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1 Purpose 
1.1 The purpose of this Specification is to provide designers and tenderers / contractors 

with the minimum technical standards and physical requirements that pump control 
equipment (at critical pump sites) shall be designed and constructed to meet. 

2 Scope 
2.1 This Specification applies to critical pump sites. These are pump sites where structural 

or serviceability failure would result in restrictions to the operational railway (e.g. by 
track or station closure) within 24 hours. Refer to the current version of London 
Underground (LU) Category 1 Standard 1-056 Civil Engineering – Pumping Systems 
for the detailed methodology concerning determination of pump site criticality. The LU 
Asset Management System (AMS) is called ELLIPSE; all critical pump sites are 
labelled as such in ELLIPSE.  

3 Specification 

3.1 Preamble 

3.1.1 This specification is as far as possible, a performance based standard. However, 
given that the LU environment is rather unique in certain respects, some prescription 
remains in the document. In particular, the specification mandates compatibility with a 
particular manufacturer’s Supervisory Control and Data Acquisition System (SCADA). 
It is not possible to avoid this prescription, since the system in question is already 
installed and operating across many LU pump sites and for safety reasons all pump 
sites that require such monitoring must be connected to the same central control in 
the same way. 

3.1.2 This document contains references to the ‘Client’, ‘Engineer’ and ‘Contractor’. It 
should be noted that in the context of this specification those terms shall be taken to 
have logical meaning in the broad senses of the words and shall be viewed as 
independent of the specific Conditions of Contract. Thus the term ‘Client’ shall be 
taken to mean Employer, Authority, Purchaser, etc; similarly ‘Contractor’ shall mean 
‘Contractor’ in the traditional contractual sense if appropriate, or shall mean the 
relevant entity within other forms of contract such as Alliancing and Joint Ventures, 
etc; and the term ‘Engineer’ shall also be construed in a generic sense to mean 
Contract Administrator, Project Manager, etc. as appropriate to the contract. 

3.1.3 It is not possible to define a single system of control which would be suitable for all 
installations because of the wide range of pump applications found within the LU  
railway network and its associated infrastructure (i.e. depots, access roads, etc.). This 
specification therefore identifies the general requirements and variable features, which 
must be adhered to. Any changes to those requirements must be authorised by the 
LU Professional Head (Pumps and Drainage). 

3.1.4 In preparing the Particular Specification (the site-specific specification) the designer 
must be aware of the specific circumstances relating to the environment, power 
supplies and access for the project/site under consideration and any potential 
difficulties which may occur. 
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3.2 General 

3.2.1 Terms and Abbreviations 

3.2.1.1 Unless specifically defined otherwise in Clauses 6.2 and 6.3, the definitions of terms 
used in the Specification and associated documents are those in BS 6100-1, Glossary 
of Building and Civil Engineering Terms. 

3.2.2 British, European and International Standards 

3.2.2.1 British, European and International standards shall be deemed to be those current 28 
days prior to the date for return of tenders, or those current at the date of receipt of 
this specification document, whichever may be applicable. 

3.2.3 Health, Safety, Environment and Quality 

3.2.3.1 The current version of LU Category 1 Standard 1-551 Procuring and Managing 
Suppliers and Contractors – Health and Safety Executive (HSE) Requirements, shall 
be complied with during all construction, installation, testing and commissioning work. 

3.2.3.2 New works and maintenance work shall comply with BS EN 752 Clause 7 Health and 
Safety Principles. 

3.2.4 Existing and As-built Survey Drawings 

3.2.4.1 Where required by the contract, as-built drawings shall be provided in electronic 
format and comply with the current version of LU Category 1 Standard 1-037 
Computer Aided Design Data and the particular requirements of Attachment 1. 

3.2.5 Impact on Outside Party Assets 

3.2.5.1 Where required by the contract, the impact on Outside Party assets shall be 
determined in accordance with the current version of LU Category 1 Standard 1-023 
Infrastructure Protection. 

3.2.6 Contractor Designs 

3.2.6.1 Control Panels are typically Contractor designed items. Attachment 1 shall detail the 
contract specific requirements for them. 

