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1.1 Document Revision Information
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Author

Description of Change /
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Draft 2
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Updates and additions

Draft 4

30/04/04

S Duncan

Additions and revisions

1.2 References
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Swordfish safety data sheets
Powergen UK PLC Gas analysis report
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External References:
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recommended that guidance contained within them be used to compliment local
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D
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HS (G) 139: The safe use of compressed gasses in welding, flame cutting and
allied processes. (1997)
HS (G) 65: Successful Health and Safety Management (1997)
HS (G) 118: Electrical safety in arc welding (1994)
HS (G) 107: Maintaining portable and transportable electrical equipment
(1994)
EH 40: Occupational Exposure Limits (2004)
IND (G) 363: Noise at work – A guide for employees
IND (G) 258: Safe work in confined spaces
IMCA – AODC 035 – Code of Practice for Safe Use of Electricity Underwater
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Section 2 Project Background
2.1 Introduction
There have been a number of fatalities and incidents involving underwater cutting
equipment in the Off Shore Industry. Shell UK is therefore investigating an
alternative to the existing techniques and cutting equipments currently being
employed. One alternative that has been identified is Swordfish, a non-exothermic
Iron Oxide Cutting Electrode, developed by Speciality Welds. The electrodes have
been developed to cut ferrous and non ferrous materials both on the surface and
underwater. The electrodes do not use externally supplied oxygen in the cutting
process. Elimination of oxygen is accepted as a primary controlling factor in the
reduction of risk. Removing oxygen from the cutting process suggests a reduction in
the risk of underwater explosion from oxygen build-up.
Consequently, this
evaluation has been instigated by Shell UK to formally evaluate the performance of
the Swordfish Iron Oxide Cutting Electrode.

2.2 Objective
The aim of the evaluation is to conduct an independent and unbiased assessment of
Swordfish and the associated ancillary equipment required for its operation. The
evaluation will therefore provide conclusions, but will not make overall
recommendations.
Independent expert analysis of both the associated hazards, and the implications of
the results from the gas analysis tests conducted during the evaluation, are
provided at Annex A.

2.3 Overview
The evaluation consisted of four phases, which are defined in the project plan. The
evaluation phases encompassed two key practical areas;
Phase 2, which was the initial surface cutting phase and included a Training Needs
Analysis.
Phase 3, the controlled shallow water phase, which included the collection of gas
emissions.
Each phase included a range of test materials, addressed by divers with varying
degrees of cutting experience. This included divers with no experience of
underwater cutting to those of coded hyperbaric industry standards.
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Section 3 Management Plan
3.1 Plan the Project
As a consequence of Stage 1 it was planned to conduct the evaluation over four
progressive phases:
•

Phase 1 – Project Scoping and Planning

•

Phase 2 – Surface Evaluation and Identification of Training Requirements

•

Phase 3 – In Water Evaluation 0 – 10M

•

Phase 4 – Quality Control – Collation and Summary of Feedback / Reports

Each phase is expanded upon in paragraph 3.2.

3.1.1

Project Safety
INTRODUCTION
The evaluation is being conducted as a consequence of an unacceptable number of
world-wide underwater cutting accidents. The accidents have resulted in the injury
and death of employees, and had a significant economic impact upon the
businesses involved. The economic impact to the organisations involved, has
encompassed the following indirect costs:
•

The loss of production and business interruption

•

Investigation and administration costs

•

Insurance and litigation costs

•

Damaged plant and materials

•

Lost time of injured employees

•

Time of associated and investigating employees

•

Poor employee morale

In maintaining their strategic approach to risk management, and their on-going
commitment to controlling hazards and reducing risks to which their employees are
exposed, Shell UK have therefore commissioned this evaluation of the Swordfish
Iron-Oxide Cutting Electrode.
The project has been commissioned to assess the electrode as an alternative
underwater cutting option, and to specifically consider the safety aspects of such
technology. Direct comparison testing against alternative and comparable industry
cutting equipments has not been directly conducted.

© Shell – May 2004
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METHODOLOGY
The concept of structuring the evaluation over four phases providing a progressive
approach, was a deliberate safety decision made during the initial planning phase.
Conducting the evaluation in such a way provided an initial introduction to the
equipment and allowed a thorough analysis of the equipment in a controlled surface
environment, before progressing to the in-water evaluation. This provided an insight
into the requirements for the underwater phase. It will also allow enhanced control
throughout subsequently more challenging environments, should further evaluation
be required.
The four phases of the evaluation are documented throughout this report, and
involved or resulted in the following safety considerations:
1.

Initial Risk Assessment of manufacturer’s equipment and recommended
operating procedures.

2.

Identification of all available technical specifications relating to the equipment

3.

Training Needs Analysis of equipment and procedures, to identify safety
issues and training requirements associated with the delivery of training
during the evaluation

4.

Identification of administrative and organisational processes to maintain
effective future control of identified hazards

5.

Provision of practical results and Quality Control assessments

Amplifying information reflecting recommended operating procedures and safety
checks can be located within the Swordfish User Manual.
Complimentary safety information and amplifying reports are contained within the
Annexes.

3.1.2

Risk Assessment
Risk Assessment is a much used term throughout industry. Within the scope of this
evaluation, the Risk Assessment was employed as a part of the overall hazard
reduction process. In order to clarify what the evaluation intended to achieve and
provide some formal structure to the practical day to day conduct of business, it is
necessary to primarily highlight the administrative aspects of the Risk Assessment,
which were:
•

Identify the hazards,

•

Formulate a control strategy and document it,

•

Identify and provide the required training for those personnel exposed to the
arising risks,

•

Review of the hazards and controls in place.

The practical conduct of the Risk Assessment intentionally involved both the divers
and the supervisors simultaneously. The aim of doing this was to move away from
the tick-list mentality and raise awareness of the process and identify risks from
both perspectives. The process also highlighted the fact that the risk assessment
process is a subjective one and is dependant on the experience, skill, knowledge,
training and attitude of the individuals conducting it.

© Shell – May 2004
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An example Risk Assessment format is illustrated overleaf. It is emphasised that the
example Risk Assessment is task specific and is provided purely as an example
format. It does not consider the associated risks, such as diving and environmental
factors, which should be assessed independently as a part of the overall Operational
Risk Assessment.

© Shell – May 2004
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RISK ASSESSMENT
Assessment No:

PMT 023-Sh ABC

Revision No:

Original

Date:

14/10/2003

Defence Diving School
Underwater Non-exothermic Iron Oxide Electrode Cutting of Pipeline

Personnel Conducting Assessment: (Specifically Named)

Project Manager, Shell Representative, Health and Safety Advisor, Diving Supervisor, Divers.

Hazard Impact / Effect /
Consequence

Action
Who / When

Hazards

Residual Risk

Activity / Event

Uncompensated
Risk Value

Location:
Description of Event:

Hazard
Probability

Shell UK / ABC / 123

Hazard Severity

Project:

10

Consult plans and diagrams prior to
operation
Confirm with ROV, hat camera and
diver prior to cutting

4

Sup
in
plans
prior
to cut

20

Remove all corrosion, wrappings and
marine growth from area to be cut.

10

Initial cut of target pipeline

Cutting in wrong location

Structural asset damage
Explosion
Diver injury / death

Cutting area with increased
explosive gas content

Gas (methane / Oxygen)
entrapment in pipe / hollows
/ voids

Structural asset damage
Explosion / blow-back
Diver injury / death

Cutting area with no escape
route for gas that is being
released from the process

Gas (methane / Oxygen)
entrapment in pipe / hollows
/ voids

Structural asset damage
Explosion / blow-back
Diver injury / death

5

5

25

Hot cut with Swordfish cutting
electrode

Non-compliance with stated
procedures

Asset damage
Diver injury / death

5

1

5

Hot cut with Swordfish cutting
electrode

Inexperience / incompetence
of diver for Swordfish cutting
operations

Asset damage
Diver injury / death

5

2

5

Overhead Hot cut with

Molten slag / molten material

Equipment damage

4

3

12
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5

2

5

4

Risk Reduction / Mitigation
Measures

Provide ventilation / gas escape
points at top of area to be cut.
Monitor gas release during the
process
Cut from highest point downwards
Cold cutting is primary option, with
Swordfish as a contingency
Confirm competence and currency of
diver qualification in equipment
Provide adequate information,
instruction, training and supervision
Allow time for proofing on test-pieces
Avoid overhead cutting. Ensure good

10

3

5

5
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Swordfish cutting electrode

falling onto diver / diving
equipment

Diver injury

Hot cut with Swordfish cutting
electrode

Electricity

Electric shock
Diver injury / burns /
death

5

3

15

Hot cut with Swordfish cutting
electrode

Equipment failure

Asset damage
Diver injury / death

5

2

10
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umbilical management and
housekeeping
Diver to clean an area forward of the
cut, and secure the earthing clamp.
At no stage should diver position
himself between the work-piece and
earth clamp.
Ensure all plant and equipment is
certified and maintained in
accordance with planned
maintenance programme.
Conduct pre-use and function tests
top side prior to deployment

Action
Who / When

Risk Reduction / Mitigation
Measures

Residual Risk

Hazard Impact / Effect /
Consequence

Uncompensated
Risk Value

Hazards

Hazard
Probability

Activity / Event

Section 3
Management Plan
Hazard Severity
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RISK MATRIX CHART
5 – Almost Certain

PROBABILITY

4 – Very Likely

3 – Likely

2 – Unlikely

1 – Improbable
1
Negligible

2
Slight

3
Moderate

4
High

5
Very High

SEVERITY
KEY
High Risk
Medium Risk
Low Risk

© Shell – May 2004
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Technical Specifications and Calculations
Technical Specifications and calculations are contained within the following
documents:
1.

Materials Health Safety Environmental Data Sheet (CEE/91/155)

2.

Gas Analysis Procedure and Results

GAS ANALYSIS
An independent analysis of gas emissions was conducted by Powergen UK PLC. A
gas chromatographic method was employed for the analysis. The technique is
already employed for the quantification of gases in transformer Buscholz relay
samples and is based upon BS EN 60567:1993.
The Sample input line and injection loop of the gas chromatograph can be
excavated to remove any contaminating air, prior to the gas sample being extracted
from the surrounding air. A pressure of gas can then be injected into the
chromatograph and an analysis of the gas performed. The advantage of this system
is that it allows trace as well as major concentrations of gases to be determined.
The gases that will be determined are hydrogen, oxygen, nitrogen, carbon
monoxide, carbon dioxide, methane, ethane, ethylene and acetylene. Typical
detection limits achieved are 0.05% v/v for the carbon oxides, 0.01% v/v for
hydrogen and oxygen, 0.005% v/v for the hydro carbon gases.
GAS S AMPLING
Gas samples from transformer Buchholz relays are normally collected in Haldane
tubes. Bearing in mind that the gas sample has to be collected under water, this
method was thought to be impractical. Therefore, laboratory tests have been
performed to find a suitable sampling system for this application.
The primary requirements for the sampling system were that it must:
•

be leak tight to prevent any loss of gas or air ingress;

•

be inert so that the integrity of the sample is not compromised;

•

be compatible with the analysis equipment so that the sample can be
extracted without any significant contamination or losses;

•

be suitable for use under water.

