be reduced by 0.016pu below nominal 
and remain within statutory limits.  

The historical voltage profiles show that the moving average has decreased from 0.035pu to 
0.022pu over the two years with their being some large fluctuations prior to February 2015. 
Following completion of all replacement works the voltage has settled at 0.022pu. The daily 
fluctuations in voltage are approximately constant at an average of 0.022pu. 

With the substation operating at around 0.022pu above nominal it may be possible to 
achieve a 0.038pu voltage reduction.  

3.3 Scope of work to enable SVO 

3.3.1 AVC Relay 

As the existing MicroTAPP relays have the function to control group settings, it is planned to 
utilise them as part of the SVO method and enable them for use via the installation of 
interposing relays. The relay will require minor wiring modifications and commissioning 
with new settings. 

3.3.2 AVC Panel 

Each AVC panel will be modified to include the required number of interposing relays 
internally. These will be mounted to the existing internal rail with all additional wiring 
utilising the existing cable containment within the panel.  
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Waterlake 33/11kV 

3.3.3 Monitors 

Following analysis of the 11kV network in IPSA, eight potential locations have been 
identified across all feeders from the substation to have voltage monitoring equipment 
installed for SVO verification purposes. 

3.3.4 SCADA 

Minor modifications are required to the existing SCADA system to enable selection of the 
different AVC settings groups.  

3.3.5 Auxiliary systems 

No modifications are required to the substation auxiliary systems to enable the SVO 
method.  
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Waterlake 33/11kV 

4 Health and Safety 

4.1 Overview 

Safe operation and continuity of supply shall be the main considerations for WPD, 
nominated working parties and manufacturers involved with any works to install SVO 
equipment at Waterlake. The Health and Safety at Work Act 1974 and Electricity at Work 
Regulations 1989 shall be fully implemented with a view to making the equipment safe to 
install, operate and maintain.  

4.2 CDM 

The works at Waterlake will fall under the Construction Design and Management 
Regulations 2015. WPD will be the Principal Contractor during all phases of the works. 

4.3 Risk Register 

Table 4-1 below highlights the site specific risks when carrying out the proposed 
modifications to the substation. 

Table 4-1: Site specific risks 

Risk Effect Action 

Second transformer trips when 
working on the other 
transformer. 

Customers loose supply. Fines may 
be incurred depending on the outage 
time.  

Consider surveying the Overhead 
Line. 
Stage the work to meet the 
Emergency Return To Service (ETRS). 
Ensure the two transformers are 
serviced before the work is carried 
out to ensure they are in good 
condition. 
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APPENDIX A - OVERALL NETWORK DIAGRAM 
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APPENDIX B - SINGLE LINE DIAGRAM 
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APPENDIX C - CONTROL ROOM LAYOUT 
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APPENDIX D - SITE PHOTOS 
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1 Solution Description
1.1 SVO Base Solution Technology

Our  technology,  Spectrum  Power,  will  carry  out  real-time  state  estimation,  modeling  and
management functions as part of an integrated solution for the SVO. It will address the needs
for expedition of the time to connect distributed generation (DG) to the network, thus reduce
the cost of connections through the adoption of revised Distribution System State Estimation
methodologies.

Connection of DGs often causes a significant rise in voltage levels which goes over the limits of
the existing equipments. Spectrum Power Component Distribution Network Applications (DNA)
which includes Distribution System State Estimation (DSSE) and Voltage Var Control application
(VVC), are used for the voltage constraint analysis and optimization in the network both in real-
time and study modes.

The DSSE application provides a solution for real-time monitoring, control, and base for
optimization of the network. It utilizes available current magnitude and measured voltage and
power values. It consistently corrects incoming mismatched information during the estimation
process, including topology analysis, load data, and measured values. DSSE calculates the state
of the distribution network elements to detect potential equipment loading and voltage limit
violations.

The VVC application performs the optimization of the network by providing
recommendations for the control of transformer tap changers and shunt devices (e.g.
capacitors), in order to keep distribution feeder equipment loading and voltages within
defined limits.

The application will be utilized in automatic closed-loop model while an open-loop mode is
also available for implementation and test purposes.
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Figure 3: SVO solution concept

Connection of Generator 1 to the 33KV network as shown in figure 1 above causes the 33KV
transformer voltage to rise thereby hitting its +6% upper voltage limit. Consequently, the SVO
system will optimize the network voltage within the relevant substations by reducing the
voltage setpoints of the AVC relays at the 33KV substations (e.g. at point A) such that the
voltage at that level is optimally reduced back within limits; while simultaneously
maintaining the 11KV transformer voltage level by retaining the existing voltage setpoint
target  at  point  B  (which  has  different  setpoint  to  that  of  point  A).  Though  with  the  same
optimization targets/aims, this application of separate optimisation setpoints at different
system voltage levels will allow additional generations to be connected on WPD’s networks.

