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The objectives of WPD’s innovation programme are to:

Develop new smart techniques that will accommodate increased load,
storage and generation (Distributed Energy Resources — DER) at lower costs
than conventional reinforcement;

Facilitate energy and capacity markets; including local flexibility services

Improve performance against one or more of our core goals of safety,
customer service, reliability, the environment or cost effectiveness;

Ensure solutions are compatible with the existing network;
Deliver solutions so that they become business as usual; and

Provide long term, whole system outcomes and value for money for
consumers.
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Assets Customers Operations

Telemetry
Decision support
Improved assets
New assets
Flexibility
Automation
Incident response

New connections
Upgrades
Information

Self Serve
Products/Service
Tariffs
Communities

Reliability
Forecasting

DSO

DSR

GBSO Interface
Efficiency

SHE and Security

Network and Customer Data

«  Airborne Inspections *  Hybrid Heat Pump Demonstration ° DS?/SO Shared Services
*  AIRSTART1 *  Hydrogen Heat & Fleet . Prolect SYNC
*  Telecoms Analysis *  Carbon Tracing e Proiect ENTIRE
*  Superconducting Cable «  HV Voltage Control e Smart Meter data for Network
*  SF6 Alternatives *  Solar Storage Operations
«  MVDC Test Lab « LV Connect and Manage o Distribution Operability Framework
*  Smart Energy Laboratory «  Sunshine Tariff o Times Series Da!ta Qualitv'
»  Statistical Ratings «  CarConnect o Voltage Re(':iu'ctlon Analysis
» Primary Network Power Quality *  Industrial & Commercial Storage o LV Connectivity
Analysis e Smart Systems and Heat2

Note: 1 - Funded by Aerospace Technology Institution; Note 2 — Funded by the Energy Systems Catapult
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Assets

Customers

Network operations

Investment in technology to
ensure networks operate at high
performance levels

Roll out of Active Network
Management across entire
network by 2021, with expanded
connections options available for
customers allowing them to get
quicker and cheaper access to
the network.

Telecommunications readiness
and strategic investment in fibre
networks will deliver more
visibility and controllability

Propositions for DSR services will
be developed for specific
customer group, prioritised in
regions and customer segments
as the need arises

Creation of a localised visibility
platform that will demonstrate
where there is congestion or
capacity on the network,
informing localised tariffs and
supporting the development of
a Local Energy Market

Alternative connection products
will be extended to all WPD areas
and extended to include demand
and storage connections

Invest in technology to give us
unprecedented visibility and
monitoring of the network

Use complex data analytic tools
to forecast requirements and
ensure the network is proactively
managed

Upgrade business areas to
facilitate flexibility services such
as demand side response

Continue work to develop and
update regional energy scenarios
that will establish future network
needs and inform strategic
investment in the network
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09.30-10.00 Arrival and Refreshments
10.00 - 10.15 Welcome and Introduction
10.15- 10.45 Project Overview and Original Aims
10.45 - 11.15 Enhanced Fault Level Assessment

11.15- 11.30

Refreshments

11.30- 12.15

Fault Level Monitors — Design and Implementation

12.15- 13.15

Lunch

13.15- 14.00

Fault Current Limiters — Design and Implementation

14.00 - 14.30

Customer Benefits — Connections and Security

14.30- 14.45

Refreshments

14.45-15.15

Alternative Connections

15.15- 15.30

Next Steps and Close
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Technical Definition

A short circuit (fault level) is an electrical circuit that allows a current to travel along an
unintended path with no or very low electrical impedance.

v L\ |

Examples of unintentional conducting paths in a 3-phase system (faults)



WESTERN POWIIZ
DISTRIBUTION

FLEXDGRID

What is Fault Level?

What actually causes faults on the system?
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What is Fault Level?

What effects it and how does it change?

% »ii»%»i» i

Transmittedaround  GSP Large Primary Distribution Electricity The Customer
the country at 275,000 Sub-Station Sub-Station Sub-Station Meter (7,700,000 customers)
GENERATION 400000 vots 132,000 volts 33,000 volts 11,000 volts 230 volts

SUPPLY

WESTERN POWER DISTRIBUTION
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What is Fault Level?

What dominates the distribution fault level?
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What is Fault Level?

What dominates the distribution fault level?

N. TESLA.
ALTERNATING MOTOR.

No. 555,190. Patented T'eb. 26, 1889,
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How is it generated and changed?
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What is Fault Level?

How is it generated and changed?
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What is Fault Level?
How is it generated and changed?
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What is Fault Level?

Other changes to Fault Level

P5
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What is Fault Level?

Other changes to Fault Level
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How is it going to (likely to) change?
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Average Combined Heat and Power Fault Level Infeed — 4.5MVA/MVA

Average Inverter Fed Generator Infeed — 1.2MVA

Even if the Power Station was equivalent to a CHP unit a 2000MW station would have an
infeed value of 9000MVA

If all that power was generated by inverter fed distributed generation the fault level
infeed would be reduced by 6600MVA to 2400MVA
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How is it going to (likely to) change?

National Grid’s projection of fault level reduction from 2015 to 2025

0%

Reduction in SCL (%) 2025 vs 2015

-80%
38 23 Bo 5@ g8 g5 2
. : S

B Gone Green B No Progression

B Slow Progression B Consumer Power
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What does this mean?

Short Term

Centralised Generation and Distributed Generation
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What does this mean?

Medium Term

Reduced Centralised Generation and Increased Distributed Generation
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What does this mean?

Long Term

Minimal Centralised Generation and Dominated Distribution Generation
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What does this ACTUALLY mean?
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Low Voltage Medium Voltage Transmission
Distribution Network Distribution Network Network
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What are we doing?
Understanding, Managing and Reducing the
Fault Level on an electricity network

Why are we doing it?
Facilitating the early and cost effective
integration of Low Carbon generation

Why are we doing it now?

Supporting the Carbon Plan — Connection of
generation to the grid and development of
heat networks — reducing carbon emissions
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What is FlexDGrid?

Three integrated Methods leading to quicker and cost effective customer connections
through a timely step change in the enhanced understanding, management and

mitigation of distribution network Fault Level.