The method proposed for the underwater collection of the gas sample, was by
displacement of the water in an upturned 130 ml amber Winchester bottle, the gas
sample being contained in the bottle by use of screw on septum cap.
Tests showed by careful filling and capping of the sample, the residual water left in
the bottle was likely to be 0.5 to 1 ml (it is preferable to minimise the amount of
water present in the sample to reduce the gas losses due to water solubility.)
Recovery tests have shown that both carbon dioxide and acetylene are reasonably
soluble in water and therefore these gases will be diminished in the gas phase. The
tests have shown a reduction of about 13% is typical. The other gases to be
analysed are much less water soluble and no significant reduction in concentration is
expected.
The reported results are not corrected for any losses due to the solubility of the
gases in the water contained within the sample.

© Shell – May 2004
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DEPTH / VOLTAGE RELATIONSHIP
The evaluation determined that there is a voltage drop in relation to the lengthening
of electric cable supplying power to the electrode holder (stinger). This obviously
became a consideration in scenarios where the diver was operating at depth. The
formula employed to calculate the voltage reduction of the cable was as follows:
V=
V

KxMxI
(CSA)mm

2

= Volts

K = Constant (0.017)
M = Meters of cable
I = Current
CSA

3.1.4

= cross Sectional Area in mm2

Training Needs Analysis
The Health and Safety at Work Act 1974 sets out the duty to provide Information,
Instruction, Training and Supervision on workplace health and safety, and the work
method so far as it affects the safety of the individual. The requirement to provide
training is also explicit in many sets of subordinate legislation such as the
Management of Health and Safety at Work Regulations 1999.
The requirement for training is particularly relevant in relation to this evaluation,
when considering the following three factors:
1.

The equipment is a new concept

2.

The operators / divers using the equipment are from a diverse background,
with varying degrees of experience

3.

Consistency of approach is essential in order to ensure credible evaluation
results

A bespoke training programme was designed and delivered, adopting a sequential
approach. The initial analysis was based upon the following factors:
•

Safety

•

Personnel

•

Timings

•

Resources / Logistics

•

The Swordfish Equipment

•

Costs

•

Documentation

Each phase of the evaluation then consisted of a generic training programme based
upon the original Training Needs Analysis. The programmes are contained at the
end of each phase report, and the Quality Control and collated results are within the
Conclusion to this report.

© Shell – May 2004

13 of 93

Evaluation Report of Swordfish Iron Oxide Cutting Electrode

Section 3
Management Plan

3.2 Implement the Project
3.2.1

Phase 1 – Project Scoping and Planning
A series of meetings were conducted involving the following organisations:
•

Shell / BP

•

Subsea7

•

Specialist Subsea Engineering Ltd

•

Topman Engineering

•

Defence Diving School (Royal Navy)

•

Mr Andrew Pettitt (PhD - Underwater Explosions)

•

Miss J Farthing (MSc – Marine Biologist)

As a result of these meetings it was decided to conduct a training needs analysis.
This analysis identified the requirements necessary to carry out the evaluation. The
results of which were as follows:
•

A progressively staged evaluation programme

•

Induction and training requirements

•

Provision of manpower

•

Resources

•

Safety issues

•

Logistics

•

Supporting documentation

•

Quality control

•

Final report

Further detailed meetings were held to identify the project objectives, milestones
and logistics, which were as follows:
1.

Objectives:
Develop Evaluation Plan

© Shell – May 2004

a.

Co-ordinate Logistics

b.

Produce 1.5 - 2 day Training & Evaluation Programme

c.

Collate all Associated Documentation / Data – Technical Author

d.

Produce, Develop and Deliver Photographs to Graphical Designer
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Milestones
Phase 1 Project Scoping and Planning – 10 October 2003
Phase 2 Surface Evaluation – 24, 25 October 2003
Phase 3 Shallow Water Evaluation – 20, 21, 22 February 2003
Phase 4 Quality Control Measures – Collation and summary of feedback

3.

Logistics
a.

b.

c.

Speciality Welds supplied:
Ø

Swordfish and all associated equipment for the duration of the
evaluation.

Ø

Technical Consultancy

Specialist Subsea Engineering Ltd supplied:
Ø

Water Space for Phases 3

Ø

Diving equipment and supervision

Ø

Safety equipment

Ø

Test Pieces for Evaluation - Surface and Subsurface

PMT (South) Ltd provided:
Ø

Training Analysis

Ø

Training Delivery

Ø

Training Documentation

Ø

Graphical Support

Ø

Feedback / Evaluation Findings

Specialist Subsea Engineering and Subsea7 supplied five divers for phase 3 of the
project, who conducted surface and subsurface cutting on an assortment of metals
using a variety of cuts. On completion of each day they were required to complete
a post phase discussion and complete a written questionnaire recording their
findings on completion of the assessment.
ACCOMMODATION
Accommodation was made available for those attending phases 2-3 as required.
T RANSPORTATION
Specialist Subsea Engineering Limited supplied transport for the duration of phase
three.
CATERING
Lunch and beverages were provided by Specialist Subsea during the day. Evening
meals were taken at respective accommodation

© Shell – May 2004
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Phase 2 – Surface Evaluation and Identification of Training
Requirements
The purpose of this phase was to:
1.

Identify any safety implications.

2.

Establish a safe system of work.

3.

Conduct initial evaluation of the cutting electrode in the surface mode against
various materials and test pieces.

4.

Determine suitable test pieces for phase 3.

5.

Establish a training programme for subsequent phases of the evaluation.

S EQUENCE OF EVENTS:
Saturday 24th / 25th October, Phase 2 took place as planned. Specialist Subsea
covered the rationale behind the evaluation, covering introductions and necessary
safety issues in the opening brief. The evaluation commenced by ensuring all safety
guidelines were addressed prior to investigating Swordfish and its associated
equipment in detail.
•

© Shell – May 2004

Safety:
♦

Manufacturers instructions were followed, however to ensure safe
practice was observed a user manual had to be written prior to any
official evaluation

♦

Internal and External references were consulted prior to
commencement (See page 3 of this report for details)

♦

If being transported safety data sheets should be made available for
drivers and loading personnel

♦

COSHH: During surface use, emissions from the electrode must be
controlled, this can be achieved by: natural venting, local exhaust
ventilation, the use of personal protective equipment or a combination
of the above

♦

Nearest medical assistance was ascertained prior to commencement of
phase 2

♦

All personnel involved were briefed on the dangers of welding arcs, eye
protection and full Personal Protective Equipment was provided and its
use mandated

•

Electrode should be changed when power is off – a knife switch should be
incorporated into the circuit to ensure electrical safety protocols.

•

Swordfish equipment:
♦

Generator (Electric)

♦

Positive and Negative Cables

♦

Earthing clamp

♦

Stinger

♦

Iron Oxide Cutting Electrodes (Rod) Size / Range recorded on box
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Ø

5.0 mm with a range of 290 - 390 Amps

Ø

4.0 mm with a range of 200 - 350 Amps
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Transportation
Swordfish has no travelling restrictions regarding Road, Air, Sea or Rail,
however when being transported the safety data sheets should be made
available for drivers and loading personnel. Generators and cables are readily
obtained world wide, therefore the only components required when travelling
are the stinger (electrode holder) and the electrodes themselves. Utilising an
electric welding generator allows easy transportation by road.

•

Storage of Swordfish:
Swordfish iron oxide cutting electrodes come in packages of approximately 40
rods and are available in 2 sizes; 4mm and 5mm.

•

•

♦

Swordfish should be stored in a dry environment, preferably in a sealed
box.

♦

Once wet the electrode can be used for up to 12 Hours.

♦

Batch numbers should be recorded to ensure early to late numbers are
used in order of manufacture, this prevents shelf life being expended.

Unpacking Swordfish:
♦

Packaging was checked for damage prior to use (Damaged electrodes
would have been discarded).

♦

Batch numbers were recorded.

Swordfish Equipment Set-up:
The equipment is made up of simple components which were easy to prepare
and assemble. The cutting electrode itself is set up as for any other welding
rod, which uses an appropriate holder; in this case a purpose built holder
named ‘Stinger’.

•

On Site Risk Assessment:
Prior to use, the test pieces were checked for any loose materials or coatings
to ensure that only the target was on trial.

•

© Shell – May 2004

♦

Surrounding areas and adjacent buildings were checked for fuel stores
and other flammable materials.

♦

Personal Protective Equipment was made available for personnel
directly involved in the cutting evolutions and for others observing.

♦

Area for cutting exercises was well ventilated and controlled.

♦

Electrical leads and welding leads were checked for integrity prior to
use.

♦

Earthing clamp was checked for operation / wear and tear.

♦

A voltage check was carried out on the welding generator to ensure no
fluctuation was encountered during cutting exercises.

♦

Fire extinguishers were on site.

♦

Water cooling tank was on site for test pieces.

Pre-use Routine:
♦

A risk assessment was carried out

♦

Suitable generator was utilised and in a good position
17 of 93
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♦

Cables were checked for integrity and laid out ready for use

♦

Personal protective equipment was donned by all personnel involved

♦

Test pieces were suitable for cutting and free of debris (Diver cutting
risk assessment required prior to any underwater cutting due to the
various factors that may contribute to explosions. This had to be
developed prior to phase 3)

♦

Test pieces were earthed effectively

♦

Generator supply could be isolated when changing electrodes

Swordfish – surface operation:
A wide range of materials were used to provide an in depth evaluation
surrounding the performance of Swordfish. The materials used in phase 2
were as follows:

•

•

© Shell – May 2004

♦

8 mm mild steel pipe: initially 5.0 mm electrodes were used for this test
and on average a distance of 150mm was cut. The electrodes lasted
approximately 1 minute

♦

13 mm stainless steel

♦

50 mm mild steel

♦

10 mm Phosphorous Bronze

♦

Cast iron exhaust manifold

♦

Aluminium 8 mm plate and 20 mm block

Cutting techniques carried out:
♦

Drag

♦

Oscillation

♦

Step-Forward

Phase 2 Agenda – The following pages indicate the programme for Phase 2.
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Swordfish Iron Oxide Cutting Electrode Evaluation
(Evaluation Phase 2 - Surface Cutting)
AGENDA
DAY 1

Presenter

0900

Meet & Greet – Tea / Coffee

All

0915

Welcome & General Safety Brief / Evaluation Agenda &
Objectives (Scenarios / Test Cuts)

Specialist Subsea

0945

Swordfish Transportation, Storage & Equipment
Ensemble

Specialist Subsea

1015

Swordfish Uses / Limitations

Specialist Subsea

1030

Tea / Coffee

All

1100

Cutting Safety Awareness

Specialist Subsea

1140

Pre-use Routines / Preparations (including test pieces)