As  depicted  in  figure  1  above,  Siemens  Spectrum  Power  SVO  (through  WPD’s  NMS)  will
effectively send separate voltage setpoint targets to AVC 1(33KV) and AVC 2(11KV) such that an
overall optimal system voltage is achieved. This voltage optimization will directly be achieved
using the VVC application (detailed in section 3) within the DNA suite that is contained in our
Spectrum Power platform.

SVO scope

Siemens Scope

ICCP
NMS

NMS Spectrum
Power SVO

AVCAVC

1
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1.2 SVO Solution Architecture

Siemens has reviewed WPD’s technical requirements of schedule 3 of the ITT and has opted for
option 2 within its system layout as our preferred solution, as shown in figure4 below. The main
element of the SVO system is the real time analysis and control which will be delivered through
the “Spectrum Power SVO” system, as shown below. The solution uses a central intelligence to
deliver flexible, scalable and expandable intelligence.

Figure 4:  Siemens solution architecture (Option 2)

The solution allows our Spectrum Power SVO to directly and securely communicate with the
PowerOn in order to receive and send real time data necessary to make its decision to and
from the PowerON though ICCP link. Under normal and abnormal running arrangements,
Spectrum Power will evaluate network configuration, voltage measurements and current
measurements across the trialled networks and calculate the optimal voltage set-points
which will be sent to the AVCs, based on real time data it gathers from PowerON through the
ICCP link.

When Spectrum Power decides to optimize the voltage set-points of the relevant AVC relays
at the 16 trial  substations,  consequent upon its  calculations and other information received
from  PowerOn,  it  will  simultaneously  issue  the  set-point  control  signals  through  ICCP  to
PowerOn. PowerOn will then pass the control signal through Front End Processor (FEP),
through the Base station, through the RTUs, to the AVCs, using its existing communications
networks.
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The communication between the NMS and the SVO is assumed to be ICCP. However, the
Spectrum Power SVO system could  retrieve required real time data directly from the RTUs in
the event of any failure (e.g. due to maintenance) or delay from the PowerOn. In essence,
when necessary, the optimal setpoint control may be directly issued to the RTUs without
having to pass the command through PowerOn. This may allow greater flexibility and ensure
optimal operation of the SVO system. If required by WPD, this alternative direct access and
communication with the RTUs can be achieved using the Spectrum Power’s CFE application
(see section Error! Reference source not found. for further details).

As  earlier  described  in  section  2.1,  the  optimization  is  achieved  using  the  DSSE  and  VVCAs  earlier  described  in  section  2.1,  the  optimization  is  achieved  using  the  DSSE  and  VVC
functionalities for the calculations, by considering the most recent state of the trial area
network topology.
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2 Detailed Technology Description
2.1 Overview

This section provides some details  on the Spectrum Power SVO architecture and functionality.
Spectrum Power 5 will be centrally positioned within the SVO project and will be responsible
for voltage optimisation (33KV and 11KV  networks) within the trial substation.

The  Spectrum  Power  Active  Network  Management  (ANM),  is  a  smart  tool  for  distribution
grids  which  supports  a  wide  range  of  equipment  –  from  transformer  tap  changers  and
capacitor banks to controllable loads including battery storage.
The Spectrum Power ANM displays the current load flow directions and calculated load values
as well as voltage range violations and overload situations. This also includes integrated
analysis and archiving functions, allowing automatic result validation and comparison as well
as reports and facilitating meaningful short-term and longterm views.
The Spectrum Power ANM also provides functions for convenient voltage range and capacity
utilization management. This makes it easier to predict voltage violations and equipment
overloads, and substantially reduce them in connection with control algorithms. Additionally
losses can be minimized by distinct voltage, reactive power and active power control and
Spectrum Power ANM is a reliable basis for making these decisions, whether automatically or
in manual mode. Economic and secure operation is the focus of this platform.

Power flow values and power flow directions are reliably monitored. Voltage violations and
equipment overloads are detected quickly and accurately.
• Balancing measures primarily for maintaining grid stability and for protecting equipment
can be initiated at an early point.
• Distribution losses can be effectively reduced.
• An optional automatic mode of the Volt/VAr and Volt/Watt optimization allows transformer
tap changers, capacitor banks, loads including battery storages also to be controlled without
operator intervention.
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Siemens standard Spectrum Power ANM solution which will be used as the SVO control
system, is a preconfigured solution based on Spectrum Power 5 applications forming an
integrated approach for the optimization of distribution grids. Our standard Spectrum Power
ANM comprises the following Spectrum Power 5 applications:

• Distribution Network Applications (DNA)
• Supervisory Control And Data Acquisition (SCADA)
• User Interface and Operator Support (UIOS)
• Information Model Management (IMM)
• Historical Information System (HIS)
• Communication Front-End (CFE)1

As Spectrum Power 5 provides modular system architecture, other standard components can
also be added if required.