3.2.6.2 The Contractor shall provide a fully signed-off Design Check Certificate for the 
category of check undertaken and appropriate for the asset designed, in accordance 
with the current version of LU Category 1 Standard 1-538 Assurance. 

3.2.7 Setting Out 

3.2.7.1 In setting out the Works it shall be the Contractor's responsibility to satisfy himself that 
any dimensions, sizes and levels given are correct and should he wish to query any of 
these he shall give written notice to the Engineer before putting work in hand.  The 
Contractor, during installation, shall be responsible for the setting out of the Works, 
and for the correctness of the positions, levels and dimensions of the works. 

3.2.7.2 If at any time during the progress of the Works any error shall appear or arise in the 
positions, levels or dimensions of the Works, the Contractor shall at his own expense 
remove and amend the work to the satisfaction of the Engineer, and shall become 
liable for any costs associated with any delay caused to the Contract due to such 
error. 
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3.2.8 Damage to Structure 

3.2.8.1 The contractor shall exercise due care and attention in carrying out the works and will 
be held fully responsible for any damage caused to the structure or building finishes 
by his employees.  The Contractor shall obtain permission from the Engineer before 
any holes are cut in floors, walls, steelwork, etc. 

3.2.9 Protection of Plant and Equipment 

3.2.9.1 All new and existing plant and equipment shall be protected during the execution of 
the work by the Contractor. 

3.2.10 Safety of Moving Machinery 

3.2.10.1 All machinery with moving or rotating parts shall be guarded for safe working by the 
Contractor in accordance with BSI Published Document PD 5304 Guidance on safe 
use of machinery. 

3.2.11 Manufacturers Test Certificates 

3.2.11.1 Certificates of specified tests carried out at manufacturer’s works for any items of plant 
or equipment shall be forwarded to the Engineer for his approval, prior to shipment of 
the plant or equipment to site. 

3.2.12 Codes of Practice 

3.2.12.1 The Contractor shall ensure that all work is installed in accordance with the standards 
of good practice and workmanship contained within the relevant standards (British, 
European and International), British Standards Codes of Practice or British Standards 
Published Documents. Where any requirement of the above documents conflicts with 
an explicit requirement of this specification then this specification shall prevail. 

3.2.13 Contract Drawings and Schedules 

3.2.13.1 A complete list of all contract drawings and schedules (site specific and standard 
details) shall be included in Attachment 1. 

3.2.14 Programmable Logic Control and Man Machine Interface 

3.2.14.1 Programmable Logic Control (PLC) and ‘Man Machine Interface’ is always required.  
This requirement must be identified in the Particular Specification (refer to Attachment 
1). 

3.2.15 Incorporation of Controls for Non-critical equipment in Critical Pump Sites 
Control Panel 

3.2.15.1 In some cases it may be considered necessary to incorporate controls for non-critical 
equipment in a critical site control panel.  These may be for auxiliary sump pumps or 
ventilation fans, etc.  Where required, the control panel may be extended to include 
such controls based on the Non-critical Pump Site – Control Panel Specification.  This 
could take the form of a single compartment with additional starter and controls or 
extra multiple sections. In such cases the incoming mains power supply and 
distribution load shall be upgraded accordingly. 

3.3 Manufacturing 

3.3.1 Cabinets shall be manufactured from minimum 2mm thick sheet stainless steel Grade 
A304 and shall be of welded construction. The cabinets shall be of a robust nature 
with no undue flexing. The panels may have to be made in sections to facilitate 
access, with wall and / or floor mounting. A gold passivated steel back plate shall be 
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used. Internally, doors shall have studs fitted allowing cable support systems to be 
rigidly fitted. 

3.4 Design Philosophy Overview 

3.4.1 The primary purpose of the pumps operated by control equipment is to control water 
entering the underground tunnels and premises. In this situation, reliability of design 
and components is of prime importance. 

3.4.2 The minimum number of protective devices consistent with safe working practice shall 
be used. Any protection (such as motor temperature cut-outs) shall reset automatically 
wherever possible, so as to allow the system to return to normal operation on 
clearance of the fault. 