Specialist Subsea

1200

Lunch

All

1300

Swordfish Surface Demonstration

Specialist Subsea

1340

Photographs and data collection

PMT South Ltd

1420

After Use Routines

Specialist Subsea

1510

Tea / Coffee

All

1530

Trouble Shooting Procedures

Specialist Subsea

1550

Maintenance Routines

Specialist Subsea

1630

Questions & Findings – QC Reports

All involved

1730

Close

© Shell – May 2004
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Swordfish Iron Oxide Cutting Electrode Evaluation
(Evaluation Phase 2 - Surface Cutting)
AGENDA
DAY 2

Presenter

0900

Tea / Coffee

All

0915

Safety Brief - Student Setting Up And Pre-Use Routines

Specialist Subsea

0940

Initial Cuts / Scenario Testing

Specialist Subsea

1030

Tea / Coffee

All

1045

Continuation of Scenario Testing

Specialist Subsea

1200

After Use Routines & Stowing of Equipment

Specialist Subsea

1230

Lunch

Specialist Subsea

1330

Questions & Findings – QC Reports

Specialist Subsea

1430

Phase 2 Complete

© Shell – May 2004
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Phase 3 – In Water Evaluation 0 – 10M
Phase 3 was conducted at the Defence Diving School, Portsmouth, over the 20, 21,
22 February 2004. This site was selected because it offered an enclosed and
controlled environment, with sea water to replicate operational conditions when
considering the salinity and solubility aspects of the gas analysis. The maximum
depth did not exceed 10M ensuring development of the staged progression from
phase 2, and allowing developmental control for any subsequently more challenging
in-water phases.
Representatives from Shell UK, BP, Subsea 7, the Health and Safety Executive (Off
Shore Division), Falmouth Divers (AODC) and Specialist Subsea Engineering
attended the evaluation at the Defence Diving School.
All of the above parties and the divers were represented at an initial meeting which
provided an overview of the evaluation, before conducting a Level 2 Risk
Assessment. The risk assessment was concerned with all aspects of the conduct of
the evaluation dives, but focused primarily upon the arrangements for gas
collection.
Concurrently the remaining divers were preparing the dive site and cutting
equipment. The divers also received thorough safety and operating briefings from
Specialist Subsea engineering staff, which reflected the protocols within the user
manual. This ensured that the procedures employed during this phase were
consistent with those used during the surface evaluation of Phase 2, providing
consistency throughout.
The gas emitted from the Swordfish electrodes was collected via a purpose built
collection sump that was fitted with two layers of spark arresting filters. The filters
not only prevented ignition of the gas within the sample collection vessel, but
prevented solid debris rising in the gas column and contaminating the gas sample.
The results from the Gas Analysis are at Annex D.
The test pieces were controlled and measured throughout by the project engineer,
as was the gas collection and recording. Initial feedback is demonstrated in the
table and comments below.

Dive
No.

Diver

Test Piece

Water
depth

Amps

Gen
Type

Gen
Settings

Leads

O’leary

5mm
Rod
Batch
010031

01

TP01

5msw

Inverter

N/A

Long

Tripney
Julian
O’leary

010031
010031
010031

TP01
TP07
TP07 / 8

5msw
5msw
5msw

Various
(Set Up)
375
375
375

02
03
04

DC Genset
DC Genset
DC Genset

Gouging / Cellulose
Gouging / Basic
Welding / Basic

Long
Short
Short

Notes:
Dive 01:
Starting at 305amps increasing to 370 (max), cutting not effective. Diver changed
over to Gen Set at max power (375amps), cutting easier but still difficult.
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Dive 02:
Using Genset from start, changed polarity to positive electrode & basic settings,
cutting OK but not good.
Dive 03:
Using Genset from start, as 02, cutting erratic
Dive 04:
Using Genset from start, as 02, cutting well but diver feels more power is required.

3.2.4

Project Engineer Summary
Swordfish rods are more than capable of performing heavy wall cuts, however the
correct power supply & amount is critical to the success of the operation, it is felt
the technique will benefit from use in the field where these nuances will be
doubtless evaluated & resolved. As a starting point, I recommend a 500amp genset
capable of 400amps constant duty cycle for 5mm rods.
4mm rods will doubtless be less demanding on power consumption; however these
were not available for evaluation.

3.2.5

Phase 4 – Quality Control – Collation and Summary of
Feedback/Reports
Quality control procedures were implemented to provide the customer with accurate
feedback on the effectiveness of the evaluation process. The information acquired
was analysed and utilised to identify any trends and improvements that could be
addressed, prior to subsequent phases.
The approach employed to accomplish this was to conduct a verbal discussion with
all operators on completion of each days training and usage. The findings from the
group discussions were confirmed with individual operators, by the completion of a
bespoke questionnaire at the end of each phase. The documents were only issued
to personnel directly involved at phases 2 and 3, which focused on the operating
procedures for Swordfish.
A Synopsis of Phases 2 & 3 feedback is illustrated overleaf.
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Phase 2 - Surface Cutting (5 Persons) Quality Control Questionnaire Feedback
Analysis:
Introduction & Administration
Joining Instructions

Excellent

Good

Satisfactory

Unsatisfactory

Satisfactory

Unsatisfactory

NA

Course Programme

5

Induction & Initial Safety Brief

3

2

Aim of the Evaluation Explained

3

2

Expectations / Needs Met

3

2

Excellent

Good

Structure of Information

2

3

Method of Delivery

2

3

Understanding of Material

1

4

No additional comments were provided
Information Delivery / Facilities

Suitability of Environment

3

2

One person commented that, “It was good to be kept informed of all goings on.”
Instruction on Swordfish

Excellent

Good

Safety Information

2

3

Technical Data

1

4

Storage & Transportation

3

2

Set-up Routines

2

3

Pre-Use Routines

2

3

Operating Procedures

2

3

After Use Routines

4

1

Satisfactory

Unsatisfactory

Satisfactory

Unsatisfactory

2 people commented that they found Swordfish “easy to set-up”.
1 person mentioned that they thought “Swordfish was well made”.
Swordfish Operation (Surface)

Excellent

Good

Ease of Set-up

3

2

Confidence in Safety Procedures

4

1

Practical Scenarios / Exercises
Effectiveness of Swordfish

3
1

Efficiency of Swordfish
Confidence in Operating Swordfish

4
3

2

2

2

3

2 of the less experienced attendees thought that “Swordfish was very effective on the surface but wanted to see
how it performed in the water”.
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Excellent

Good

2

3

Mechanical Servicing (strip down)

5

Planned Maintenance

2

Confidence in Maintenance Skills

2

3

Excellent

Good

Satisfactory

Unsatisfactory

3

No additional comments were provided
Trouble Shooting Procedure
Identifying the Fault
Swordfish Tool Kit

Satisfactory

Unsatisfactory

Satisfactory

Unsatisfactory

5
NA

Ordering of Parts

5

No additional comments were provided
Overall Evaluation

Excellent

Good

Confidence in Overall Performance

5

Confidence in Operational Capability

3

Ease of Maint / Trouble Shooting

5

2

1 person stated that “with no cutting experience at all they found swordfish easy to use.”

Phase 3 – Sub-Surface Cutting (7 Persons) Quality Control Questionnaire Feedback
Analysis:
Introduction & Administration

Excellent

Good

Satisfactory

Joining Instructions

2

2

Course Programme

2

5

Induction & Initial Safety Brief

4

3

Aim of the Evaluation Explained

3

4

Expectations / Needs Met

2

4

1

Excellent

Good

Satisfactory

Structure of Information

3

4

Method of Delivery

4

3

Understanding of Material

3

4

Suitability of Environment

6

1

Unsatisfactory

1 person stated that they didn’t receive any joining instructions
Information Delivery / Facilities

Unsatisfactory

1 person said that “they were kept well up to date at all times as to what was going on & facilities were excellent.”
Another person stated that they “received good briefings from the staff involved.”
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Excellent

Good

Satisfactory

Safety Information

2

2

2

Technical Data

1

4

1

Storage & Transportation

1

4

Set-up Routines

2

3

1

Pre-Use Routines

2

3

1

Operating Procedures

2

3

1

After Use Routines

1

4

1

Unsatisfactory

1 person commented that they “found Swordfish easy to set-up, they thought it was well made and maintained”
Swordfish Operation (Surface)

Excellent

Good

Satisfactory

Ease of Set-up

4

3

Confidence in Safety Procedures

2

5

Practical Scenarios / Exercises

6

1

Effectiveness of Swordfish

5

1

1

Efficiency of Swordfish

1

4

2

Confidence in Operating Swordfish

4

2

1

Unsatisfactory

2 people commented on “how well Swordfish worked on the surface”
Swordfish Operation (Wet)

Excellent

Good

Ease of Set-up

3

2

Confidence in Safety Procedures

1

4

Practical Scenarios / Exercises

1

4

Effectiveness of Swordfish

1

Efficiency of Swordfish
Confidence in Operating Swordfish

1

2

Satisfactory

Unsatisfactory

3

1

4

1

2

2 of the 7 Divers did not dive
3 Divers said “they would have liked to have practiced the cutting technique more on the surface as well as wet”
2 of the Divers said that “by adjusting the plant may have produced better results”
Swordfish Maintenance

Excellent

Good

Satisfactory

Cleaning Procedures

1

3

1

Mechanical Servicing (strip down)

1

3

1

Planned Maintenance

1

2

1

Confidence in Maintenance Skills

2

2

1

Unsatisfactory

2 Divers did not cover the maintenance
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Good

Satisfactory

3

1

Identifying the Fault
Swordfish Tool Kit

Unsatisfactory

2

Ordering of Parts

2

1

Some of the attendees did not cover this section so did not comment
Overall Evaluation

Excellent

Good

Satisfactory

Confidence in Overall Performance

1

4

2

Confidence in Operational Capability

1

4

2

Ease of Maint / Trouble Shooting

2

2

1

Unsatisfactory

1 Diver said they were “impressed with the ease of setting up, however more experience was needed sub-sea to
master an effective technique.”
Another Diver mentioned that they “did not have enough experience on the surface or in-water with the product”

In addition to the feedback illustrated above for Phase 2 personnel were also asked
to comment on:
•

•

•
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What went well:
♦

Surface burning

♦

Vertical cuts appeared to be easier than horizontal

♦

Gas collection

♦

Risk analysis, plenty of input, diving operation ran smoothly

♦

No breakdowns

♦

Just about everything, even the problems were educational

♦

Seemed to cut well when burning but often lost the arc

What did not go well:
♦

More emphasis required on surface technique

♦

Horizontal runs underwater

♦

Arcing underwater

♦

Sub-sea maintaining an arc on thin material

♦

On thick material, slag build up hindered cutting

What could be done to improve any future evaluations:
♦

More hands on experience to develop technique in water

♦

Camera located on work bench

♦

Possibly look at a less complex welding plant

♦

More time

♦

Knowledge of amp loss due to cable length, diver believed that if 400
amps was supplied burning would improve

♦

More time in water cutting
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3.3 Conclusions
The evaluation has highlighted a number of points specific to Swordfish, and some
further points relating to underwater cutting as a whole. The points are summarised
as follows:

3.3.1

3.3.2

Swordfish Specific Conclusions
•

Swordfish non exothermic cutting electrodes do not require external oxygen
to be introduced to the cutting process

•

The gas analysis results provided by Powergen UK plc confirm that minimal
levels of Oxygen are present in the Swordfish cutting process

•

Elimination of Oxygen from the cutting process will consequently mitigate the
level of risk to which the operator is exposed

•

In addition to the safety advantages offered by the removal of High Pressure
Oxygen, there are further practical and financial advantages for the
contractor. These include the removal of the requirement to transport and
store the Oxygen and the elimination of maintenance requirements for
associated equipments, such as calibration and testing of gauges.