Enhanced e Enhanced network models
Assessment ¢ Detailed understanding of network Fault Level

e Monitoring Fault Level (Steady-state)
\(ENEEE e o Measuring Fault Level (Faulted-state)
e Verify/Update network models

¢ Reduction of system Fault Level
e Utilised from output of Management

Mitigation

Each Method can be applied on its own whilst the integration of the three Methods
combined will provide a system level solution to facilitate the connection of additional

Generation.
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FlexDGrid Effect on Fault Level

Fault Level Heat Maps




WESTERN POWII’
DISTRIBUTION

FLEXDGRID Vzzizzzzzyzzzzzzzzzizzizzzzddzzziddzz:;yyddzz:cdz:izzziuiazz.icczz:iczz2zvizzizzzizizzzzizzzzzzizzzzizzzzi2zzzzz

Thank you for
listening

Any questions?
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Three integrated Methods leading to quicker and cost effective HV customer connections
through a timely step change in the enhanced understanding, management and
mitigation of distribution network fault level

e Enhanced network models
¢ Detailed understanding of network Fault Level

e Monitoring Fault Level (Steady-state)
e Measuring Fault Level (Faulted-state)
 Verify/Update network models

e Reduction of system Fault Level
e Utilised from output of Management
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 Methodology to develop the
computer model of 11kV networks

* Fault level assessment sensitivity
analysis and review internal policy
documents;

* Tools and methodologies for an
enhanced fault level calculations

* Tools and computer models for
assessing the impact of FCLs on
network fault levels
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Computer models

Transmission networks
400, 275 kV

Distribution networks (EHV)
132 kV, 66 kV

Distribution networks (HV)
33 kV, 11kV, 6.6 kV

Distribution networks (LV)
0.4 kv

Computer model

Available and
updated regularly

Available and
updated regularly

Not always
available or
updated regularly

Almost not
available
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Developing computer models - Methodology

Select the power Identify Develop
system analysis appropriate/updated conversation

Integration into

: existing EHV model
software databases algorithm and tools 5

)

* A tool and methodolo . f
*EHV (132, 66kV) gy | *Integrated model from

, *Network connectivity's | can be used for other grid supplied points to
model was available .
* Conductor types parts of network secondary substations
ER G74 scri *Demand
script was *Generation *Easy to use and *Interconnection

already developed accessible to everyone | patween primary

substations through 11
kV network
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Developing Computer Models - Methodology
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Naming
convention

PowerOn
Fusion

EMU->PSS/E
conversion Script

/ PSS/E model

Network
topology

Branches Loads

Load Estimation
Process

Data Logger

Generators

WPD data source

Process

Existing
WPD PSS/E
Model

Cable parameters
lookup table

WPD
Records

Assumptions/Non-WPD data
sources

PSS/E model

O0RO
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Developing Computer Models — Conversion Tool

ﬂ i Topology_EMU_to_PSSE (final) (2)xism [Read-Only] - Microsoft Excel - 2 X
| Home | Inset  Pagelayout  Formulas  Data  Review  View  Developer  PDF-XChange 2012 ©@-°x
,,,,, - At .
E R P T L e I L T [t
Plst l - Center ~ Conditional Format  Cell lns t Dele( Format 2 Sort & Find &
® jFonutPuan. Rl “ ’OD A I ""“m" QM«“& ‘q e ”ﬂﬂ Formatting = as Table ~ Slym" 'e : > 2 Clear ~ Filter ~ Select~
Clipboard ol Font ful Alignment 6l | Number o Styles | Celis Editing |
M20 v(~ £
el s [ [ J e J e et L L Tk T BN o Jel o J g [ s J T T u J v J w [ x 1
1 | |
2
i Browse | UG Cable file: [ H:\VBA\Hall Green\670028_UgCable xlsx ITouplooddmﬁuan Choose files using the "Browse™
4 buttons on the left. Once files have been chosen, click "Step 1: Load
S Browse | Transformers file: | H:\VBA\Hall Green\670028_Transformer.xlsx Data" to copy data from selected sources.
6
iz Browse | Internal file: | H:\VBA\Hall Green\670028 Internal xisx
8
(19} Browse | OH Line file: I H:\VBA\Hall Green\670028_Ohline. xlsx ﬂeps:mm-l’mgm
10 Stage 1 of 3 o|ouration: Up to 1-2 hours*
11 Browse | Breaker file: I H:\VBA\Hall Green\670028_Bre aker.xlsx Stage 2 of 3 0| Duration: Up to 10 minutes 4l
12 Stage 3 of 3 0| ouration: Up to 5 minutes
13 |Start numbering buses at: 27000 | [V Auto-match unknown sized cable *Dependent on amount of data
14
15| ouTPUT |
16| Comment line 1: |Expontrblfromsunp|edm
17 | Comment line 2:
18
19
? Step 1: Load Data Step 2: Enter Buses Step 3: Convert Data Step 4: Export data
2|
23 Tool description: Guidelines:

24 This tool produces a raw file compatible with PSS/E, constructed from data obtained from EMU. This data  [1) Input files must be sourced, either manually or via the browse button, before data can be loaded.

25 |describes the underground cables, overhead lines, internal connections, transformers and breakers for 11 kV|2) Step 2 can be performed immediately after step 1.

26 networks. 3) The "start numbering buses ot " value should be entered at this stage in the indicated cell in row 13.

27 The steps involved in this conversion of data are: 4) The bus numbers for each entry with a feeder number should be entered manually on the "buses " sheet.

_28 1) Relevant data are extracted from the relevant sheets imported into this tool 5) The tool has the to automatically change material codes with unknown sizes. To turn this feature
Marn Tﬂa;QA;l@] UL~ UG Cable -~ Transformers - Internal .~ OH Line - Breaker - Cable Type . buses . Pivot_Tables weiifniiiims  PSSE
Ready | 23| 583 [O.e0% ).
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Developing Computer Models — Integration into EHV
Model

6872 6592
HALG12 HALGT1

0.9867 0.9833

N@:}D 30.00

1.0000 1.0000
6732 6736
HALG5T2 HALGST1

[

J. HALL GREEN 11 kV NETWORK . "~

z
6724 @ 16596 6600
HALGSE2A HallG528 HALGS1A
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Developing Computer Models - Outcomes

e 15 primary substations
e 3,041 secondary substations
* and 1,878 km HV circuits

Reduced time of y
modelling and human |
error

Enhanced EHV fault
contribution calculation

Enhanced HV networks
model granularity
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e Power systems analysis software are not
available to everyone

e Access to network data may not be
consistent

e Time and effort required to gather data
can cause delay in connection offer
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. 7 Fault level estimation - Generation Connection
// Primary Substation Name Cheszter Street Base Units
Connection point ! Site Number VEMTRIOR AWE. T2 Base power [MY¥A] 100
/ Yoltage [k¥] i Base voltage [k¥] 1
/ E . I Base current [kA] 5.25
{’ quivalent Make [kA] Break [KA] || Base impedance [Dhm] 121
, - @ Chester Street 28 1.4
network Switchgear ratings @ VENTHOR AYE, 334 1 Generalion connection @ YENTNOR AVE.
m peda nce Yy Make [kA] Break [KA] -
_ : @ Chester Street 214 78
o Fault levels before connection @ VENTROR AYE. 2043 044
V. —
y . Rohm] X [ohm]
. Equivalent impedance From YENTNOR AYE. to CHESTER STREET primar 0.209 0112 Chester Street Primary Substation
,i‘ Fa u It IeVEIS at Make Fault level [kA]- 22.55
u pstrea m Break fault level [kA]= 851
H Generator Generator rating [MYA] a0
p rma ry Transient reactance [p.u] nzz
substations Sub-transient reactance [p.u] 0.13
pe Transient reactance [ohm] 24
o Sub-transient reactance [ochm] 7
2 l \ Make [kA] Break [EA]
b Generation Fault current contribution g SEEJS'IEEJIDSI::\E'E. ”? 00;113
¥ENTNOR AYE. 3 M¥A
Fault levels at Make [LA] _Break [kA] ()
Fault level after connection (0l et s o
seconda ry @ VENTHOR AYE. 2157 1126
. /
/
Su bStatlonS / Issued by Mame Email the results [*.pdf)