1 For the purpose of SVO, this application will optionally be used if direct access/communication is required to the
RTUs. The standard communication option for the SVO is ICCP (see section 2.3.1)

Optional
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2.1 [Distribution Network Applications (DNA)

The Spectrum PowerTM Distribution Network Applications (DNA) form a critical component in
the Smart Grid transformation of distribution networks and it is the principal area for
delivering the required SVO functionality to WPD as;

· It increases the observability of the distribution network and provides the user with a
fast and complete real-time view of the current network status (monitoring).

· It provides optimization of the distribution network control in closed loop operation.
· It implements dynamic optimization of the distribution network.

All applications are designed and developed to take into account the characteristics of
distribution networks (very large radial and weakly meshed structure, balanced,  symmetrical
and asymmetrical). Distribution network models and the amount of data needed for network
analysis  can  be  very  large.  In  addition,  the  quality  of  data  has  significant  impact  in  the
feasibility  of  results.  Hence,  our  user  friendly  data  validation  tool  will  be  used  for  the  SVO
solution to help detect and resolve errors.

DNA subsystem is divided into various applications which can be utilized to match the tasks
and the structure of WPD’s system so as to improve the observability of its network. With this
modular structure the system can be expanded with little effort to meet the diverse abd
growing  needs  of  WPD’s  networks.  In  addition  to  real-time  operation,  DNA  also  supports
operational  planning  (study  mode).  The  DNA  provides  the  following  features  for  the  ANM
solutions which shall revantly be used for the SVO solution:

• Automatic verification of quality and completeness of relevant data.
• Complete and consistent calculation of the current state of the distribution network.
• Detection of erroneous measurements.
• Calculation of optimal resources settings to optimize the state of the network.
• Working in different modes (open loop, closed loop, and study mode).

Optional

Outside SVO scope
SVO scope
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Our  Spectrum  Power’s  DNA  provides  a  comprehensive  suite  of  applications  to  support
increased distribution network reliability and efficiency, some of which will be used for the
SVO project. Within the scope of the SVO, the following DNA applications will be used:

• Distribution System Power Flow (DSPF)
• Distribution System State Estimator (DSSE)
• Short-Term Load Scheduler (STLS)
• Volt/VAr Control (VVC)

Data  Validation  is  provided  to  check  the  input  data  for  completeness,  consistency,  and
quality.
Other standard DNA applications which are outside the scope of the SVO solution are:
• Fault Management
• Fault Location (FLOC)
• Fault Isolation and Service Restoration (FISR)

Spectrum Power DNA

2.1.1 Distribution System Power Flow (DSPF)

DSPF  is  used  to  calculate  the  network  status  under  different  load  conditions  and
configurations including look-ahead.

Main DSPF Features

• Handles symmetrical balanced powerflow in radial, looped, and meshed topology.

• Handles balanced conforming and non-conforming loads and load-to-voltage dependency.

• Includes multi-phase local control of tap changers and shunts.

• Supports PQ and PV generators.

Outside SVO scope
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• Calculates networks with single-phase switching and jumpers added on demand.

• Provides Switch Results even for Complex Substation Busbar Connections.

Power Flow Solution

DSPF calculates voltages (magnitudes and angles) for all nodes (busbars), active/reactive
powers for slack buses, and reactive power/voltage angles for nodes with PV generators.
Other power flow output is calculated from the node voltages and branch impedances/
admittances.  The most important result  values are flows (kW /  kVArs and currents)  through
lines and transformers, and active and reactive power losses.

DSPF calculates the network status to detect potential limit violations. The results are also
used for further analysis (for example, what if scenarios) and further optimization processes.

2.1.2 Distribution System State Estimator (DSSE)

DSSE provides a solution for real-time monitoring, control, and optimization of the network.
Unlike DSPF, it utilizes available current magnitude and measured power values. It
consistently corrects incoming mismatched information during the estimation process,
including topology analysis, load data, and measured values. DSSE statistically estimates the
most probable active and reactive power values of the loads using existing measured values,
switching positions, and initial active and reactive power consumption of the power system
loads.

State Estimation

DSSE performs the following:

• Estimates  loads  matching  measurements  using  weighting  factors  for  measurements  and
loads.

• Detects obviously wrong measurements.

DSSE calculates loads so that their values, initialized from load curves, scheduled loads and/or
measured loads, best fit existing measurements and actual network topology. The adaptation
of loads uses an optimization process which minimizes the deviation between measured and
calculated values. It takes into account measurements, load curves, and rated outputs as
weighted information.