•

The cutting performance of Swordfish is proven to be effective to an in-water
depth of 7 metres

•

The diver feedback from the Quality Control aspect of the trial indicates that
further in-water evaluation is required. This will allow the operators and
support team to become completely familiar with the equipment and the
techniques required.

General Underwater Cutting Conclusions
The following issues have been identified as a consequence of this evaluation, but
are considered to be beyond the scope of this report.
•

Dedicated training of the Swordfish equipment and general cutting principles,
both on the surface and in the water, will enhance the levels of diver
competency and safety.

•

There is documented evidence that Methane is a contributory factor to
underwater explosions. Of particular relevance is the potential for methane to
exist in marine biological growth. (page 38)

•

There are significantly varying standards of cutting competence between
divers within the commercial diving world. This relates to issues such as levels
of training, experience, currency and levels of supervision.

•

All underwater cutting operations would benefit from a lead body mandating
the considerations outlined within this evaluation. Such issues would include
the requirement to address:

♦
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♦

Confirmation of correct target area via plans, diagrams, and local
knowledge, prior to cutting

♦

Visual inspection of target area and surrounding environment to
eliminate possibility of hazards such as, coatings, marine growth, and
rotting vegetation

♦

Elimination of potential gas entrapment areas by cold cutting
ventilation holes, and maintaining hot cutting from the top downwards

♦

Cutting only to be undertaken by competent persons, with the
appropriate level of training, experience, currency and supervision
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EXECUTIVE SUMMARY
As part of the continuing drive to improve Diver Safety, Shell UK have requested that Subsea
7 carry out a technical appraisal of the Swordfish cutting rod. As a consequence, Specialist
Subsea Engineering has been appointed to supervise the technical and operational related
matters of the evaluation.
The reason for such work is related to the known hazards associated with the current and
previous use of conventional cutting rods, generically known as “broco” or ultrathermic rods
which are predominantly used by many commercial diving companies throughout the world
for such cutting operations.
Several references will be made within this document to as yet unpublished work that has
been carried out as part of a research program by the author of this Report (Ref 1). The work
was specifically initiated following the death of Chris Hill a diver working for Stolt Offshore
who was tragically killed whilst carrying out cutting on the Buchan Field. This work is being
written up and will be submitted to the British Defence Academy at the end of 2004 for the
award of Doctor of Philosophy. All data quoted herein from that work program remains the
property of the author. The work was partially funded by Stolt Offshore and supported by the
Health & Safety Executive and the Royal Navy.
The following terms of reference are acknowledged for this Report
•
•
•

Summarise underwater cutting operation hazards
Provide overview of known accidents and fatalities
Comment on gas analysis from Swordfish rod emissions

It should be noted that the author has not seen any of the additional work undertaken by
Specialist Subsea Engineering, other than the results of a gas analysis carried out by
PowerGen plc, and as such only this aspect will be commented on.
Ten separate tests were carried out. Data from test eight was ignored due to apparent
contamination. Initial findings from the gas collection and analysis show that the major
components were hydrogen (76.4%), and carbon monoxide(15.6%), with minor traces of
nitrogen, oxygen (0.65%), methane, acetylene, ethylene and ethane.
Such low quantities of free oxygen greatly reduce associated risks of gaseous explosions
underwater, such as those associated with “broco” rods, as such Swordfish potentially offers
significant advantages for underwater cutting, such as that associated with decommissioning
projects.
Swordfish tests at this stage show great potential for the concept to replace “broco” rods and
eliminate the explosion hazard seen to date.
The caveat to the above comments assume that oxygen is not added from another independent
source, and also does not take into consideration the recently identified risk of methane (again
in the presence of oxygen) which has been found to greatly increase the explosive risk and
terminal effects if present and ignited.
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1.0 TECHNICAL DISCUSSION
1.1 Underwater Cutting Operations
Commercial diving is a uniquely hazardous occupation. Both the underwater environment
and the often-complex procedures necessary to carry out work assignments can present
serious hazards to the divers safety and health. The environment that the diver works in
presents a major challenge not only to the physiological needs of the man himself, but also the
equipment that is used to keep the diver alive at the depths now worked by saturation divers,
typically 100 metres, but often deeper as the frontiers of oil exploration extend to more
challenging parts of the world.
One aspect of the divers underwater workplace that poses a constant threat is that of
pressure. The increased pressure during descent causes breathing gas to be absorbed into
the body tissue at a higher rate than occurs on the surface. However, as ascent begins the
pressure decreases and gas not used by the body is released. This can cause serious,
sometimes fatal injuries to the diver. This is alleviated by using the correct decompression
procedures that are now practised by dive opertaors. The increased pressure at depth also
requires that the diver be supplied with breathing gas equal to the ambient pressure of the
environment.
Because of the prevailing hyperbaric conditions, divers must rely solely on life support
systems and on the competence and reliability of the persons, who help to operate, monitor
maintain and repair them. Strong water currents, low water temperatures and rough seas
add to the divers problems. The difficulty in moving and orienting the diver underwater,
problems with communications, in association with the isolation often experienced by the
diver can create psychological as well as physiological stresses.
Commercial and Navy divers tends to work in conditions that are dark and cold, and which
deprive him of much of the usual sensory input. Sight is also frequently impeded by the
diving helmet that forms part of the protective environment around the diver, but is a crucial
component in keeping the diver alive.
Clearly, the subsea environment is a major hazard for those who choose to work in it. This
was well documented by a retired Department of Energy Diving Inspector who went to great
lengths to outline the numerous dangers and hazards likely to be seen by commercial divers
(Ref 2).
The degree to which the hazard exists is magnified to a significant degree when either
explosives or explosively generated environments are involved. Underwater cutting,
potentially introduces such a hazard.
The oil and gas industry is heavily dependent on divers to install equipment on the seabed,
service and inspect it, and finally remove it when there are no further reserves to exploit. Part
of the divers work involves cutting, and this may be carried out with various technologies,
sometimes on the same job. One of the more favoured methods for speed and economy is
ultrathermic or “broco” rod cutting as it is often generically referred to. This type of cutting,
also known as a “hot” technique uses electricity and oxygen, in large quantities. A byproduct of the cutting is hydrogen. In extreme circumstances, a lethal mix can result, become
trapped in part of the working structure, and ignite or detonate. As a result of the prevailing
explosion, divers have been both injured and worse, several have lost their lives.
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Because of the known hazard, the Health & Safety Diving Inspectorate have issued a Safety
Notice(Memorandum 6/1983)(Ref 3) to warn divers and Operators of the hazard, along with
recommended guidelines on how to avoid incidents. A subsequent Safety Notice was issued
via IMCA(Institute of Marine Contractors Association) to warn divers of the risks associated
with cutting (D003 – Oxy Arc Cutting Operations Underwater)(Ref 4). Despite this, accidents
and fatalities are still occurring with concerning regularity. Work carried out by the author
has revealed a significant level of incidents over the past 25 years (Ref 1) throughout the
world of commercial and naval diving. These accidents are not confined to the UK. Many of
the incidents were unrecorded and have only been shared recently by divers who have agreed
to give details to assist the research so that safety issues can be fully understood and
appreciated. Much of the information has been shared in confidence, so specific details are
not to be published. Overall statistics will be published.
The forthcoming decommissioning of many oil and gas fields brings with it the need to
dismantle some massive structures that have been built of steel and concrete to withstand
massive engineering demands. Removal will require cutting so that individual pieces can be
managed safely and effectively. Operators have stated their desire to do this using new
technology, and also minimising diving operations where possible, however, there will
undoubtedly be the need to use such cutting methods, bringing with it, the risks and hazards
identified.
The opportunity to use any technology that reduces or eliminates the known dangers
associated with the existing cutting rods brings with it a significant value
Several technologies are currently being investigated by Operators and individual service
providers to replace “broco” type technology. Funds have been invested by several Operators
and projects are ongoing. Many like Shell and BP have a clear desire to eliminate diving
altogether where possible on such work, however where divers are required, a safe and
effective cutting method is needed.
Swordfish is one option that brings with it apparent advantages. The most significant
consideration point is its functionality without the need for oxygen, which has major safety
and operational considerations. Without oxygen (or significantly reduced amounts), no
underwater explosive event can take place.

1.2 Cutting Techniques
1.2.1 Overview
When items underwater need cutting, a number of methods have traditionally been adopted,
they include, amongst others;
•
•
•
•
•
•
•
•

Explosives
Hydro abrasive cutting
Diamond wire systems
Oxy arc techniques (carbon and steel electrodes)
Thermic cutting (Kerrie cable and broco rods)
Gas cutting
Shielded Metal Arc (SMA – also known as Manual Metal Arc MMA)
Emerging technologies

Of these, oxy-arc is probably the most widely used, history and research has shown it is also
one of the most hazardous. All technologies form part of the cutting “toolbox” and have their
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own place and application. Broco cutting is however widely used within the diving
community.
Broco, Inc., Rancho Cucamonga, Calif., developed and patented its ultrathermic cutting rod
and torch in 1978 for exothermic cutting underwater. Designed to compete with the existing
tubular steel electrode cutting systems that had high amperage requirements and could only be
used for ferrous metals, the Ultrathermic cutting system soon became accepted for underwater
cutting on offshore platforms around the world.
Ultrathermic cutting is a derivative of oxygen arc cutting. In oxygen arc, an arc is struck
between an electrode and the metal to be cut. A molten weld pool is formed as a result of that
arc. Oxygen, introduced through the hollow electrode, increases the temperature of the weld
pool. In addition to the rapid melting, the pressure of the gas jets drives the molten metal
away, forming the cut.
What sets Ultrathermic apart from oxygen arc cutting is that once the arc is struck, the rod
will continue to burn without maintaining an electric current.
The cutting rod acts as a thermic lance. The arc is only required to ignite the rod. Rapid
oxidation occurs at the point of contact between the arc and alloy wires within the cutting rod.
This chemical reaction heats the wires to their respective kindling points. The temperatures
attained by the burning exothermic rod are far in excess of the melting point of the target
work material. The rod will continue to burn for as long as oxygen is supplied, or until it is
consumed.
Ultrathermic systems differ from their traditional counterparts in a number of ways. Both are
processes utilizing oxygen to sustain the reaction at the tip of the rod, but oxyacetylene burns
at approximately 5800 degrees F using acetylene as a secondary fuel. Setup is lengthy,
involving two regulators, two sets of hoses and a variable torch. Preheating is required before
cutting can take place.
Ultrathermic systems use only oxygen and the consumable alloy fuel rods. There are no
hazardous secondary fuels. Ignited by means of an electric spark, the rods burn at
temperatures in excess of 10,000 degrees F. Because the systems operate at such high
temperatures, the target material liquifies almost instantly, therefore, preheating is not
required. Cutting can be done quickly with this process.
This process will penetrate materials that oxyacetylene cannot cut. Aluminum, titanium,
stainless steel, brass, cast iron and refractory materials can be cut. Even concrete and copper
can be pierced.