Date 02 March 2014




WESTERN POWII!
DISTRIBUTION

FLEXDGRID Vzzizzzzzyzzzzzzzzzizzizzzzddzzziddzz:;yyddzz:cdz:izzziuiazz.icczz:iczz2zvizzizzzizizzzzizzzzzzizzzzizzzzi2zzzzz

Fault Level Calculation Sensitivity Analysis

Al5 Al4 Al3 Al2 All

Primary

>
=

Circuit tap A7 A6 A5 A4 A3 A2
length position I I I

Feeder B

— 132 kV
M1 — 11 KV
0.415 kv

I Demand

—| Feeder A

General
Generator load
PF fault
infeed

=
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Fault Level Calculation Sensitivity Analysis

9%
8% -
7%
6%
5%
o 4%
£ 3%
2%
1%
0%

ph fault current

ion

Variat

Generation PF  Primary tap Demand Generalload Cablelength
position (MVA per MVA)

"~ Making fault current M Breaking fault current
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Fault Level Sensitivity Analysis — Generation PF

T.000 -
,E-, 6500 pr— —?—-—_?_—_-.?_____.
: —— T
: —tT
—= G000
g
2 y
£ 5500
3
)
=
v
5 L000
[
-
=
£ 4500

4000

054 0,85 0.56 0a7 038 0,98 100 1m 1.02 103 Lod

Voltage at connectlon polnt [p.u]

=#=PF=0.9 Llead -m-PF=0/95lead -4-PF=0.975lead ==PF=1 —+PF=0975lag -»-PF=0495lag —PFF=0.9 lag
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Consistency in time
of fault calculation

Typical fault

=
WESTERN POWER=A= i i
N R ON contribution
Serving the Midlands, South West and Wales fro m va ri o u s
generator type
Company Directive
STANDARD TECHNIQUE: SD7F/2 Better
Determination of Short Circuit Duty for Switchgear on the defi n itio n Of
WPD Distribution System the fa u It
com ponents
Standardised

tools within
business
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/’ﬁ
Enhanced

fault level

/ assessments \

* Atest bed for model validation through fault level monitoring

* Models and tools for FCL impact desktop studies

| / |

Fault level Fault level

management mitigation
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e PSCFCL, RSFCL are now live assets and need to be considered in
fault level assessment

* Detailed parameters of the device were not provided by the
manufacturers due to confidentiality issues;

* Transient models could not be constructed using conventional
power system analysis tools; and

* Detailed technical knowledge for transient modelling and
analysis of the device was required.
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FCL Modelling - Transient Behaviour

Current

MNormal Operation

S e — —— — — — —

Fault condition

—Without FCL —With RSFCL ——With PSCFCL

Time

S 0
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A fit-for-purpose computer model for FCLs may only include their
behaviour at specific snapshots of the fault period e.g. Making and
Breaking fault times

Stage | — Obtain device specific impedance data and create
impedance look-up tables for prospective Make and Break fault
currents.

Stage Il — Deploy the FCL impedance estimator in static short-
circuit calculations.
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Impedance at Breaking Time (70ms) - PSCFCL

2.10

1.90

1.70

1.50

}

1.30

1.10
Pre - fault loading
0.90 —0A
—500A
—1000A
0.50 ~——1500A
—2000A

PSCFCL Impedance [Ohm]

0.70

0.30

2.0 4.0 6.0 8.0 10.0 12.0 14.0
RMS Break Fault Current [kA]
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Impedance at Breaking Time (70ms) - RSFCL

3.0

2.8

2.6

2.4

2.2 -

2.0

1.8

PSFCL Impedance [Ohm]

1.6

1.4
——Chester Street RSFCL

1.2 - —— Bournville RSFCL

1.0 I I I I I
0.0 5.0 10.0 15.0 20.0 25.0 30.0

Break Fault Current [kA]
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FCL Impedance Estimator

WESTERN POWER
DISTRIBUTION

1.00
0.90 — e

0.8 // —]

0.70 7

Pre-fault FCL Loading Sh[MVA] 100 5 0.60

Prospective Make Fault Current 15.0 kKA 0.01 0.88 0.02 1.06  Vh[kV] 11 =0.50 ==PR

Prospective Break Fault Current 13.1 kKA 0.01 1.04 0.02 1.25  Zb[Ohm] 1.21 £ 0.40 -

0.30

0.20

0.10

T R 0.00 -——

8 13 18 23 28 Ex

Make Fault Current [kA]

Pre saturated Core FCL Castle Bromwhich

teme e ez 120
paooon [zooon (W, ,  [logon
L ET - T ] mond
Tl —

20004 [ JB=0 1.00

s ron smany et T
uI0mm’ 15 Cu XLFE
||-% 0.80 7
o ¥ oo

o s : —=R
¢ u-1 fl'hm s X

Sx830mm” e Cu XPE

E ¥

3 (G35 8 105
Break Fault Current [kA]
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Original

Network
Model

Run Power Flow Analysis

loading

Pre-fault

Fault Level calculations according to
Voltages

ER G74

Prospective Make and
Break fault currents

FCL Pre-fault FCL impedance

Report: Make and Break
Fault Levels without FCL

at Making time

FCL impedance at

Breaking time

S

coourcove: |
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Thank you for
listening

Any questions?
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* Overview of Method Beta
* FLM Integration Options
* Site Selection Process
 FLM Technology

e Site Installation




WESTERN POWEII

DISTRIBUTION
FLEXDGRID V2222?2222

FlexDGrid — Method Beta

e Enhanced network models
¢ Detailed understanding of network Fault Level

e Monitoring Fault Level (Steady-state)
\EIREISEnE s | o Measuring Fault Level (Faulted-state)
* Verify/Update network models

e Reduction of system Fault Level
e Utilised from output of Management
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Aim of method Beta:

Installation of Fault Level Measurement Technology to determine
the actual real time substation Fault Level.

Build on knowledge learned through previous projects

Install FLM technology in 10 substations

Use knowledge captured to update WPD modelling policies

* Develop control procedures based on customer Fault Level
Contribution
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e 18 substations identified in and

around Birmingham with FL issue B
* 10 sites for FLM, selection based on: ¢ I

Birmingham

— Availability of Space

. ';@:.\‘. -,;7% adyw §; ":‘J =
— Network Connection Q< AL SHTSE
Aqsg gley Rd-— A456 @ Vi g X

— Substation Access sy 80
— Investment Plans

~ Auxiliary Equipment RE Y Y
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Selected Sites

Castle Bromwich 132/11kV ~ Hall Green 132/11kV

Chester Street 132/11kV Elmdon 132/11kV
Bournville 132/11kV Chad Valley 132/11kV
Kitts Green 132/11kV Shirley 132/11kV

Bartley Green 132/11kV Nechells West 132/11kV
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Partnership led by S&C Electric supported by Outram Research,
Nortech and HVR Resistors.