3.4.3 The design philosophy for the power, control and monitoring equipment for critical 
sites, is that the pumping plant should be ‘fail-safe’. This is defined as ensuring that 
pumping shall be unaffected by all but the most critical faults.  Those faults which 
would otherwise stop the plant shall instead bring up alarms. 

3.4.4 In order to achieve the requirements in 3.4.3, the panel shall have the following 
features: 

a) Separate isolation of sections, which permits pump or control system 
maintenance whilst other pumps are running. 

b) Internal Flygt Aquaview System control and monitoring systems. 
c) Alarms which are reliable but do not stop pumps. 
d) Automatic analogue level control system (via Flygt Aquaview System) with 

independent self-checking digital level control and high level alarm back-up. 
e) An interface with the station alarm panel system. 
f) An interface with a Flygt Aquaview System telemetry outstation. 
 

3.4.5 The objective of the designs shall be to provide control systems that remove water 
from the underground railway and premises in all reasonable circumstances. The 
control system shall provide reliable alarms and telemetry outputs to rapidly inform 
station and maintenance staff of any faults and enable rapid, accurate and safe 
diagnosis and repair of any faults within the control system, while continuing pumping 
wherever possible. 

3.4.6 The philosophy for power control and monitoring control panel, and their installation, 
connection and testing is to provide robust, reliable and low maintenance facilities 
using standard design principles wherever possible. Consideration must be given to 
simplicity of layout and operation using readily available standard components and 
materials from the LU Products Register. 

3.5 Design Philosophy Implementation 

3.5.1 It is not possible to define a single system of control which would cover all installations 
because of the wide range of pump systems found on the London Underground 
system. 

3.5.2 The basic features must be similar for all panels. However, consideration must be 
given to the specific requirements for the applications outlined in the Particular 
Specification; the main areas are as follows: 

a) Number of sumps / tanks associated with each panel and their title / 
designation. 

b) Number of pumps associated with each sump/tank and their associated 
number/designation and operating basis: 
  I) 2 Pump - Duty/Assist (submersible pumps) 
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  II) 3 Pump - Duty/Assist/Assist (submersible pumps) 

c) Motor sizes and types of starting required for each pump: 
  I) Direct on Line starter 
  II) Star/Delta starter 
  III) Soft Start 
  IV) Invertors 

d) Method of control: 
I) Pressure transducers (Engineer authorisation is required for 

model and type) are the preferred method of automatic level 
control with conductivity electrodes (rods) for back up. 

II) Other control methods may be considered but will require the 
explicit agreement of the LU Professional Head (Pumps and 
Drainage). 
 

e) The designer shall comply with his obligations under the Construction (Design & 
Management) Regulations 2007. The designer shall outline safety 
considerations in a conceptual design and installation statement in the 
Particular Specification and develop these for the design and installation 
stages. 

 
3.5.3 In order to achieve the above objectives, the following requirements shall be complied 

with: 

a) Critical sites shall use LU preferred components and circuit diagrams unless 
there are specific requirements to the contrary stated in the Particular 
Specification.  Preference engineering by consultants / contractors or the panel 
manufacturer is NOT permitted. 

b) Components shall be standardised. Different manufacturers for contactors, 
overloads, Miniature Circuit Breakers (MCB’s), etc., are acceptable provided 
they are: 

I) readily available in the United Kingdom (UK); 
II) interchangeable (e.g. rail mounted); 
III) are wired with sufficient spare cable to permit replacement by units 

with different terminal locations;  
IV) control relays, level relays and timers are of the plug-in type. 

c) Control of pumps shall be by Flygt Aquaview System unit with hardwired back 
up.  The software requirements shall be stated in the Particular Specification. 

d) Pump failure shall be monitored by the Flygt Aquaview System unit with 
hardwired back up. 

e) The Flygt Aquaview System control unit associated expansion cards shall be as 
manufactured by ITT Flygt (now known as ITT Water & Wastewater). These 
shall include LU approved software supplied by LU, and hardware for the 
particular pumping configuration specified. 

f) Ammeters, etc., shall be current transformer operated, so that open circuits do 
not affect pumping. 

g) Only limited numbers of indications will be by hardwired indicating lamps. 