1.2.2 Swordfish Cutting Rods
Swordfish is a new concept developed by Mr David Keats of Special Welds in Cleckheaton.
This uses a brand new, high iron oxide MMA/SMAW electrode, which requires no oxygen
(unlike the rods described above) whatsoever to be able to cut, thereby offering potential
safety advantages for the diver, as well as offering a more convenient and cost effective
cutting method. As no high pressure oxygen supply is necessary, the potential explosive
dangers involved with conventional exothermic (oxy-arc) and tubular steel cutting lances will
be significantly reduced and therefore hazards for the diver improved. Also, as no oxygen is
being forced through the arc, cutting into materials with concrete backing/liners is also made
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significantly easier, as no or very little blowback occurs. The electrode provides a very clean
and precise cut; whilst at the same time is easy to use.
When conventional oxy-arc (exothermic) or tubular steel cutting lances are regarded as an
unacceptable safety hazard for the diver, or when no oxygen is available, these electrodes may
offer a safer, convenient and cost effective alternative, with a reduced safety hazard for the
diver. These electrodes also offer a more convenient way of cutting for general engineering
applications, where onsite cutting needs to be performed.
The electrodes can be used for all general demolition works, such as piercing holes for bolts,
removal of rivets and other connections and attachments common in constructional
engineering.
Logistically, there are obvious costs savings as well as no need for transportation and supply
of oxygen, which is a major component of the conventional systems used today.
All usual safe arc welding precautions must be observed, with particular attention being
drawn to the AODC code of practice “safe use of electricity underwater” for underwater use.
In summary, Swordfish cutting electrodes require no special equipment other than
•
•
•

a standard 300-400-amp DC welding power source
cables
standard welding ‘stinger’

The electrode is available in 4.0mm (5/32”) and 5.0mm (3/16”) diameter. It can be used in all
positions and it will cut a wide range of materials; including steel, stainless steel, cast- iron,
bronze and copper alloys, and aluminium and its alloys, both above and below the waterline.
The author understands that tests have already been completed for various government
agencies and the US NAVSEA with positive feedback. These results however have not been
seen.

1.3 Sources of Information on Underwater Explosions
The concept of an explosion underwater has been reviewed in various guises for both
research, and also as part of various fatality and accident reports. These studies have been
carried out by the local government agencies at the accident site. They form part of the large
wealth of documentation and references in the public domain.
The vast majority of work refers to the detonation of condensed (solid) explosive materials
underwater, and as such is not entirely applicable to the issues raised by explosions associated
with cutting underwater. This is becoming very evident given the damage mechanism and
resultant terminal effects on the diver and his equipment. The remit of this report is not to
discuss detailed issues relating to the underwater damage mechanism, it is pertinent to
observe however that massive potential exists when a gas explosion occurs underwater.
The subject of underwater explosions is now of considerable military and civil importance for
various reasons, and still today the foremost piece of work carried out was that embarked on
by Robert Cole in response to the outbreak of World War 2 (Ref 5).
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Many of the assumptions that have been attributed to earlier accidents and fatalities are now
called into question and ongoing work (Ref 1) will show the differences in target effects of
the underwater gas explosions associated with cutting.
The underwater event found to occur during cutting operations does not involve the
detonation of a condensed explosive as stated above. It is in fact an underwater gaseous fuelair event. The characterisation of which is totally different to that of a condensed explosion
underwater. On surface, fuel air explosive mixtures have now found popularity in military
circles due to the very effective and catastrophic effects on the identified target. This is
largely attributed to the “impulse” or negative phase of the pressure phase, which, when gases
are involved are considerable. Impulse is often defined as the integral of all time of the
pressure phase of the event. For the oxygen/fuel mixes associated with cutting explosions,
this is significant.
Many sources of information on explosions underwater are available and have been referred
to as part of the ongoing work program;
•
•
•
•
•
•
•
•
•
•
•

Royal Military College of Science library searches
Defence Research Agency (DERA)
Internet search engines
Numerous diving industry journals
Industry sources
British Library
Naval (worldwide) sources
Medical journals and Learned Bodies
Commercial Diving Library
USA government sources
Health & Safety Executive sources

While much information exists on conventional explosions and condensed explosives used
underwater, it has been identified that there is very limited source of information currently on
underwater gaseous explosions, such as that generated during cutting using rods.
Specific or notable investigations to date have been carried out by the Marine Technology
Support Unit in May 1989 (Ref 6), and an HSE study into diver helmet damage after
explosions (Ref 7) and relate to known underwater gas explosions associated with cutting.

1.4 Recorded Incidents
The UK diving industry has recorded its accident statistics for many years. The figures below
give an overview of all accidents and incidents since 1971. In 1989 a major restructuring at
the Department of Energy resulted in presentation of diving statistics in different manner
Sadly what the statistics do not do is record many of the minor “pops and bangs” that were
seen on many diving operations throughout the last 30 years. The reason for this is that many
divers have accepted the blowbacks and minor explosions as “just one of those things”, and as
such, went undocumented. A recent request to industry and the navies of the world has only
recently unearthed many of these earlier accidents as anecdotal referrals.
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The UK diving industry is well regulated and managed. The last fatality was the Chris Hill
accident in 1999. Fatalities due to cutting do still occur (3 in 2003 overseas) and many minor
events still take place (often in UK as well) and are not recorded.
***

DOS = days off sick
Year

Fatalities

Major Accidents

DOS

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

1
1
2
5
6
9
3
2
3
0
0
1
1
1
0
0
0
0
0

1
1
1
0
0
2
5
5
1
4
3
7
9
18
19
20
15
16
6

8
2
7
8
7
7
18
12
20
8
13

Data recorded between 1989 and 1996 was not collated into a suitable format and as such was
not released for review by Health & Safety Executive, who provided other information.

1996- 1997
1997- 1998
1998- 1999
1999- 2000
2000- 2001
2001- 2002

Fatalities

Major

>3days

Disease

Dos

1
0
0
1
0
0

0
1
2
0
1
2

10
4
4
11
4
3

8
7
3
2
2
8

14
14
19
18
24
24

FIGURE 1

UK Diving Statistics

Ongoing work (Ref 1) has been fully supported by the Health & Safety Executive in the UK,
as well as Royal Navy, and it is interesting to note that Royal Navy statistics relating to
cutting explosions were up until recently only taken when a fatality was involved.
Investigation throughout the diving world, both Commercial and Naval have revealed many
incidents of note involving explosions associated with underwater oxy-arc cutting with both
fatal and near fatal consequences. A selection of these is noted below for illustration of the
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magnitude of the overall problem, and this highlights that incidents can occur in both the
commercial and naval theatres of diving

A number of fatalities have been identified in the following countries (Ref 1)
•
•
•
•
•
•
•
•
•

UK
Norway
Spain
India
Brazil
Egypt
USA
UAE
Singapore

The last fatality was at the end of 2003 in India.
Notable incidents not involving fatalities are also acknowledged on the following operations;
•
•
•
•
•
•
•

Recovery of Kursk submarine (3 explosions)
HMS Edinburgh gold salvage (several explosions)
HMS Nottingham recovery in Australia (1 major explosion)
HMS Sheffield (2 notable events)
HMS Coventry salvage
Piper Alpha demolition (several explosions)
Alexander Khielland salvage (several explosions)

1.5 Explosive Situations
The explosive event underwater is significantly different to that of an explosion in air. The
graphs below show the variance in both Peak Pressure (post explosion) and also the pressure
versus distance with relation to decay. Exposing a diver underwater to such conditions
(higher pressure than in air and longer decay of the pressure pulse), even with “small
explosions can result in severe injury if not death.
Work carried at the Royal Military College of Science in 2000 in two separate studies showed
the significant damage potential of underwater gaseous explosions (Refs 8 & 9).
The reasons for the differences in pressure behaviour are as follows;
•
•

Water is 800 times denser than water
Water is 10,000 less compressible than air

The associated risk of explosion with cutting operations requires 4 components,
•
•
•
•

A fuel material
Oxygen
Entrapment
Ignition source (from the rod itself and/or hot embers)
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The fuels can come from various sources;
•
•
•
•
•
•

Hydrocarbons in pipes
Paints and bituminous coatings
Metallic alloys and exotic mixes
Gas emission from cutting rods
Seabed methane
Others

Entrapment hazards can occur in a number of ways;
•
•
•
•
•
•

Geometric entrapment caused by working site or environment
Materiel cut in contact with seabed
Material encased in concrete
Annular spaces
Indentations in “flat” surfaces
Marine life growth on surfaces

Given the above it is clear why divers carrying out cutting operations need to be protected
against exposure to any explosive event, no matter how small.
The effect of blast or pressure pulse on the diver is dependent on a number of factors
Divers depth (Boyles Law)
Gas mixture
Gas volume
Proximity of diver to event
Type of event (detonation or deflagration)

Peak Overpressure in Bar

•
•
•
•
•

FIGURE 2

Comparison 0.45kg of TNT in air and water
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Peak shock in air and water versus distance for 136kg of Plastic explosive

Associated with such explosions are also secondary pressure pulses, and large high velocity
movements of water around the bubble (referred to as the flow- afterflow phase). Combined
these pulses create a large damage mechanism acting on the diver and his equipment. The
schematic below shows a simplified representation of this bubble response post explosion.

FIGURE 4

Representation of primary and bubble pulse against time for underwater blast
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The photo below shows a typical bubble developed from a hydrogen oxygen explosion, often
associated with broco cutting. This image was captured with high-speed photography during
ongoing research (Ref 1). As the explosion develops and the bubble grows, the pressure front
moves away from the event and hits the diver. As the bubble oscillates, contracts and
expands, a large volume of water at high velocity is propelled also at the target (diver). This
combined with the high level impulse (the previously mentioned negative phase) causes
massive trauma on the diver and his equipment. Figures 6 and 7 illustrate damaged helmets
subjected to explosions during cutting operations

FIGURE 5

Photo of underwater gas explosion – hydrogen/oxygen mix
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The type of damage potential inflicted on equipment is shown below and illustrates how
powerful such underwater explosions can be, even with small amounts of gas.