% S&C ELECTRIC COMPANY
Excellence Through Innovatiaon

outam HVR N

NS N TERNATIONAL
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* Originally developed as part of the Teir 1 LCNF Project “active
Fault Level Monitor”

* Device comprises

— S&C Electric IntelliRupter
— Outram Research PM7000
— Nortech Envoy

— HVR Resistor Bank
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S&C IntelliRupter PulseRecloser
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e Device originally designed to test a three phase network before
a permanent re-close.

* Application modified to close a phase and then pulse another
phase placing a 4ms phase to phase fault on the 11kV network.

* Operation occurs at 100ms apart on the peak and trough of the
fully closed phase current wave
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* Monitors Voltage and Current flows through AFLM and
substation transformers.

* Measures disturbance on waveforms caused by general
switching and by AFLM to determine the substation fault level

* (Can distinguish between upstream contribution through primary
transformer and contribution from the 11kV network

* Also used to monitor network circulating current to determine if
a parallel is made between two transformers



WESTERN POWEI!
DISTRIBUTION

FLEXDGRID 77/ 2222222 ZZt/x-{{U U_U__LLZZTtHAZ /A /7777777272222

Dual Path PM7000 AFLM Waveform

1000 T

Em P TIPS S

AC Current (Aac)
=]

B0Q e frrnniand

-1000 A

400

g

. 8 3

AC Current (Aac)

-200

-300

-400

17:59:59.8681 59.92 59.94 59.96 59.98 0.00 0.02 0.04 0.06 0.06 0.10 0.12  18:00:00.153
031113 Time 272 millisecs (ss) 03/11/115
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* Central controller for AFLM operation

e (Collects and transmits the real time data back to WPD control

* Programmed to operate device at pre defined interval or on-
demand through WPD Network Management System
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Single Line Diagram of AFLM

PRIMARY SUBSTATION

11KV BUSBARS
r L FAULT LEVEL MOMNITOR _l
| RESISTOR BANK INTELLIRUPTER |
T — 1 T 1 o
| Ir': ! I SN ?
| | | |
i e S o S
| | o .
| ? +_,.f ”“—+ X " I :
I | A — N I N IS
I | I IEJEREHT MEASURE
|
| |
ONTRO
I o] ||
|
| | 1
| [ pr7000 ™ 2 r 2
| I J..__| _________ A R
| | VOLTAGE MEASURE
| | PM7000 |
|
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Testing — Chicago May 2015

e Testing carried out in S&C’s High Voltage Laboratory

* Aim to prove accuracy of device is within 5% under a variety of
network conditions

RRH S50 ELECTRIC COMPANY | ===
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Peak | RMS |
Test# Lab Trace ID (10ms) (90ms)
error (%) | error(%)

4 90 4.4% -2.3%)
3 92 1.9% 2.8%
4 93 2.1% -4.6%)
3 95 4.6% 2.8%
4 96 -2.5% -8.6%
4 100 3.9% 8.2%)
3 102 2.1% 4.4%)
2.4% -4.8%)
8 107 3.4% -0.9%)
9 108 6.9% 2.8%
8 110 3.4% 1.8%
8 118 2.4% 4.8%
9 119 -3.8% 8.7%)
8 121 4.9% 1.9%
9 122 -1.1% -5.7%)
8 124 5.2% 0.8%)
9 125 -1.1% 6.6%)
2.2% 3.8%)
13 130 0.6% 0.0%)
14 131 12.1% 3.6%
13 133 1.6% -0.9%
14 134 10.8%) -2.3%)
13 136 1.5% -0.9%)
14 137 3.4% -2.6%)
14 140 2.6% -2.6%|
13 142 3.5% -1.1%)
14 143 3.7% -0.6%
4.2% -0.8%|
s e )

Average accuracy across all tests within
5%

50Q) resistance gave poor results due to
smaller disturbance

Red values outside accuracy. Caused by
rapid frequency drop unique to laboratory
and not a feature of real network
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ElImdon 132/11kV

Chad Valley 132/11kV
Castle Bromwich 132/11kV
Kitts Green 132/11kV
Shirley 132/11kV

Hall Green 132/11kV
Nechells West 132/11kV
Chester Street 132/11kV
Bartley Green 132/11kV
Bournville 132/11kV

22/10/2014
02/12/2014
12/02/2015
04/03/2015
04/03/2015
01/04/2015
29/07/2015
13/08/2015
03/09/2015
28/10/2015
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Example Connections

oG B Gy

" w w w
y | Y . y
R=—mrX =T =T i TTTR
c1 c2 Cc5 ]
1600A ¢1m |m¢ |m¢
F F
<;m¢1ao
4004
6x0.75sqin_1c Cu PLC

3¢ N APE
6x0.759qin_1c Cu PULC
INC1
6300
2000A
FLM,
630A
3x300mm*
fc N XIPE




WESTERN POWEIZ
DISTRIBUTION

FLEXDGRID

Installation Pictures
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Installation Pictures
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* Using 12 months of fault level data from AFLMs

« 95t percentile fault level was calculated for each AFLM
— Provides a conservative value for maximum fault level

 Comparison made to design fault level and existing modelled

fault level

e 9% available headroom calculated at each substation based on

AFLM result
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Data Graphs

Chad Valley Make Fault Level

30
25 4 -
*~ x - . x
" yx = - -~ " . ’.'. = is x =
- e i, L L « "% .' Silis - '.-E- ’t f "x g " .-
™ . AT . % : :
. L ﬂ-“._\ < - N e . T, B & L L um. L bl Sl e s 5 ) .
{ = S 2% X ok Lo o A AR Rt e e 5 B e Mol B S O b
- - - P R T N a4 e e O Ty - AT S - ey - "
R T R N T A B A ,
-n. ® X oy x . e -'\_, o L '- ol b-?:\ e e ~ SRt - T ‘.. 2o e _-...
20 x X - X x - Mk -‘ - '.l Pl x A A. gydi
15 ¢

* Red line is existing modelled Fault level

* Green line is average of all AFLM results and the blue line is the
95t percentile value
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Kitts Green Make Fault Level
40
35

Kitts Green Make Fault Level - Detail

15 40

35

20

15
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Overall Results — Make Fault Level Change

Current Headroom /% |FLM Headroom / % % Change

Bartley Green 35.0% 36.2% 1.2%
Bournville 25.7% 28.7% 3.0%
Castle Bromwich 15.3% 15.3% 0.0%
Chad Valley 22.8% 30.8% 8.1%
Chester Street 35.9% 34.7% -1.2%
44.9% 35.3% -9.6%
32.3% 35.0% 2.7%
26.0% 3.6% -22.5%
-4.2% -10.8% -6.6%