h) Typical drawings shall form part of this Specification and shall indicate the 
preferred method of implementing the hardwire requirements of the design 
philosophy.  The power, control and monitoring equipment and circuit diagrams 
shall be produced by the panel manufacturer based on these drawings. The 
panel manufacturer shall create a logical component and wire identification 
system, and also make reference to the relay contact numbering which shall 
take into account the component functions and the pump numbers within a 
station.  Deviations from the drawings shall only be made with the express 
written permission of the LU Professional Head (Pumps and Drainage). 
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3.6 Control Philosophy – Submersible Pumps 

3.6.1 Each submersible pump shall operate in automatic or manual control mode, selected 
by a switch on the starter compartment door. The switch (which shall have a spring 
return to Automatic) shall have two positions: ‘Hand’ and ‘Automatic’. The ‘Hand’ 
position shall start the pump irrespective of water level in the sump and they shall 
continue to run whilst the switch is in the ‘Hand’ position. The Flygt Aquaview System 
control by-passes the Hand/Automatic selector. When ‘Automatic’ control mode is 
selected, the pump shall be controlled by the hardwired level control relays in the 
starter compartment. 

3.6.2 Under ‘Automatic’ control the normal control for all pumps shall be from the Flygt 
Aquaview System, but hardwired level electrodes and relays within individual pump 
starters shall provide a back-up control system. The back-up shall operate 
automatically. No duty pump changeover is required when the system is in back-up 
mode. 

3.6.3 The Flygt Aquaview System shall have the necessary setting (which is site specific) to 
carry out the following sequence: 

a) On rising sump water level, the Flygt Aquaview System shall start the first duty 
pump at a preset level.  If the level continues to rise the Flygt Aquaview System 
shall start the second and subsequent assist pumps at their respective pre-set 
levels.  The Flygt Aquaview System shall not start pumps simultaneously under 
any circumstances, timed staggered starting shall be provided if the level 
requires more than one pump to start when the Flygt Aquaview System is 
initiated. 

b) The Flygt Aquaview System shall automatically rotate the duty sequence 
through available pumps. 

c) If the level falls then the Flygt Aquaview System shall stop the pumps at their 
respective pre-set levels. 

d) If the level continues to rise above the last duty pump start level, then the ‘Start’ 
electrodes for each pump, which shall be set at different levels for each pump, 
shall be reached.  When the ‘Start’ electrode for a pump is reached, the 
electrode relay changes state and the pump shall start.  It shall continue to run 
until the level falls to its ‘Stop’ level electrode. Each pump shall have a specific 
electrode rod. 

e) When a pump is started by the back-up system the high level alarm shall be 
initiated. 

 
3.6.4 A test button shall be provided for each pump to simulate the water level reaching the 

‘Start’ electrode. 

3.7 Monitoring Philosophy – Submersible Pumps 

3.7.1 The monitoring philosophy shall be determined by what software version is required in 
the Particular Specification. In addition, selected alarms and signals shall be provided 
to the Station Supervisors Alarm Panel and to the Flygt Aquaview System telemetry 
central server and these will also be identified and approved by the LU Professional 
Head (Pumps and Drainage) or his delegate. 
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3.8 Power Supplies 

3.8.1 It should be noted that the Normal (LU) power supply is subject to large fluctuations 
and spikes.  Where sensitive electrical equipment is used precautions should be taken 
to prevent damage occurring. The voltage has been known to drop to 200v AC. 

3.8.2 Under normal circumstances Critical Site Control Panels are fed from a dual power 
supply source.  These are derived from the Normal (known as the LU) supply and 
local public electricity supply (known as the Emergency). The requirement for a 
particular project will be identified in the Particular Specification.  However, automatic 
changeover contactors, monitoring equipment and distribution MCB’s would normally 
form part of the critical site panel requirements. 

3.8.3 Unless specified otherwise in the Particular Specification, the basic requirements for 
dual supplies is that in the event of any phase failure, under voltage or total failure of 
the Normal supply, a relay will automatically switch to the Emergency (stand-by) 
supply.  The control circuit shall be designed to tolerate the interruption caused by the 
supply changeover. The supply shall automatically revert to the Normal supply when it 
is restored. 