DSSE integrates this optimization process together with a power flow engine to calculate
nodal voltages and branch flows. DSSE results are used to monitor the real-time network
operating state, including transformer loading, voltage profiles and overloads, and as input to
other applications, for example, VVC and related potential operational improvements.

Determination of Load Base Values

Different sources are used for determining load base values, including:

• Load rating values, load curve values, and STLS values.

• Measurements  DSSE  adapts  system loads  in  such  a  way  that  the  calculated  values  fit  the
measured values and load information (on the basis of their respective weighting factor) as
closely as possible.
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Trust Factors

Trust factors mirror results and load flow information.

Load Adaptation

Load Adaptation adapts loads to conforming measurements as accurate as possible. It
minimizes the residuals between measurements and their calculated values taking into
account their respective weighting factors.

2.1.3 Short-Term Load Scheduler (STLS)

STLS maintains scheduled active and reactive power consumption of power system loads for
a short time range (one week - configurable granularity). STLS also maintains the active and
reactive  power  consumption  of  the  power  system  loads  for  each  load  in  the  distribution
network in the appropriate database. The scheduled active and reactive power consumption
of the power system loads is maintained using the existing values, and continuously adjusted
to the latest DSSE results.

Load Schedule Management

STLS maintains a database of load schedules over a one-week time range (up to seven days).
Load  values  are  maintained  for  predefined  day  types  and  hourly  resolution.  An  STLS  load
schedule is updated with the results of DSSE. Scheduled load values are used in DNA
applications which require load data.

STLS maintains load values for each load in the distribution network in appropriate storage.
STLS updates load models using real-time DSSE results. This update is done using a recursion
algorithm which  smoothes  out  random or  unusual  load  changes  to  produce  more  accurate
load pattern.

Upon request, STLS returns active and reactive load values of specific loads for a given time.

Note: Generation is considered as negative load.

1.

2.

Load
Scheduler

State
Estimator

Load
Profile

Measured
P, Q

IMM Estimated
Network State

Load / Generation
Forecast data (COP)

OPTION
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STLS  as  described  above  is  part  of  the  main  offer.  Optional  scope  is  the  usage  of  available
Forecast  data  (see  OPTION  blue  in  the  picture  above).  In  this  case  DNA  would  use  Load/
Generation Forecast data where available.

Project experiences shows that Load models calculated with standard STLS algorithm, already
provides good results. Additional usage of accurate Forecast data as optionally offered might
improve result especially in case the network is heavily penetrated by wind generation.

Hence, where accurate forecast data is not available, the standard STLS algorithm will be
applied which considers the initial load/ generation profile from WPD with the SE running
estimations and interative tuning to improve result.

2.1.4 Volt/VAr Control (VVC)

Volt/VAr  Control  (VVC)  determines  control  actions  of  transformers  with  an  on-load  tap
changer, phase-to phase voltage controllers and/or shunt capacitor banks to improve network
operations. The optional Volt- Watt module allows including the determination of control
actions for active power control of battery storage systems and/or flexible loads (as interface
to Demand Response Management Systems). These control actions are the result of a
network optimization performed by the VVC application to achieve, for example, loss
minimization.

The basic goals of VVC are to improve reliability and quality as well as energy conservation.

VVC Optimization

The optimization performed by VVC consists of minimizing an objective function that is user-
selectable among the following subobjective functions:

• Minimize limit violations

• Minimize power losses and limit violations

• Minimize active power consumption (power demand) and limit violations

• Minimize reactive power consumption and limit violations

• Maximize power revenue and minimize limit violations

The  optimization  is  subject  to  network  constraints,  for  example,  power  flow equations  and
operational voltage limits. Establishing these constraints in the system ensures that optimal
benefits are reached.

VVC provides a centralized coordinated control of the network regulating controllers. It
provides distribution network optimization (including subtransmission) by using control
devices. Control devices used to control voltage and reactive power flow in the target
distribution system can be divided into different types:

• Transformer with on-load tap changer

• Phase-to-phase voltage controllers

• Shunt capacitor bank

• Battery storage systems
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The additional Volt/ Watt module adds the capability to control voltage and active power flow
in the target distribution system by two different types of control devices:

• Battery Storage System

• Flexible Load

VVC application provides the following two operating modes:

• Open Loop

The optimal setting/switching orders calculated from VVC are not automatically executed, but
available for review in the user interface.

• Closed Loop

The optimal setting/switching orders calculated from VVC are immediately executed after
VVC calculation.