Shirley 47.3% 43.4% -3.9%
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Overall Results — Break Fault Level Change

Current Headroom /% |FLM Headroom / % % Change

42.0%
33.6%
24.4%
31.3%
39.7%
Elmdon | 50.4%
HallGreen | 38.9%
Kitts Green | 35.1%
Nechells West | 11.5%
52.7%

35.9%
33.6%
13.0%
28.2%
23.7%
40.5%
35.1%

4.6%
-2.3%
26.7%

-6.1%
0.0%
-11.5%
-3.1%
-16.0%
-9.9%
-3.8%
-30.5%
-13.7%
-26.0%
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* Project aim to challenge load infeed assumptions for fault level
calculations defined by G74

e Use advanced models combined with AFLM data to determine
fault contribution from 11kV network

 Combined with substation load information to generate
template for application of learning to substations outside

project
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L0000

MVA/MVA Template

MVA per MVA Infeed based on Percentage of Domestic Demand
8.0

7.0
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20
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0.0

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
Percentage of Total Demand from Domestic Customers



o]
WESTERN POWER=
DISTRIBUTION

1.0
3.0
3.0
5.0

* |Industrial substations showing values above 5.0 MVA/MVA.
Decided to limit contribution to 5.0 as per typical contribution
from synchronous generation

 Domestic dominated substations remain around 1.0 MVA/MVA
contribution

 Commercial and substations with 50/50 split recommended 3.0
MVA/MVA
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* FlexDGrid has shown that 1.0 MVA/MVA general load fault
infeed value at 11kV is no longer valid at all substations

* Further analysis at a wider range of substations required to
come to a definitive conclusion

— Further development of FLM required to enable easier
installation

— Reduction of £5% accuracy of device
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Thank you for
listening

Any questions?




WESTERN POVIII’
DISTRIBUTION

FLEXDGRID Vzzizzzzzyzzzzzzzzzizzizzzzddzzziddzz:;yyddzz:cdz:izzziuiazz.icczz:iczz2zvizzizzzizizzzzizzzzzzizzzzizzzzi2zzzzz

Lunch

Resume at
13.15pm
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Introduction

e (Qverview

Fault Level Issues

Traditional Reduction Solutions

Fault Current Limiters

- Technologies

- Connection Options

- Specification

- Design/Testing/Install
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FlexDGrid — Method Gamma

e Enhanced network models
¢ Detailed understanding of network Fault Level

e Monitoring Fault Level (Steady-state)
e Measuring Fault Level (Faulted-state)
* Verify/Update network models

e Reduction of system Fault Level
e Utilised from output of Management

Mitigation
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Method Gamma aimed to
trial three different Fault
Current Limiter (FCL)
technologies

FCLs have now been
connected at three 132/11kV
substations in Birmingham

The connection of the FCLs
has released 52MVA of
generation capacity on the
11kV network

CHalesower

. o SWalsall

Wy T

TR i '._'.o~'

; ._':' (\ﬁ i L Tas
o Weg}?romwmh < AN ‘q,"?t

Sutton Coldfield

Sy

B /G X
G o D

Birmingham

. Solihull
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Substation with two 30MVA

. . £=0.04p.u.
transformers in parallel f;) on 100MVA ¢
LV switchgear is rated at ) som ary
250MVA |\i< 7=22.5% Kj 7=22.5%
Maximum Fault Level (Break) | . a
L] RATING

Is 240MVA

Only 10MVA spare Fault Level
capacity for generation



WESTERN POWER%
DISTRIBUTION

* New 5MVA CHP generator

wishes to connect %1/ =004,
* System study reveals that p ,|\
. * SOMVA $<:;4 30MVA
Fault Level is now above () =225 ) 22257

rating J -
L% 120MVA

]
Ll RATING = 250MVA

* An option is required to % " | 225001
reduce the Fault Level A N,

™) 7=22%
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Open Bus-Section

* Simplest method is to open
the bus-section and split the
path

Significant reduction in Fault
Level

Reduces security of supply
(Increase in Customer
Interruptions)
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Reactor

* |nstallation of reactors in the
bus-section or incoming
feeders

pi

Moderate reduction in FaU|t Reactors in series with transformers
Level

o High losses, static impedance

-

Reactor across bus-section
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 FlexDGrid aimed to overcome the limitation of traditional
methods of fault level mitigation

* The process below was followed for trialing technologies

Substation
Investlgat.e SEEEIEN Te.n.der. Design Testing Installation
Technologies ’ and Specification ’

Connections
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FCL Technologies

Build on knowledge learned
through IFl, ETlI and LCNF
Projects

Install 5 FL mitigation
technologies in 5 separate
WPD substations

Test & trial emerging
technologies to quantify
performance and network
benefits
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FCL Technologies

I> GridON — Pre-Saturated Core FCL

I> Nexans — Resistive Superconducting FCL

I> GE/Alstom — Power Electronic FCL
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 The Pre-Saturated Core FCL (PSCFCL)

acts like a “smart reactor” ( ;ﬂd

 Comprises both AC and DC windings FrptecUngithe Gdl beaely,

— The DC winding adjusts to keep
the impedance of the PSCFCL low
under normal conditions

— When a fault occurs on the AC TRANSFORMER
network the automatically
changes to a present a higher THETRANSFORMER
) PEOPLE
impedance
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FCL Technologies — Pre-Saturated Core FCL

Zeer = Small

Normal 11kV AC current - — Y00 — - Normal 11kV AC current

(low losses)

DC bias current
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FCL Technologies — Pre-Saturated Core FCL

Prospective 11kV
AC fault current

ZFCL — LARGE
TN —

Reduced 11kV AC
fault current

DC bias current

7
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FCL Technologies — Pre-Saturated Core FCL

Power Rating: 38MVA (2000A)

 Fault level reduction: 44%
* Impedance:

— 0.18 p.u. (normal)

— 1.0 p.u. (fault limiting)

e Mass: 170 Tonnes

 Dimensions (LxWxH): 6.4 x4.5x5.3 m
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* The Resistive Superconducting FCL
exploits the properties of a High N
Temperature Superconductor (HTS) e X a n S

 HTS is assembled within a cryostat
and kept at very low temperature
(72K =-201°C) by using liquid
nitrogen

* Normally the RSFCL presents very
low impedance to the network

* The HTS becomes hot during faults
resulting in a high impedance
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* Atlow current the RSFCL operates in the superconducting

range of the HTS

* As current increases so does the temperature of the HTS

* At the critical current (I )
the HTS operates outside
the superconducting range
and “quenches”

* This causes the impedance
of the RSFCL to
dramatically increase

voltage

s==sUperconductor
s=mmpnormal conductor

® [c

current
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 When the RSFCL quenches, the temperature of the HTS
increases

* To prevent damage to the HTS, the RSFCL has to disconnect

! =
! : P
i 1
. CBI : 1 | CB2
i/ 1 '/
k% o
i 1
: nees 11 SFCL l
b e aeed I !
| | | |
I 1
I 1
I 1
| V Vmen:? 1
e l
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FCL Technologies — Resistive Superconducting FCL