FIGURE 6

FIGURE 7

Damaged faceplate – broco fatality

Damaged Superlite 17 helmet – broco fatality
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The diver himself is clearly not as resilient as some of the equipment he wears and as such
exposure to any underwater gaseous explosions can have catastrophic consequences. The
value of managing to mitigate or eliminate such exposure hazards is clear.
Blasts are sudden, localised disturbances in pressure which propagate as longitudinal waves;
that is, as alternating fronts of compression and rarefaction. In water the blast wave is usually
not accompanied by other phenomena associated with air blast such as the acceleration of
fragments and bodily translation. There are several properties considered characteristic of
underwater blast. Firstly, pressure waves are subject to less attenuation in water compared
with air. Secondly, high frequencies are attenuated to a greater extent than low frequencies.
Thirdly, the pressure wave passes more efficiently from water into human tissue than it does
from air. This is due to the closer match between acoustic impedances of tissue and water.
Lastly, the underwater blast is composed of a primary pressure pulse and then several bubble
pulses. The latter have lower peak pressures but longer periods. The energy contained in
bubble pulses is comparable to, and in some circumstances might exceed, that in the initial
pulse.
There are several mechanisms associated for injury. Most require distortion through
compression of gas-filled spaces or differential movement between tissues in the body with a
final common pathway of tissue disruption.
The precise areas of disruption will depend on the many variables of the incident blast. The
complex and unpredictable nature of the blast wave, and the variety of factors which might
influence its biological effect, mean that there are many potential target organ systems but
that only damage to the most vulnerable can be predicted with some limited degree of
certainty.
If a diver sustains a blast injury that impairs performance, incapacitates or threatens life, it
will almost always involve the gas-filled organs of thorax or abdomen. The effects can be
immediate and rapidly fatal or delays of over a week may occur before a blast victim develops
symptoms and signs of a life-threatening illness. Delayed effects are, more often than not,
associated with the abdomen. A variety of sources for threshold levels of damage in air and
underwater exist.
The nature and severity of injury can be modified in many ways. The blast wave incident
upon the diver obeys classical physical laws but the constant change and complexity of the
environment outside the laboratory can easily convert a potentially fatal blast into a harmless
one. The converse is also true.
Recent research into treatment of blast has concentrated almost entirely on explosions in air
The advent of very large charges in the two world wars and, latterly, the increasing use of
weapons that depend entirely on primary blast for their effect motivated this research. The
blast waves from these weapons have considerable impulse, the integral of overpressure with
time, and the injuries are considered identical to those sustained by immersion blast victims.
Research into underwater blast was first provoked by the terrible blast injuries sustained by
survivors of sunken ships in wartime. Much of the relevant animal research has, therefore,
been performed on head-out immersion. Later investigations into the mechanisms of blast
injury to the thorax and abdomen often used subjects immersed in water.
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This kept experimental design simple since smaller charges were needed for equivalent
injury. Total immersion would have introduced unnecessary complications.
Lethal and sub-lethal studies on humans are generally limited to reports of uncontrolled
accidents and much of the literature, again, covers head-out immersion. Controlled exposure
to less damaging levels of blast, including totally immersed subjects, was investigated
extensively in the forties and fifties, but the absence and relative insensitivity of measuring
equipment at that time makes it difficult to relate blast variables to injuries found
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2.0 POWERGEN GAS ANALYSIS
The key hazard associated with using “broco” rods is the high level presence of oxygen which
in the presence of a suitable fuel (hydrocarbon gas for example), and subjected to an ignition
source, results in the known explosions or pops that have been recorded for years.
The Swordfish technology does not require the operational volumes of oxygen typically
needed to simply use “broco”.
In order to compare conventional cutting rods with Swordfish, PowerGen UK labs were asked
to collect and assay ten gas samples that were collected from the gas plumes emanating from
underwater cutting using the rod under controlled conditions.
Samples were analysed using a dedicated gas chromatograph and results presented to
Specialist Subsea Engineering (Ref 12)
Those results are summarised thus;
Mean % by Volume

Hydrogen
Carbon Monoxide
Carbon Dioxide
Nitrogen
Oxygen
Methane
Acetylene
Ethylene
Ethane

76.38
15.61
3.31
2.45
0.65
0.11
0.028
0.022
0.003

Swordfish by-products show a very different signature or fingerprint to conventional
underwater "rods", which can be sourced for comparison.
Results of the gas collection from Swordfish show that the oxygen is in very minimal
quantities (0.65% by volume).
The samples are consistent but one does show contamination and has rightly been
disregarded.
For information, Hydrogen is flammable / explosive between the ranges 4% to 76% in the
presence of oxygen and with the percentage seen, unlikely, unless a
secondary source is introduced to elevate the mixture to an ignitable intimate mix.
The Report conclusion is accurate in its content with the information given.
Please note that the tests were carried out at a depth of 5m so any effects
of compression and subsequent "speed of event" (which will change at depth) has not been
looked at, but should not be ignored as research has shown this to be an important factor in
explosive events.

Page 19 of 23

SubSea 7
Swordfish Cutting Rod Appraisal

REV 0 for distribution

3.0 METHANE AS AN EXPLOSIVE HAZARD
While the most if not all of previous investigations and research into cutting accidents and
fatalities have focussed on the explosive mixture as being hydrogen and oxygen (one of the
earlier assumptions), recent work has identified the significant threat posed by methane
mixtures, which are also found underwater in some circumstances.
For the purpose of record, experimentation using methane as an explosive fuel has shown a
significant change in the nature of the pressure signature and its terminal effects on any
submerged target and its ultimate behaviour at depth (Ref 1).
One recent example to indicate the presence and evolution of methane within the UK North
Sea oil sector were when indications were that a trawler found at the bottom of the North Sea
was probably sunk by a massive and very sudden release of methane gas, associated with a
shallow bed accumulation, close to an existing oilfield. Reported on Wednesday, 29th
November, 2000 the wreck was surveyed by submersible camera equipment, lying in an area
known as the Witch's Hole, 150 kilometres north east of Aberdeen. If caught in the gas
bubble released it would have been swamped and gone down immediately
The patch of seabed, at least 100 metres across, is one of many "pockmarks" in the region
depressions in the sediments created by escaping gas.

FIGURE 8

North Sea Trawler Loss due to Methane

Any entrapment of methane (possibly under an installation) which then subsequently gets
mixed to an intimate level with oxygen, becomes a very high level threat to divers in the
vicinity if ignition takes place. Methane is found from rotting debris (in shallow harbours)
and also generated by marine growth. Its explosive potential is also greater than its equivalent
volume of hydrogen.
Typical breakdown of North Sea hydrocarbon gas reveals how much methane by volume is
present. Below is a breakdown of gas from the BP Harding Field, which is very
representative of typical North Sea hydrocarbon gas.
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Various surveys and studies (Ref 13, 14 & 15) have illustrated the extent to which methane is
found to be flowing freely from the seabed. Many of these areas identified have seen
accidents and diving regularly takes place close by.

Further work is being carried out to quantify the exact risk of methane mixtures and their
effect on diving operations.

Component

Mole Percent

methane
ethane
propane
I-butane
n-butane
I-pentane
n-pentane
hexanes
heptananes plus
hydrogen
hydrogen sulphate
carbon diioxide
nitrogen

97.43
1.79
0.08
0.01
0.01
0
0
0.02
0.01
0
0
0.17
0.48
100%

Figure 9 North Sea Hydrocarbon Constituents

At 97.43% methane based, typical hydrocarbon gas emissions will contain sufficient methane
to present a significant hazard if entrapment and cutting are involved in the same vicinity.
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4.0 CONCLUSIONS
Conclusions of this brief review are as follows :

1.
2.

3.

4.
5.
6.

7.

8.

9.
10.

Underwater cutting using conventional “broco” rods has the potential for
creating life threatening explosive environments.
The above is recognised by industry and legislators alike, but incidents still
occur despite Safety Notices and rigorous Risk Assessments prior to any
work.
An inevitable rise in abandonment and decommissioning in the offshore
industry will bring with it an increased level of underwater cutting, with
associated hazards for commercial diving operations
Use of the Swordfish concept eliminates the need for large amounts of
oxygen which clearly mitigates the diver exposure to explosion risk.
Gas collected and analysed from using Swordfish confirms that levels of free
oxygen are minimal and greatly reduce risk of explosion.
Gas samples were only taken at a depth of 5 metres in a seawater
environment. It has been shown that explosive mixtures behave more
vigorously at depths associated with North Sea work, resulting in a higher
damage potential (where oxygen is present).
Swordfish is seen as a significant step forward in safety and is deemed at this
stage as a viable option instead of ultrathermic or similar cutting rods that
utilise oxygen.
Operational procedures for the Swordfish have not been seen, but when
formulated and presented should include the guidelines already in place for
ultrathermic operations to ensure maximum protection for divers
Methane has been identified as an additional risk and should be considered
prior to any cutting work.
Further investigation into this method of cutting is recommended.
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Gas Analysis Results

The following Gas Analysis Report was supplied by Powergen with the results from Phase 3. Chart 1
displays the Gas Concentrations graphically. This information has been reproduced for clarity.

GAS ANALYSIS
The gas collection occurred during the In-Water phase of the evaluation conducted at the Defence Diving
School, Portsmouth. The principle behind the gas collection required the process to achieve exactly what
underwater hot cutting processes aim to avoid, by trapping gas during the cutting process. This point was
considered during a Level 2 risk assessment, attended by representatives from Shell, BP, HSE, Subsea 7,
Falmouth Divers (AODC), and Specialist Subsea Engineering. Consequently a spark arrestor system was
introduced in the collection sump in order to reduce the risk to an acceptable level.
The project engineer managed the practical collection of the samples. The process employed for collection
of the samples is explained below.
Project Engineers Technical evaluatio n of gas collection process
The Swordfish off-gas sample collection sump consisted of a lightweight pre-fabricated aluminium frustum
shape with a connection point for sample flasks to the top, and a clear Perspex side for diver viewing.
Simple gauze metal spark arrestors were fitted within the fulcrum, to prevent ignition of the gas within the
collection flask or the sump. It is considered that this system contributed towards the elimination of solid
particle contamination of the sample. The sump was mounted on legs, providing a suitable stand off
under which the diver performed the burning task. It was found that the sample flasks had to be mounted
loosely during collection as a seal produced classic choke effects at the neck of the flask preventing
collection. Apart from this minor issue, the sump functioned correctly and the divers soon became
accustomed to using it.
As the sample flasks used were glass, this presented some safety and handling issues to be dealt with
prior to the operation. The procedure developed involved the diver ascending the ladder and passing the
full (of gas) flask up to the tender, upside down with the cap removed. This allowed for the effects of
Boyle’s Law without pressurising the sample bottles, something for which they were clearly not designed.
The tender holding the upside down bottle just below the surface of the water would fit the cap. This
method was found to be an acceptable mechanism to prevent contamination from the atmosphere.
In summary, it is confirmed that the concept, design and fabrication of the sump was acceptable and
functioned correctly. The sample collection procedure was conducted in a proper manner and I am
satisfied that there was no contamination from the atmosphere during collection. Likewise, each of the 10
bottles was clean with seals in good condition prior to use.
In short, whatever the gases discovered inside the bottles during the chromatograph analysis, they are
believed to be uncontaminated, and are 100% the product off-gas of the swordfish rod cutting process.
Analysis of the collected gas samples
Once collected the samples where delivered to Powergen Technology, of Powergen UK Plc. A gas
chromatographic method was then employed for the analysis of the samples. This technique is already
used in the quantification of gases in transformer Buchholz relay samples and is based on BS EN
60567:1993.
The sample input line and injection loop of the gas chromatograph can be evacuated to remove any
contaminating air, prior to the gas sample being extracted from the sampling vessel thus minimising any
sample contamination from the surrounding air. A set pressure of gas can then be injected into the