While providing a complete view of the network state the main benefit of the DSSE is the
provision of initial voltages for the VVC component.The outputs of the DSSE applications provide
Spectrum Power VVC (also within the DNA) with the information it needs to be able to optimize
the selected feeders of the trial network, using the adjustments under its control: the 32 AVCs
(or whatever quantity as may later deemed fit). T

2.1.5 Data Validation

In  all  types  of  distribution  networks,  the  volume  of  the  data  needed  in  Distribution
Management System is large. As a consequence, the data validation process is an important
and challenging task. The Data Validation tool verifies in an automated way the quality and
the completeness of the data necessary to execute all DNA functions. The validation can be
performed on network elements (lines, switches, and so on), network parameters
(impedances, reactances, and so on) and SCADA parameters (connectivity). The appropriate
equipment for this tool can be selected on the user interface.

2.1.6 Supervisory Control and Data Acquisition (SCADA)

Spectrum Power 5 is a state of the art and market-proven network control system, based on
the established international IT standards, with uniform and windows-oriented handling of all
operational workflows. Spectrum Power 5 provides:

• Source  Value  Selection  (SVS)  -  To  monitor  incoming  values  and  to  detect  data  changes,
including the possibility to select values from multiple sources.
• SCADA calculations - For example, Visual Basic Scripts, predefined, and common
calculations.
• Quality code processing - To indicate the status and the reliability of a value.
• Marking and tagging - To execute special processing on field devices.
• Manual updating - To override and update system measurements manually.
• Limit value monitoring - To apply and configure limits to analog values and accumulator
values.
• Topology processing - To execute network status processing and network coloring.



WPD Equilibrium
Spectrum Power™

© Siemens AG EM SG
All rights reserved. June-2015 Page 16 of 20

• Supervisory  control  -  To  submit  control  requests  for  any  device,  with  different  types  of
interlocking checks, which are taken into account before control requests are sent.
• Event and alarm monitoring - To handle incoming alarms.
• Switching Procedure Management (SPM) - To define and execute switching sequences.
• Temporary network elements -  To handle jumpers,  cuts,  and grounds that are inserted by
field crews as a temporary problem solution.
• External data interfaces using Inter-Control Center Communications Protocol (ICCP), OLE for
Process Control (OPC), ELCOM, or Communication Front End (CFE) components for
communication.

Figure 7: Spectrum Power 5 SCADA Components and its Main Interfaces

2.1.7 Context Management

Spectrum Power 5 provides easy and clear context management. You can switch from a real-
time context to a study context. For example, to test a switching procedure. Furthermore, a
test mode is available to perform telemetry test for selected data points.

2.1.7.1 Real-time Context

The  real-time  context  is  used  to  monitor,  control,  and  manage  the  network  through  the
connected process interfaces. It is the most accurate and up-to-date image of the real world.

2.1.7.2 Study Context

Typically,  the  study  context  is  used  to  support  the  operators  during  different  analysis  and
operational activities. The study context is decoupled from the real-time process. In study
context, no commands are issued to the field but rather their effects are simulated. To issue
commands to the real-time process, you can switch back to the real-time context at any time
by clicking the mouse. The System provides the possibility to run different Save cases
simultaneously.

There are three possibilities to initialize the study context:

· Snapshot from real time
The current real-time situation is taken as basis for the study.

· Save case
A previously stored save case is used as starting point for the study.
The System will store up to 50 Save cases.
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· Normal states
Reset of all study values to defined normal states of the equipment

· Historical values
Load all values of a certain time in the past into the study.

2.1.7.3 Test Mode

The test mode is a working environment where parts of the network are controlled through
the connected process interfaces and the remaining under real-time context control. The test
mode can be used for point-to-point tests of an RTU without affecting the remaining real-
time operators.

2.2 User Interface and Operator Support (UIOS)

Spectrum Power 5 will provide a clear network representation for WPD within its control
room which will present it with real time visibility of the network status.

The  Spectrum  Power  5  User  Interface  provides  clear  and  easy  handling.  It  allows  fast  and
reliable work in network operation with:

· Access rights to ensure system security
· Power 5 Application Toolbar (PAT)

– Central navigation and alarming unit
– All applications at a glance

· Familiar user interface elements and navigation for intuitive and fast operation
· Siemens Energy Automation Style Guide compliance to assure a consistent behavior

of all
· Spectrum Power 5 user interface components
· Integrated plausibility checks for secure handling
· A choice of graphical displays for easy visualization and analysis of data. For example,

worldmap and summary.
· The generic Runtime Explorer allows all SCADA network operations and monitoring

without the necessity of having a graphical display available
· Context management

– Clearly distinguishable environments (real-time context, study context, or test
mode)

· Workflow-oriented operation
· Remote and web-based operation and viewing
· Consistent and intuitive handling of temporary network elements
· Easy display of application results in single-line diagrams