 Power Rating: 30MVA (1600A)

 Fault level reduction: 50%
* Impedance:

— 0 p.u. (normal)

— 2.18 p.u. (fault limiting)

* Mass: 30 Tonnes

 Dimensions (LxWxH): 8.1 x4.6x3.2m
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 GE proposed an FCL that could
rapidly “switch” fault current
instead of limiting it

 The device was based upon power
electronic IGBTs already used in
their VSC demonstrator project
(ex-Alstom Grid)

 The PEFCL was designed to
“sense” fault current and
disconnect before the first peak of
fault current
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FCL Technologies — Power Electronic FCL

* Unfortunately, due to issues
with the design integrity of
the PEFCL it was not able to
be completed in time for the
end of the project

 However, knowledge from
the project has been shared
with other DNOs (including
UKPN — PowerFul-CB)
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Connecting FCLs

* There a number of options
for connecting FCLs

* Options may differ
depending on:

— Network configuration
— FCL operation
— Balance of load
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* Three integration options for FCLs:
— In series with a transformer
— Across a bus-section

— Within an interconnector
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In-series with transformer

e Parallelof T1 and T2

* Transformer protection has
to be modified

* FCL has to “ride-through
faults”
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Across Bus-Section

e Parallelof T1 and T2

* Requires spare CBs either side
of Bus-Section

 Can disconnect after fault
without disturbing incoming
supplies




[

WESTERN POWER=

DISTRIBUTION

Within an Interconnector

Parallel of T1 and T3

Existing protection can be A
modified

Can disconnect after fault
without disturbing
incoming supplies
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e 18 substations identified in and

around Birmingham with FLissue |

I [ A38()

% 02c% Phillips +,
% 3
Street Park

New

S Yohn «
©°C ST W

wick & % W

» 5sites for FCL selected: N R

ark

Birmingham

— Availability of Space A

Summerfield
Park

— Network Connection et T S

Ha 3 25 i
. agley:id 6 > @ath oW
A456 Hagley Rd-— A456 o ‘ B
— SUpRStation ACcCessS ! T :
2 Haro® £ 3
x > 54

— Investment Plans |

L & Glasshouses

— Auxiliary Equipment Sl

1e Church
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Substation Selection

. Availability of Space

‘ Network Connection
e

Investment Plans

ﬁ Auxiliary Systems
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Following thorough analysis the following substations were
chosen for installation of an FCL

Castle Bromwich 132/11kV
Chester Street 132/11kV
Bournville 132/11kV

Kitts Green 132/11kV
Bartley Green 132/11kV

2 no
3 no
4 no
3 no

2 no

. dual wound 60MVA transformers
. 30MVA transformers
. 30MVA transformers
. dual wound 60MVA transformers

. 30MVA transformers
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The required FL reduction at the chosen substations was based
on the Firm Capacity

* Substations with a higher firm capacity had higher levels of
reduction

. X
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Specification — FCL Requirements

* The following factors were considered when selecting FCLs

RIDE AUXILIARY FL

FAIL SAFE THROUGH SYSTEMS REDUCTION

Additional systems Amount of FL
are required to reduction is

: _ control and operate dependent on other
Requirement to ride FCLs et

through faults must
be considered as
some FCLs have to

switch off after fault Complexity and Larger reductions
power capacity of

Failure of any
component must
not result in FL
increasing

can be achieved at
higher fault levels

these systems varies
between devices
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 The FCLs were allocated to the substations according to the
aspects of each technology

Castle Bromwich 132/11kV  Pre-Saturated Core FCL GridON
Chester Street 132/11kV Resistive Superconducting FCL Nexans
Bournville 132/11kV Resistive Superconducting FCL Nexans
Kitts Green 132/11kV Power Electronic FCL GE

Bartley Green 132/11kV Power Electronic FCL GE
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Castle Bromwich FCL Installation

 FCL was designed to be installed in the leg of GT1A

 |ndoor installation with extensive modifications

I/ 7/
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Castle Bromwich FCL Installation
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 Three Grid Transformers run in split configuration
e GT1 supplied from a separate source
e RSFCL connected across the bus-section (new switchgear)

) 1328/11kV () 132/11kV S 132/11kV
ET]é o GTek e 6T Sohua
SEC s SEC SEC SEC SE
u LA X Loy ? Y
Tl 1 ipnll 1 Tl 20004
Elj LT ]_QI_I ||§_|| Elj TRI_I ]':!”Q_“
BS . | 1 s _
Yoroa u-v VW WX g x-v O 55 Ok, =z Z tha
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Chester Street FCL Installation
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* Four Grid Transformers run in split configuration
 1960’s 11kV switchgear interconnected using cables
* RSFCL connected across an 11kV interconnector
- GT;C MVA | CT;CIM"."A r|\C ;.-l)h-'\-'.-!\ ,—j?c-r.rm
8 t% Swb30mm? e Cu XLE 9x630mm’ 1c Cu MLPE F:_j Cj‘
0 mil RS 0004 & A u
woon Y 16004 Y J,LL ! 20004 Y 20000
SEC D | SEC C SECF - - “—“l 1 SECF SEC A SEC B
e @ IJTJ,] Jef 'fr;*i D_ e |:| o @
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Bournville FCL Installation
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FCLs have been successfully
connected to the system

Unfortunately no faults
have occurred to verify site
performance!

As with most new
technologies some issues
have arisen during
operation
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Operation of FCLs

GridON

* Problems with DC sensing
circuit. Circuit re-designed
and trouble free since
December 2015

Nexans

* Problems with cooling plant
failures. Manufacturer has
repaired. Investigating
alternative cooling solution
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Learning — GridON FCL

Changes in Design

The initial design from GridON agreed during
contract:

e 5.4x4.2x5.0m (LxWxH)

* 161 Tonnes

During the detailed design phase the device
footprint and weight increased to:

* 6.4x4.6x5.4m (LxWxH)
* 168 Tonnes

An extra 20% allowance had been made during
WPD design




WESTERN POWIIZ
DISTRIBUTION

FLEXDGRID

Learning — GridON FCL

Magnetic Shield

Contract stated that magnetic field outside
of the enclosure had to be kept below 5mT

e Design produced required further
structural calculations

e |nstallation of one shield wall after FCL
installation

* Shield had to be covered to protect
sharp edges

Carefully consider installation of shield in
overall design
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Short circuit testing

Witnessing of short circuit testing
revealed issues with high magnetic field
during faults:

e Operation of buchholz relay
e Alarm from de-hydrating breather
e Alarm from Calisto Gas Monitor

These issues were rectified before final
testing so that the performance onsite
was not affected




w:srn:l:‘q'nrgsﬂ FCLs: Operation and Benefits

Enclosure

Advantages

*  Majority of components pre-installed ‘
*  Control system wiring pre-installed ‘;
* Easier for testing

b Bt

* Less pipework

Disadvantages

* Significant additional weight (approx. 29t)
* Logistics to transport and offload