© Shell – May 2004

52 of 93

Evaluation Report of Swordfish Iron Oxide Cutting Electrode

Annex C:
Gas Analysis Results

chromatograph and an analysis of the gas mixture can be performed. The advantage of this system is
that it allows trace as well as major concentrations of gases to be determined.
The gases that were determined were hydrogen, oxygen, nitrogen, carbon monoxide, carbon dioxide,
methane, ethane, ethylene and acetylene. Typical detection limits achieved are 0.05%v/v for the carbon
oxides, 0.01%v/v for hydrogen and oxygen, 0.005%v/v for the hydrocarbon gases. (N.B. These detection
limits may be higher if only very small samples of gas are available). The relative standard deviations of
replicate gas analyses are normally within 5% for the carbon oxides and within 1% for other gases.
Powergen normally conduct gas sampling in Haldane tubes. However, as the samples had to be collected
underwater, this method was considered impractical. Therefore laboratory tests were performed by
Powergen to find a suitable sampling system for this application. The primary requirements of the
sampling system were considered to be:
a. To be leak tight to prevent any loss of sample gas or ingress of air.
b. To be inert so that the integrity of the sample is not compromised.
c. To be compatible with the analysis equipment so that the sample could be extracted without any
significant contamination or losses.
d. To be suitable for use underwater.
The method proposed for the underwater collection of the gas sample, was by displacement of the water
in an upturned 130ml amber Winchester bottle, the gas sample being contained in the bottle by use of a
screw-on septum cap.
Tests showed by careful filling and capping of the sample, the residual water left in the bottle was likely to
be 0.5 to 1ml. It is preferable to minimise the amount of water present in the sample to reduce the gas
losses due to water solubility. Recovery tests have shown that both carbon dioxide and acetylene are
reasonably soluble in water and therefore these gases will be diminished in the gas phase. Powergen tests
have shown a reduction of about 13% is typical. The other gases to be analysed are much less water
soluble and no significant reduction in concentration was expected.
The final results displayed in the following two pages have not therefore been corrected for any losses due
to solubility of the gases in any water that may have been contained within the sample.
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CERTIFICATE OF ANALYSIS
ISSUED BY: POWERGEN UK plc
DATE OF ISSUE:16 March 2004

Hydrogen
C. Monoxide
C. Dioxide
Nitrogen
Oxygen
Methane
Acetylene
Ethylene
Ethane

CERTIFICATE NUMBER: 6651

2004015
4
%
Test 1
73.74
15.52
3.02
5.69
0.91
0.10
0.033
0.022
0.002

2004015
5
%
Test 2
78.59
14.26
3.25
2.33
0.72
0.11
0.029
0.020
0.001

2004015
6
%
Test 3
78.10
14.48
3.60
1.45
0.36
0.11
0.035
0.022
0.003

2004015
7
%
Test 4
72.52
19.14
3.78
2.02
0.63
0.16
0.042
0.029
0.004

2004015
8
%
Test 5
74.60
17.78
3.62
1.89
0.60
0.12
0.028
0.023
0.003

2004015
9
%
Test 6
76.47
16.37
3.41
1.38
0.42
0.10
0.023
0.022
0.001

2004016
0
%
Test 7
75.18
16.06
3.64
2.89
0.80
0.12
0.025
0.025
0.002

2004016
2
%
Test 9
80.59
12.21
2.71
1.84
0.62
0.07
0.015
0.015
0.006

2004016
3
%
Test 10
77.64
14.69
2.79
2.51
0.78
0.10
0.026
0.023
0.006

2004016
1
%
Test 8*
65.72
13.24
2.75
12.45
3.30
0.14
0.033
0.026
0.003

99.04

99.30

98.17

98.32

98.67

98.19

98.73

98.08

98.56

97.67

Mean

Min

Max

%

%

%

76.38
15.61
3.31
2.45
0.65
0.11
0.028
0.022
0.003

72.52
12.21
2.71
1.38
0.36
0.07
0.015
0.015
0.001

80.59
19.14
3.78
5.69
0.91
0.16
0.042
0.029
0.006

98.56

98.08

99.30

Table 1: Analysis Results

!

Test 8 was not included in the mean values as the sample was deemed to be contaminated with air.
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14.69

12.21

16.06

16.37

17.78

14.48

14.26

19.14

13.24

% concentration (v/v)

80%

15.52

100%

60%

40%

20%

0%
Test 1

Test 2

Test 3

Test 4

Test 5

Test 6

Test 7

Test 9

Test 10

Test 8*

Sample Number

Hydrogen

C. Monoxide

C. Dioxide

Nitrogen

Oxygen

Methane

Chart 1: Gas Concentrations
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Supervisor’s Check List

This supervisor’s check list is provided for guidance only. It should be used in conjunction with the
Swordfish User Manual and adapted to meet specific circumstances of each cutting operation.

Swordfish Iron Oxide Cutting Electrode Supervisor’s Check List
The following checks are to be conducted:
Surface Preparation:
1.
2.
3.
4.
5.
6.
7.
8.

Yes

No

Yes

No

Are the torch, earthing clamps and cable joints insulated correctly?
Is the generator earthed correctly?
Has the generator polarity been checked and confirmed?
Has the equipment been function tested prior to sub-surface deployment?
Are all cables free to run and clear of sharp edges or snag hazards?
Has the target area been confirmed with the client?
Have potential gas entrapment areas been identified?
Has the diver been included in the risk assessment process and briefed by the supervisor?

Comments:

Sub-Surface Preparation:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Does the diver have the correct Personal Protective Equipment available?
Is the electrical power isolated to the torch prior to and during deployment to the diver?
Is the diver established in the correct position, and NOT between the return lead and the welding lead?
Is the diver’s umbilical clear of the cutting operation?
Has the diver checked above and around the cutting area to ensure there are no potential areas of gas
entrapment?
Has the area to be cut been cleaned of marine growth and corroded material?
Has the diver checked beneath the cutting area to ensure that any molten material will fall clear of
equipments?
Do vent holes need to be cut to release any trapped gas?
Is it safe to cut vent holes (If required ensure the diver knows to cut from the top down)?
Is electrical power isolated when changing electrodes or performing maintenance to the cutting
equipment?
Is electrical power isolated when the diver leaves the work site, returns to the bell or returns to the
surface?
Can the structure being cut fall on the diver or on his or her equipment?

Comments:

Supervisor Signature ..............................................................
Printed Name.........................................................................
Task .....................................................................................
Date ....................................................................................
Time .....................................................................................
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Certain technical information contained within this document is copyright Mr David Keats 2004, and is
reproduced with his kind permission.
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Chapter 1 INTRODUCTION
The function of this instruction manual is to provide information only. It is subject
to alteration without notice and does not represent a commitment on the part of
Shell and Speciality Welds or their agents.
The success and speed of an underwater cutting operation depends upon the
conditions under which the diver must work. The underwater environment imposes
numerous limitations and restrictions on the operator and the equipment being
used. Diving equipment, currents, lack of visibility and poor footing are all factors
that will make underwater cutting challenging.
Only competent persons should use the procedures and techniques contained
within this manual. Those wishing to use Swordfish™ without the necessary skills,
training and experience do so at their own risk.
Prior to delivery your Swordfish™ Cutting Equipment was in a dry and serviceable
condition.
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Chapter 2 GENERAL DESCRIPTION
Swordfish™ is a non-exothermic arc cutting electrode designed for the cutting of
metallic objects, surface and subsurface, where gas entrapment from a
conventional exothermic cutting process may present a safety issue. It is not
designed to replace normal open water cutting processes.

2.1 SPECIFICATIONS
Electrode Length

46 cm

Electrode Diameter 4.0mm / 5.0mm
Number in Box

4.0mm
5.0mm

60 electrodes (By weight)
41 electrodes (By weight)

Power Range
optimum)

4.0mm = 200-350 Amps (270 – 300 Amps theoretical
5.0mm = 290-390 Amps (330 – 360 Amps theoretical

optimum)
Composition

A high iron oxide flux coating

2.2 USES
•

Mild Steel Plate & Pipe (Including Concrete Lined)

•

Forged Steel

•

Cast Iron

•

Aluminium

•

Phosphorous Bronze

•

Stainless Steel

2.3 LIMITATIONS
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•

Swordfish™ requires a welding plant with an output of between 200 – 400
amps.

•

Cutting can be hampered in poor visibility.

•

Poor footing/stage can hinder good cutting technique.

•

Swordfish™ cutting electrodes are currently only available from the
manufacturer.
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DEPTH LIMITATIONS (WATER)
•

Cable lengths – Providing the necessary current can be maintained there is
no depth limitation.

•

Double insulated cable with orange rubber butadiene nitrite cover.

OPERATING T EMPERATURES
•

Surface / Sub-surface – Arc plasma will provide heat intensity of 5000°C+.

OPERATING CURRENT
•

Surface – A range between 200 - 350 for 4mm and 290 - 390 for 5mm.

•

Sub-Surface – A range between 200 - 350 for 4mm and 290 - 390 for 5mm.

OPERATING VOLTAGE – 2 T YPES
•

Open Circuit Voltage (OCV) which would typically be between 55 – 80 volts.

•

Arc or Closed Circuit Voltage which would typically be between 25 – 40 volts.

DEPTH LIMITATIONS (MATERIAL T HICKNESS)
During testing and evaluation the maximum thickness cut was 50mm mild steel
during a surface cutting exercise. It is worth noting that the thickness of the
material that can be cut is only limited by the electrode length and the cutting
angle required.
ANGLE LIMITATIONS
Angles for cutting should be between 45 – 90 degrees. In the unlikely event that
an area for cutting is difficult to reach the electrode can be bent, however the
manufacturer does not recommend this procedure. If the water proofing was to
crack water could be absorbed, which could affect performance and gas producing
elements. If absolutely necessary to bend the cutting electrode, it would be best
achieved where it joins the neck of electrode holder.
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2.4 GLOSSARY OF ABBREVIATIONS
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Abbreviation

Definition

AODC

Association of Offshore Diving Contractors

CCV

Close Circuit Voltage

DCRP

Direct Current Reverse Polarity

DCSP

Direct Current Straight Polarity

HSE

Health & Safety Executive

IMCA

International Marine Contractors Association

LEV

Local Exhaust Ventilation

OCV

Open Circuit Voltage

PPE

Personal Protective Equipment

ROV

Remotely Operated Vehicle
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Chapter 3 SYSTEM OPERATION
3.1 SAFETY
This chapter is intended to cover the safety precautions to be followed while
preparing for and conducting underwater cutting operations with Swordfish™.
Serious injury or death may result when protocols are not followed during
underwater cutting operations – supervisors shall ensure that all personnel become
thoroughly familiar with the information contained within this manual.
Deviation from established standards are of course potentially dangerous, however
the most serious aspect of disregarding safety rules may not be the initial deviation
but the tendency to treat other rules just as casually. Safety must be the
paramount consideration throughout every operation, and the more safety
conscious each team member becomes, the safer each diving operation will be.