The VVC optimization will send setpoint controls through ICCP to the NMS system . Logging
of VVC actions will be provided to the NMS system through ICCP as well.
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2.3 Communication Options

Spectrum Power 5 receives process information from external systems or has to transmit own
information to external systems. Depending of the type of information exchange different
solutions are provided:
· CFE for telecontrol communications with remote terminal units (RTU’s)
· ICCP for information exchange with other or foreign operation control centers
· OPC for information exchange, mainly with automation equipment

2.3.1 ICCP

Communication Overview

ICCP is  part  of  the Spectrum Power 5 (SP5) Communication Domain used for real-time data
exchange between control centers. Some of the different types of control centers that the
Spectrum Power 5 ICCP protocol can communicate with are shown in the following figure  8.

Figure 8: ICCP data exchange between control centers and power systems

ICCP  is  designed  to  support  power  system  data  exchange  via  a  network  (WAN,  LAN,  ISDN
etc.) between a local utility control center and other utilities, power pools, regional control
centers and non-utility generators. The ICCP standards are "companion standards" of the
Manufacturing Message Specification (MMS). ICCP is a user of MMS services.

2.3.1.1 ICCP Security Features

Secure communications are required to support confidentiality, integrity and availability. ICCP
provides

the following security standards and features:

· Secure communication using the ICCP PKI security standard (SSL protocol).

· Digital Certificates are used for authentication and data encryption cipher selection.

· Works with or without an external Certificate Authority.

· Makes use of the X.509 standard.
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· Supports secure and non-secure connections simultaneously.

· Security status shown on the status display.

The secure mode can be configured on a link by link basis. This is a Public Key Infrastructure
(PKI) approach to secure each connection using the Secure Sockets Layer (SSL) technology.
When a secure link is designated, both sides must work securely for the connection to work.

2.4 Data Model – Information Model Management (IMM)

Spectrum Power Information Model Management (IMM) gives you the ability to enter and
maintain all power system related engineering data for use within Spectrum Power control
center systems within a CIM-based central repository. Engineering data consists of domain
data  like  equipment,  measurements  and  topology,  as  well  as  single  line  displays  and
configuration data of the Spectrum Power control center system like hardware and software
deployment  and  application  configuration.  A  set  of  editors  allow  data  access  and  data
definition optimized for the different engineering workflows a data engineer needs to
perform. Complete, partial, and incremental import and export of engineering data is
provided  through  CIM-RDF  and  XDF  formats  based  on  the  W3C  standard  XML.  IMM  also
controls the activation of data changes to the Spectrum Power control center runtime
databases. The Information Model Management is based on an object-oriented data model
using a Relational Database Management System (RDBMS).

The IMM features:

2.4.1 Common Information Model (CIM)

· The  Data  Model  is  based  on  IEC  61970 (EMS Application  Program Interface)  and  its
extensions according to IEC 61968 (System Interfaces for Distribution) and IEC 62325
(Energy Market Communication)

· Allows easy enterprise integration and data exchange between control centers and
applications of different suppliers.

· Is the base for vertical and horizontal integration.
· Allows easier, faster, and lower-risk upgrade or even migration of existing data.
· CIM data remains stable, and data model expansions for example, additional types or

attributes, are easy to implement.
· NIST (National  Institute of  Standards and Technology) recently identified CIM as key

standard for Smart Grid interoperability.

2.4.2  Job Management

· A job is an organized set of data changes. The user is in control of which changes are
collected into a job. Multiple jobs are allowed at any time.

· Allows  multiple  and  concurrent  users  to  make  data  modifications  at  the  same  time
without any impact on the operational database within a secure environment.

· Provides life-cycle management for data modifications.
· Automatic change detection allows tracing of all changes done by users at any time.
· Job activation provides the ability to transfer the incremental data changes online to

the  operational  system  without  interrupt  of  process  control,  including  the  ability  to
undo changes.

· Choice between interlock-based job model or time-based job model to support
different business logics regarding data maintenance.
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2.4.3 System and Data Integrity

· Multilevel security service
· User authorization, User access rights, Instance level access rights.
· Audit records of every change made to graphical or domain data.
· Powerful validation means to secure the integrity of the model.
· IT security checks as part of the system test (Red Team Vulnerability Assessment).
· Secure installation procedure according to Siemens CERT guidelines.
· Patch management for Microsoft operating system and 3rd party products.

2.4.4 IMM Archive

· Data version management and automatic data model archiving facilities.
· A history of  model  changes enables retrieval  of  the data model  at  any point in past

times.