3.9 Station Alarms 

3.9.1 Under normal circumstances, alarm signals are required to an alarm box installed in 
the Managers office. These shall comprise two volt-free signals identified as follows: 

a) ‘Pump System Failure’ – incorporating contacts from mains failure relays and 
starter cut-outs wired in parallel to terminals. 

b) ‘Common High Level’ – comprising signals from each High Level Alarm relay 
provided in the control panel and wired in parallel to terminals. 
 

 Other alarm signals may be identified by the Engineer and detailed in the Particular 
Specification. 

3.10 Test Condition 

3.10.1 Pressing the following test buttons shall cause the following to happen: 

 ‘Sump High Level Test Button’ 
a) Initiate a pumping cycle as though the liquid had reached the pump ‘Start’ level. 
b) Cause the pump to continue pumping until the normal ‘Stop’ level is reached. 
c) The system shall then revert to ‘Automatic’ control. 

 

3.11 Works Tests and Site Commissioning 

3.11.1 The control panels shall be subject to a full test at the control panel manufacturer's 
works, (witnessed by LU’s appointed commissioning engineer if identified in the 
Particular Specification), during which all possible operating, fault, control, alarm, 
monitoring and interface signals shall be tested. This test shall include SCADA 
communications and signals (see section 3.12). The panel manufacturer shall include 
for all costs for this and allow sufficient time in the Contract programme. 

3.11.2 The control panels shall be tested and commissioned on site by LU’s appointed 
commissioning engineer. This will include the setting up and subsequent adjustment 
(if necessary) of all set points, limits, etc., both in the Flygt Aquaview System and 
instrumentation hardware, including level electrodes/level transmitters, etc., 
verification of actual levels and flows against signals and indications; verification of all 
input and output signals, digital and analogue, for accuracy and repeatability; setting 
of hardware timer and other adjustable settings, and all other work necessary for the 
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safe, reliable and efficient operation of the complete system.  All values shall be 
recorded for the Flygt Aquaview System programme to enable future reinstallation and 
for the site Operation & Maintenance Manual if necessary.  The testing and 
commissioning will be discontinuous and the Contractor must include for all costs of 
this, and allow sufficient time in the Contract programme. 

3.11.3 If required by the Particular Specification, the control panel manufacturer shall provide 
the services of an engineer for retesting the panel on site.  This work will be carried 
out in conjunction with the LU appointed commissioning engineer. 

3.11.4 The testing and commissioning shall include all work necessary for the safe, reliable 
and efficient operation of the complete system. 

3.12 SCADA 

3.12.1 LU have adopted the Flygt Aquaview System as the medium for remote control & data 
acquisition for all pumping systems that are installed on the LU infrastructure 
maintained by LU. Therefore, all modernised, new or upgraded pumping installations 
which involve a new pump control system must have the necessary hardware and 
software to facilitate full SCADA communication with the Flygt Aquaview System. 

3.12.2 When a Factory Acceptance Test (FAT) is carried out, it must demonstrate that the 
new control system has the necessary SCADA communication with the Flygt 
Aquaview System before acceptance. For further information about this requirement, 
contact must be made with the department who will be maintaining the panel after the 
Site Acceptance Test (SATS), as the SCADA communication needs to be tested with 
the maintainer’s system. 

3.12.3 The minimum signals that need to be sent and received are: 

 Critical Pumping Station 
a) Level 
b) Inflow 
c) Pump runtime 
d) Pump starts 
e) Pump current 
f) Voltage (each phase)  
g) Remote control 
h) Alarms (as specified in the Particular Specification from the following list): 

(0001) High level 
(0002) Low level 
(0003) Mains error 
(0004) High level float 
(0005) Personal alarm 
(0006) Intruder 
(0007) Extra alarm 1 
(0008) Extra alarm 2 
(0009) Extra alarm 3 
(0010) Extra alarm 4 
(0011) Tripped motor protector P1 
(0012) Tripped motor protector P2 
(0013) Tripped motor protector P3 
(0015) High current P1 
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