Conclusion
* Minimal improvements required to the design
* Larger enclosure to allow better access for cable termination

* Preferred solution to the alternative of installing the device in an
existing building, provided that there is sufficient space in the
substation compound
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Learning — Nexans

Cooling System

Issues

Damaged pipework during commissioning
Water level dropping below the trip level

Air intake becoming clogged with debris
leading to inadequate air flow

Minor helium leak due to loose
connections

Water leak at the connection
Power supply failures

A simpler approach to the cooling system,

with less moving parts, could improve

reliability
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Open Loop Cooling

* An open loop cooling system could i
overcome the issues with the problems b
encountered on the Nexans RSFCL.

pRODUCTS g,

LIQUID NITRogg,

* The following points need to be
considered

40CM63113

— Large reduction in moving parts
— Space for storage tank

— Tank provision and filling costs vs.
maintenance and cooling system
losses
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 The design and installation of three FCLs on the 11kV network
has produced the following benefits:

— Released FL capacity
— Increase network security
— Developed existing technologies

— Learning and outcomes shared with DNOs



WESTERN POWII’
DISTRIBUTION

FLEXDGRID Vzzizzzzzyzzzzzzzzzizzizzzzddzzziddzz:;yyddzz:cdz:izzziuiazz.icczz:iczz2zvizzizzzizizzzzizzzzzzizzzzizzzzi2zzzzz

Benefits — FL Capacity

Castle Bromwich 13MVA
Chester Street 19MVA
Bournville 20MVA

52MVA
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Thank you for
listening

Any questions?
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Connections

Policies and and Security

Procedures

Implementation

Technologies
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Enhanced Modelling:

* Further increases in modelling
accuracy and consistency

* Value to both new and existing
connections

* More accurate representation
of network in all conditions

* Consistency in system
operating times

* |ncreased utilisation of
network assets

| ]
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Serving the Midlands, South West and Wiles

Company Directive

STANDARD TECHNIQUE: SD7F/2
Determination of Short Circuit Duty for Switchgear on the

WPD Distribution System

Policy Summary
This document provides guidance on calculation of fault levels so as to determine the
short-circuit duty for switchgear installed on the WPD distribution networks.

Authaor: Jonathan Berry / Peter Aston

Implementation Date:  May 2017

Approved by: % f

Policy Manager

Date: lil’(\uﬂ Q_Ol?

INOTE: The current version of this document is stored in the WPD Corporate Information Database. Any other
copy in electronic or printed format may be out of date. Copyright ® 2017 Western Power Distribution

ST:SD7F/2 May 2017
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Figure 1 - Generotor and Transformer Arrangement
_ —
e p - _}.I s
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Once calculations indicate switchgear is above 95% of its rating it should be considered
overstressed, unless detailed studies can show otherwise to a value no greater than 98%
at the discretion of the Primary System Design Team Manager.

The errors inherent in any methodology and software program used, together with
variance in data accuracy and assumptions, should be taken into account when

undertaking any specific detailed studies where initial analysis indicates switchgear
above 95% of its rating.

Table 1 — Typical parameters of the generators

Synchronous generators (11kV)
2—5MVA 5 — 20 MVA 20—60 MVA
Armature Resistance [p.u] 0.0068 0.0075 0.0075
Synchronous reactance [p.u] 18 2.0 2.0
Transient reactance [p.u] 0.19 0.19 0.1a
Sub-transient reactance [p.u] 0.13 013 0.13
R Open circuit transient time 3 [ 10
aud Open circult sub-transient time 0.04 0.06 0.07
Synchronous generators (0.415kV)
100 500 1 15 2
kva KVA MVA MWVA MWA
. . . Armature Resistance [p.u] 0.0077 0.0095 0.0095 0.0093 0.0074
Table 3- Breaking time at different voltage levels ST T ——_ — — = e —
Voltage Level (kV) Breaking time (ms) Transient reactance [p.u] 017 013 0.20 0.21 016
1 1kV 70 Sub-transient reactance [p.u] 0.12 0.09 0.14 0.15 0.12
Open circuit transient time 0.34 1.56 2.35 3.56 4.04
33kV 70 Open circuit sub-transient time 0.014 0.017 0.036 0.042 0.04
Converter connected generators
GGkV 50 Make Time Fault infeed [p.u] Break Time Fault infeed [p.u]
132kV 50 Battery Storage 3.0 12
PV System 3.0 12
Micro CHP 3.0 1.2
‘Wind Turbine / DFIGs 40 20
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Real-time Fault Level Data:

Make and Break data to
validate and update network
models

Update how different loads are
characterised on the system

Increased data to inform
potential network operability
functionality

Active control of customers
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Benefits

235
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Benefits

Fault Current Limiters:

e Considerable fault level
headroom created

* Parallel network operation
enabled

e Policies and Procedures
created for technologies == . -
for future use ~ ST

STOCIW Fme20l5 0 -Tefl8-
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Benefits

GT1

n r

GT2
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TLIT LT LT
— Castle Bromwich 13MVA
FCL
L Chester Street 19MVA
Bournville 20MVA
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Thank you for
listening

Any questions?
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= Alternative Connections Background

=  Comparison with Existing Offerings & Key Decision Points
= Soft-Intertrip ANM Development

= Final Key Points
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= Developed as parts of the network became ‘full’

= ‘Full’ = Limitations from Thermal, Voltage, Protection or Fault Level

= Customers must be willing to accept some level of curtailment in return for a
saving in reinforcement costs and timescales

= Level of curtailment can be fixed or dynamic

=  WPD currently has four options of increasing technicality
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Alternative Connections

u Other
m CHE

o Waste

M Bicgas
N Hydro
B Biomass

W Wind

Threshold

<€ 20th to 27th March 2017 >
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Alternative Connections

kW

200000

50% capacity

available 85% of
the time

20th to 27th March 2017 >
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 Other
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= Measures Apparent Power at Exit Point

= Uses information to restrict the generation and/or balance the customer
demand in order to prevent agreed ASC being exceeded

= Suitable for all capacities & voltage levels

= Reduces generators contribution to thermal or voltage infringements (Fault
Level Restrictions may still apply)
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Alternative Connections - Timed

= Achievable where we have predictable load and generation patterns

= Connections will be given an operating schedule which will define times and
levels of capacity available

= Typical constraint times;

Perioa 10am to 4pm 4pm to 10am
October to March No Constraint Mo Constraint
April to September 30% of full output Mo Constraint

May to August 0% of full output Mo Constraint

= Method of curtailment provided by WPD or customer

= Suitable for sub 1IMVA generation installs
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Alternative Connections - Timed

u Other

u CHPF
Py
Waste
m Bicgas
u Hydro

W Biomass
W Wind

o Threshold
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= Network Constrained by a single upstream asset requiring reinforcement

= Through monitoring these conditions using the network management
system, further capacity can be released when these limits or assets are
within normal operating parameters