2.4.5 User Interface

· One common user interface for data entries covering all aspects of data engineering.
· Domain data topology can be derived from the graphic model (single line diagrams).
· Can be viewed and accessed using Microsoft Internet Explorer.
· Multi-screen and multi-window data entry sessions (MS Windows look and feel).
· Report generator function included.
· Online help.
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MINUTES OF MEETING 

Date:  27/01/2016 

Time:   09:00 – 14:30 

Venue:  IET Austin Court Birmingham 

Meeting Title: Network Equilibrium System Voltage Optimisation Workshop 

Purpose: Share knowledge and detailed specifications of System Voltage 
Optimisation.  

Attendees: 
WPD Jonathan Berry JB 
WPD Mark Dale MD 
WPD Yiango Mavrocostanti YM 
WPD Karen McCalman KM 
Scottish Power Energy 
Networks 

Kevin Smith KS 

Northern Power Grid  Alan Creighton AC 
SSE Simon Killoran-Codling SKC 
PB Paul Edwards PE 

1 Minutes 

MD:  Introductions  
YM: SVO overview 
JB: Detailed design of spectrum 5 and SVO application 

AC: How would SVO account for OC6 voltage reduction?  The tap position would need to have 
enough room to still administer OC6 if needed. How does SVO take into consideration outage 
conditions? 

KS: Regarding OC6 potentially it would mean the trial could do one or the other. How would this 
work operationally?  Can WPD discuss this position with National Grid that if you are running SVO 
then OC6 would not apply?      
If SVO was deployed as business as usual (BAU) solution then what would the consequences be for 
National Grid in OC6 occurrence? This would need clarification and agreement before it could 
become BAU application. If intelligent voltage control was being used would that negate the need 
for OC6? 
WPD Response:  The project outcomes will need to address this issue once it is understood how 
SVO will affect the steady state network. In the case of an OC6 request then SVO would probably 
need to be disabled.  There have been no recent occurrences of OC6 requesting 6% drop, only 3% 
has been requested. The discussion needs to be had around the SVO already providing the optimal 
voltage and what this means in terms of OC6.  

KS: Would the system use ‘add ons’ to help with voltage drop on long feeders etc.? 
WPD Response: The point of the project is just to use SVO independently and see what benefits it 
produces. 

Page 1 of 4 



MINUTES OF MEETING 

AC: Envisages SVO to be part of a planners ‘tool box’ rather than standard BAU solution. If the 
problem is wide spread across an area then SVO deployed to solve the problem, however if small 
localised issue then smaller bespoke solutions can be used.  
How does SVO work with line drop compensation?  Would this be used instead and be more 
accurate?  
WPD Response: The Advanced Planning Tool will be in the planners’ tool box, SVO will be a plug in 
within this modelling tool.  It is not thought that LDC would be used in conjunction with SVO 

Detailed design 

KS: Tap positions -ABB have ability to measure tap positon as does the Siemens Microtapp via a fibre 
optic port. 

AC: Fundamentals Supertapp N+ & MR TapCon have intelligent tap change and monitors positions 
which will validate the SVO, either less tap changes or more.  
Response: WPD will review the scope of the project re tap positions. New Relay selection process is 
underway and this will be included in the investigations 

AC: Investigate PIE data to see what network is doing, it is possible to add at tag to collect the 
frequency of operation and tap position. Actual data would be needed not half hourly averages, so 
there be some amendments needed to collect the data.  
SVO has the Potential to optimise for losses in the future although perhaps not highest priority at 
this point.   
When the signal is sent from Spectrum Power 5 do you want that to initiate tap change or where 
possible just change target voltage?  How would this work practically, particularly on AVC with a 
range of settings rather than exact voltage data. 
Why have local control and not send centrally? 
Response: The signal is to send optimal target voltage set point, not individual tap positions. We 
would not want centralised system as it would be reliant on communications and is a risk if they are 
unavailable.  

KS: Voltage optimisation – Is the project going to install all new AVC’S? Can any of the existing ones 
be used?  
Response: Network Equilibrium plans to make use of existing relays wherever possible and install 
new ones where the existing relays are too old and have no setting control at all e.g. MVGO1. 
Currently we are investigating SuperTapp SG, MR Tapp Con and A-Eberle REG-D.   

KS: What is minimum requirement for measurement points?  How do you choose the right points to 
monitor the effect on LV customers?  
It isn’t safe to assume the end substation is the worst; a suggestion would be to evaluate the feeders 
and look volts mid-point as well as the end to check where the weakest point is. 
Response: Monitoring is a key issue and requires some thought. The idea would be to maybe heavily 
monitor one circuit and then trial how much or little data is required to optimise the system.  

AC: After the smart meter roll out some of this information can be determined from the data 
collected.  
Some customers could show outside of limits but it is not having any noticeable effect.    

KS: SPN have trialled alterative voltage setting point on 11kV – moved to 10.8kV with the option of a 
control engineer pressing a button and moving back to 11kV when needed.  
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A two pronged approach was taken dependant on the amount of generation: 
Adjust the settings and monitor min and max then adjust the transformer setting.  
It has the potential to change in line with demand, max demand 11kV middle of the day 9am- 5pm 
10.8kV and then 5pm onwards back to 11kV. 
For The SVO method would it be worth putting additional monitoring past the 11kV bars?  
Response: This will be considered and investigated  

AC: Within NPG control engineers are not able to change tap positions. 

KS: The tap position is also dependant on the range i.e. 10 taps in either direction or 15 taps 
upwards and only 5 taps down, this could lead to running out of taps as one end. 

KS: Monitoring of pole mounted closers – NOJA’s communicates with IHost and has a VT inside. This 
could be used as part of SVO monitoring. Also GE Line sensor.  
Response: Fitting a recloser in order to capture voltage data seems a little expensive. Alternate 
solutions are being looked at. 

AC: Additional monitoring will need robust justification after smart metering is live and rolled out as 
this should provide a wealth of information.  

Policies & Operation  

AC: Currently tap changers are maintained on an operational basis not timed. 

KS: SP use timed maintenance but does have operational readings to confirm the transformer is 
generally working ok.  
Response: ENW, UKPN will be asked how they maintain theirs. 

KS: Older transformers may actually perform better if increased taps as stronger units/ contacts etc. 
than new ones. It may be worth monitoring performance of both types of transformers and 
comparing results at the end of the trial. 
Response: It is hoped that we will not see a significant increase in Tap changer activity. 

KS: Is there a risk of SVO giving corrupted data and wrong values, can the SVO or the AVC be given 
set boundaries as a backstop to stop this. IE Max and Min values that are acceptable. Can this be set 
within the new relays being investigated or existing ones? 
Response: Failsafe’s and communication issues are a key consideration. 

AC: There is a risk of setting lower volts for the connection of DG generators but the knock on effect 
means that volts could drop low enough for LV customers to have complaints.  It would uncover any 
issues with the modelling.  
Will the SVO operation be ‘active’ or have programmed settings?  
If active and PV farms have intermittent cloud cover it could tap up and down in excess?  Will the 
SVO wait for ‘X ‘amount of time and access the situation before moving? 
Possible different ways to model the SVO:  
Lowest Voltage the more DG that can be connected, also less volts =less power so cheaper 
customer bills 
Highest Voltage = Less losses 
Optimal = highest voltage that reduces losses but still facilitates more DG connections.  

How is the system balanced when SVO is not working? 
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If DG are connected based on SVO what happens if it is not operational? Customer turned off? Does 
this mean they would need Alternative Connection Agreement? Also Different Generators would 
need different attributable settings? 
Response: There will have to be a ‘Return to safe position’ for when SVO is unavailable. This would 
require constraining the generators that have used the created capacity. 

AC: Ideally would have a relay that had an export limiting device as part of its settings (Idea for a 
new project?) 

2 Actions  

Action SVO Actionee Due Date 

3 Agreements 

Agreement SVO Requested by 

Distribution: Attendees 
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1 Risk Register 

Table 7-1 below details the high level project risks associated with implementation of SVO 
across the BSPs and Primary substations. 

Table 7-1: High level risk register for SVO 

Ref Risk Effect Action 

R1 Working in live substations Potential harm / injury to 
personnel 

All works to be carried out in 
accordance with CDM 

regulations and Distribution 
Safety Rules 

R2 Selected substation is no 
longer available 

SVO cannot be implemented at 8 
BSPs and 8 Primary substations 

Have ‘reserve’ substations that 
can be swapped with others if 

they become unavailable (due to 
a fault for example) 

R3 AVC relays don’t receive 
group or fine control settings 

AVC relay has a setting that is not 
suitable for network operation 

Ensure AVC relay has a fail-safe 
function that can revert to 

original settings in the event that 
communication is lost 

R4 Voltage set points cannot be 
accurately determined 

Spectrum Power 5 does not have 
a high confidence factor 

For the first installation deploy as 
many voltage monitors as 
possible to achieve high 

confidence factor. Refine number 
and position of monitors for 

remaining substations 

R5 Customer is sensitive to 
voltage variation 

Customer is unable to operate as 
normal and submits complaints 

to WPD 

Identify sensitive customers so 
that any constraints can be 

addressed before 
implementation of SVO. 

R6 SVO relays aren’t approved Unable to have fine control for 
relays 

Obtain approval for one or more 
SVO relays 

R7 Substation equipment is not 
suitable for SVO 
implementation 

SVO cannot be implemented at 8 
BSPs and 8 Primary substations 

Detailed installation reports 
carried out for all considered 

BSPs and Primaries 
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