= On-site WPD RTU issues two stages of constraint — 30% total output and 0%
total output

= Suitable for all generator applications connecting at HV or with an export
level of 250kW and above

= Limited participants per area

= Can monitor Transformer Reverse Power, (N-1) Constraints, Voltage
Constraints, Thermal Constraints
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Alternative Connections — Soft-Intertrip

u Other
m CHP

u R

H Waste
m Bicgas
u Hydro
B Biomass
B Wind
o Threshol

€«——— 20" to 27" March 2017 -_—>
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= ‘Active Network Management’
= Multiple complex constraints affecting a number of customers

= Distributed control systems continually monitor all limits on the network
then allocate the maximum capacity to customers in that area

= New ANM ‘Zone’ being rolled out every six months with a view to making
the whole network available for customers to apply for an ANM

connection by 2021
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Alternative Connections — ANM

u Other

u CHP

u Py

o Waste
m Biogas
u Hydro

W Biomass
W Wind

B Threshold
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Alternative Connections — FlexDGrid Fault Level

Aims
= Use the Fault Level Monitoring data to provide ‘Quicker & Cheaper’
connections for customers currently restricted by Fault Level constraints

= Ensure any solution is easy to roll-out to both customers and the
business. Both commercially and operationally

= Trial with a customer
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Alternative Connections — Comparisons to Existing

Limitations

= Constraints not seasonal or have any patterns

= Export can not be limited — Must be totally disconnected
= Measurements not ‘Real-Time’ in the true sense

= No fall back protection operation

Strengths

= Periods of potential curtailment known in advance
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Alternative Connections — Comparisons

8 mFL
o Threshold
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ANM

= |deal scenario

= Lack of true ‘Real-Time’ data makes conventional implementation not
possible

= Costs associated with full ANM integration ruled it out as part of the
project

= However, Fault Level Soft-Intertrip principals will need integrating in to
ANM to cater for the possibility of both Fault Level and thermal
constraints
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Fault Level — Proposed Solution

Soft-Intertrip
= Simpler & Cheaper installation

= Existing Soft-Intertrip coding can be altered internally to include an
operator in the loop for the final decision

Control Engineer Aware of FLM Value Cross
Planned Parallel FLM Value Requested Reference with Guidance

Parallel Switching Generator Constrain Generator Constrain
Undertaken Confirmed Signal Sent if Required
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Power-on Integration

= Routed FLM data in to the WPD
corporate network

= Created FLM PoF interface FLMAD U Pt

= Developed ‘On-Demand’ Intellirupter
control
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Generator End RTU

= Generator constraint panel already capable of opening and return
status of G59 breaker. Settings amendments required.

Local/Remote

Frequent Operation
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Fault Level Soft-Intertrip — Trial Customer

Trial Customer
= Nechells West

= Existing on —site Fault Current
Limiter at the end of its useful
working life. Two large CHP &
One 800kVA Gas Generator

= |nterested to understand the
impact on their business

= |nstalled solution up to the
generator to prove and

provide visual indication
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Fault Level Soft-Intertrip — Trial Customer

Trial Customer
= Off-Line calculations to establish thresholds

FLM Value (kA) Mitigating Actions

212.705 No Acceptable Mitigating Actions Available

B800kVA Gas Generator Disconnected

li';?;? 4. 7MVA CHP Disconnected
’ Bus-Section Z-Y Open
10.675 to 4.7MVA CHP Disconnected
12.189 Bus-5ection Z-Y Open

=10.674 Bus-Section Z-Y Open
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Trial Customer

= Curtailment

Av. No. of Actions|Average Length of Action| Typical Times When
Mitigating Action
per Year (Minutes) Action May be Required
800kVA Gas Generator 116
Disconnected ' 3 9.30 2.30pm to
4.7MVA CHP =Lam 4.30pm
. 2.52
Disconnected

= Costs

FLM Solution = £91k
Conventional = Approx. £300k & Three Years

= Updated policies, offer letter, connection agreement and curtailment
studies
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= Two flavours of Fault-Level Soft-Intertrip available — with and without

FLM infeed

Mitigating Action

Av. No. of Actions
per Year

Average Length of Action
(Minutes)

Typical Times When
Action May be Required

BO0OkVA Gas Generator
Disconnected

4

4. 7MVA CHP
Disconnected

4

9.30am

2.30pm to
4.30pm

= Customer potentially saves an additional £66k by accepting a couple

more curtailments a year. Depending on process criticality.

= Requirements to integrate with ANM solutions in the future for the

scenarios where multiple constraints exist.

= Currently 56 similar size sites with the potential for similar Fault Level

based savings.
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Thank you for
listening

Any questions?
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Learning from EFLA:

* Informed revised methodologies
for increased FL modelling accuracy

* Updated WPD Modelling Policy for
Fault Level at 11kV to 132kV

« Recommendations for future
modelling and system operation
practices

| ]
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Serving the Midlanes, Sowth West and Weles

Company Directive

STANDARD TECHNIQUE: SD7F/2

Determination of Short Circuit Duty for Switchgear on the
WPD Distribution System

Policy Summary

This document provides guidance on calculation of fault levels so as to determine the
short-circuit duty for switchgear installed on the WPD distribution networks,

Author: Jonathan Berry / Peter Aston

Implementation Date:  May 2017

Approved by: ( - é ) K_

Policy Manager

Date: 12 May 2017
NOTE: The current version of this document is stored in the WPD Corporate Information Database. Any other
copy in electronic or printed format may be out of date. Copyright @ 2017 Western Power Distribution

ST:SD7F/2 May 2017 -1of14-
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Project Outputs

Majorlty Domestic
Split Domestic/Industrial 3.0
Majority Commercial 3.0

Majority Industrial 5.0

SR e e s Infeed

kw
;zrx:i||||

Half Hourly Time Steps for W/C 20" March 2017

Learning from Management:

T

Developed real-time fault
level values for the first
time

Created a proposed
template of revised
general load infeed values
to inform the industry

Added to our existing suite
of alternative connections
to include Fault Level soft-
intertrip schemes, where
available
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Project Outputs

Learning from Mitigation:
e Experience of three FCL
installations

* Created over 50MVA of DG
connection availability in
Birmingham

* Significantly increased the security
of supply to all customers through
network paralleling

| Substation | Capacity Released |
Castle Bromwich 13MVA
Chester Street 19MVA
Bournville 20MVA

TOTAL 52MVA
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* Policies have been created for all technologies enabling a fast transition to
suitable technologies being transferred to Business as Usual

e Studies are being carried out on new connection schemes to assess FCLs against
traditional solutions

* Further research and development of FLMs and FCLs to facilitate refined solutions

* Wider study of revised general load infeeds to look at informing ENA standards
(G74)
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Serving the Midlands, South West and Wales

Roger Hey

Western Power Distribution
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Jonathan Berry Neil Murdoch
Western Power Distribution WSP
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James Bennett Ali Kazerooni
Western Power Distribution WSP
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www.westernpowerinnovation.co.uk
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