3.1.1

Electrical Safety
POSSIBLE S HOCK HAZARDS
The electric shock hazard associated with arc welding may be divided into two
categories:
•

Primary Voltage Shock, i.e. 240, 415 / 440 volts

•

Secondary Voltage Shock, i.e. 60 – 100 volts

The primary voltage shock is extremely hazardous, and on no account should any
unqualified person interfere with a primary supply. Personnel can receive a shock
from the primary (input) voltage by touching a lead inside the machine with the
power on, whilst touching the machines case or other grounded metal. The case
must be earthed so that if a problem develops inside the machine, the fuse will
blow.
Other factors to be considered include:
•

Adequate duty cycle of the machine

•

Isolation switches are readily accessible

•

All mains and secondary cables, terminals and cable connectors are of
adequate size and construction for the maximum welding current

•

Terminals and live components are adequately protected

It is not sufficient to expect that the welding machine is earthed through its earth
lead in the mains plug. Although this will take care of any primary side problems it
will not stop current leakage occurring on the secondary side of the circuit.
A secondary voltage shock can occur if the operator touches a part of the electrode
circuit (a bare spot on the cable for example), while at the same time another part
of his body comes into contact with another side of the welding circuit.
All personnel responsible for or engaged in underwater cutting/welding should
understand and be aware of the following:
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•

Read and understand the safety and operating instructions of all involved
equipment prior to use.

•

Read and comprehend this manual.

•

Know the capabilities of assigned equipment and strictly follow operational
procedures.

•

Use this manual in association with the equipment for ready reference.

•

Follow all warnings printed on system components.

•

Adhere to pre-use, use and post use routines.

•

There are no hazardous substances used in the electrodes, however the
manufacturer’s guidelines must be followed when cutting. It is advisable for
the operator to keep his or her head clear of the gas plume during surface
use, and employ Local Exhaust Ventilation where appropriate.

•

Adhere to the Safety Data Sheets that are supplied with the electrodes.

•

During surface cutting, ensure a well ventilated area is used – whenever
possible the user should use a ventilated welding visor and or extractor fans.

•

There is no toxic gas risk during a dive except for the gasses that will rise to
the surface, therefore ensure all surface crews are aware of toxic gas
hazards.

•

Arc Rays can cause serious damage to eyes and skin.

•

Always use Personal Protective Equipment (PPE) – Eye protection and suitable
clothing with rubber gloves. When diving is taking place ensure that surgical
gloves are worn under normal diving outer gloves, and that the outer glove
cuffs are taped.

•

Always use an approved electrode holder (Stinger) with the electrode

•

Prior to the start of any underwater cutting it is good practice to consult and
study any drawings and physical configurations of the work area. Areas
where cutting is to take place must be studied to determine areas / voids that
could contain or trap potentially explosive gasses. These areas / voids must
be vented or made inert to prevent possible explosions. To this end a cutting
methodology should be adopted.

•

When cutting, hydrogen and Oxygen is disassociated from the water and will
travel separately as bubbles. These bubbles can collect in trapped or
confined spaces overhead. If hydrogen bubbles combine with oxygen
bubbles, which could come from the divers expelled gas they may ignite
causing a popping sound. If this occurs cutting should cease and the cause
must be investigated immediately.

•

Care should also be taken when cutting in or around dead or rotting marine
growth / leaves / foliage, or mud because trapped methane gas, given the
appropriate concentrations, can explode.
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•

•
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Explosive gasses may be produced by one or any of the following:
♦

Corrosion,

♦

The electrode itself,

♦

Decaying or vegetable or animal matter,

♦

Epoxies, solvents or adhesives,

♦

Paint mediums such as linseed oil or thinners,

♦

Petroleum products, fuel oil or greases.

To reduce the risk of explosions from trapped gasses do the following:
♦

Gasses may be vented to the surface via a vent tube (flexible hose)
secured in place from the high point, whereby gasses would collect to a
position above the water line, if practicable;

♦

Start cutting at the highest point and work downwards, allowing gasses
to vent as the cut is progressing;

♦

When cutting vent holes, if flammable gas is suspected use cold cutting
techniques.

•

If cutting overhead beware of falling or rolling away of cut-away pieces or
molten metal if in close proximity.

•

Take care if cutting tightly bound wire rope.

•

Prior to cutting ensure umbilical and any diving equipment is clear and will
not be in the path of slag from the cutting operation.

•

If cutting overhead is deemed unavoidable, ensure appropriate Personal
Protective Equipment (PPE) is worn. The diver is not to be directly beneath
any molten metal falling from the cutting procedure.

•

Divers should ensure cutting operations are carried out from one side of the
area to be cut and not directly facing or beneath it. This will ensure that
should an explosion occur the blast energy is not channelled directly towards
the diver. The supervisor should remind the operator of this throughout the
operation.

•

The diver shall ensure that while “power is on” (hot) the torch is never left
unattended.

•

Only change the electrode when cold (disconnecting safety switch) – When
the electrode has been consumed to within 75mm (3") of the torch, the diver
is to stop cutting and signal for the torch to be made cold, via the
disconnecting safety switch (knife switch), before attempting to change
electrodes. Maintain the torch in the cutting position until the surface has
confirmed the torch is cold. The diver should tap the electrode twice to make
sure the current is off.

•

When starting the cut the hand should never be closer than 100mm (4") from
the electrode tip. As the electrode is consumed and becomes more
manageable a one handed grip can be used.

•

Never get between the electrode and the return lead.

•

Arcing can damage welding machine switch contacts. Do not change the
range switch position whilst welding or under load (arcing causes pitting and
will eventually render the contacts inoperative).
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•

A diver is at risk to severe electrical shock when performing a cutting or
welding operation if only partially immersed in water. Hence, the splash zone
is the most hazardous location in which a diver can be placed.

•

Never enter a diving bell with Swordfish™ when the welding generator is still
running.

•

AC power shall not be used for underwater cutting using Swordfish™ due to
the extreme danger involved with AC current underwater. Electrical shock
produced by AC current prevents voluntary relaxation of the muscles
controlling the hand, consequently the diver may not be able to let go if his or
her body or equipment accidentally enters the electrical circuit.

•

AC power is however acceptable in a surface / air environment.

•

When conducting a risk assessment consider the following:

•

♦

The material being cut,

♦

Any coatings on, in or around the material to be cut,

♦

The content of the material being cut, i.e. old gas / fuel pipe,

♦

Local and surface environment ,

♦

Type of sea bed, e.g. rotting vegetation gives off gas (Methane),

♦

Conducting an initial survey with an ROV.

Only use DC welding power, which should be set-up by competent
experienced personnel and that all electrical connections are securely made
before operations commence. In particular, the correct polarity should be
selected.

Figure 1: Piranha Combo
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•

Ensure a positive operating, disconnecting safety switch (Fig 1), (normally
rated at 400 Amps) is in the welding circuit. The diver will then be fully
isolated from electric current when the disconnecting safety switch (knife
switch) is open and can safely change electrodes in this state.

•

All cables that are intended to be submerged shall be double-insulated and
watertight. Cables should be checked at regular maintenance intervals, as
part of a planned preventative maintenance programme, for integrity.

•

When working in deep water a strain relief should be used to provide support
for the additional cable weight.
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•

If joining lengths of cable together, use connectors which have a current
carrying capacity that is equivalent to the cable being used, and are
appropriately insulated.

•

The position of the return lead in relation to the diver must be such that at no
time does the diver or equipment become positioned between the ground and
the electrode. The diver must avoid becoming part of the electrical circuit,
due to electrolysis.

An underwater cutting operation with Swordfish™ involves several hazards,
including potentially harmful electrical current / voltage, and very high electrode tip
temperatures. It is impossible to anticipate all possible situations that may arise
from underwater cutting; consequently it cannot be assumed that safe operating
conditions will exist simply by blindly following the guidelines laid out in this manual.
Nonetheless, with a thorough knowledge of cutting fundamentals, and electrical
safety, combined with the use of suitable and sufficient control measures, the
procedures described within can be performed in maximum safety.
For sub-surface operations only competent and certified divers are allowed to
perform underwater cutting operations. All diving operations shall be carried out in
accordance with recognised national and international diving regulations.

Figure 2: Fume Extraction
Follow all employees’ safety practices.
The guidelines as specified by the
Association of Offshore Diving Contractors (AODC).
Safe use of electricity
underwater code of practice and the International Marine Contractors Association
(IMCA) publication D003.

3.2 RISK ASSESSMENT
The following document is provided as an example of possible format to be used for
the conduct of a risk assessment:
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RISK ASSESSMENT
Assessment No:
Project:

PMT 023-Sh ABC

Revision No: Original
Shell / ABC / 123

Date:

14/10/2003

Underwater Non-exothermic Iron Oxide Electrode Cutting of Pipeline
Project Manager, Shell Representative, Health and Safety Advisor, Diving Supervisor, Divers.

Hazard Impact / Effect /
Consequence

Action
Who / When

Hazards

Residual Risk

Activity / Event

Uncompensated
Risk Value

Description of Event:
Personnel Conducting Assessment: (Specifically Named)

Hazard
Probability

Defence Diving School

Hazard Severity

Location:

10

Consult plans and diagrams prior to
operation
Confirm with ROV, hat camera and
diver prior to cutting

4

Sup in
plans
prior to
cut

20

Remove all corrosion, wrappings and
marine growth from area to be cut.

10

Initial cut of target pipeline

Cutting in wrong location

Structural asset damage
Explosion
Diver injury / death

Cutting area with increased
explosive gas content

Gas (methane / Oxygen)
entrapment in pipe / hollows
/ voids

Structural asset damage
Explosion / blow-back
Diver injury / death

Cutting area with no escape
route for gas that is being
released from the process

Gas (methane / Oxygen)
entrapment in pipe / hollows
/ voids

Structural asset damage
Explosion / blow-back
Diver injury / death

5

5

25

Hot cut with Swordfish™
cutting electrode

Non-compliance with stated
procedures

Asset damage
Diver injury / death

5

1

5
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5

2

5

4

Risk Reduction / Mitigation
Measures

Provide ventilation / gas escape
points at top of area to be cut.
Monitor gas release during the
process
Cut from highest point downwards
Cold cutting is primary option, with
Swordfish™ as a contingency

10

3
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Hot cut with Swordfish™
cutting electrode

Inexperience / incompetence
of diver for Swordfish™
cutting operations

Asset damage
Diver injury / death

5

2

5

Overhead Hot cut with
Swordfish™ cutting electrode

Molten slag / molten material
falling onto diver / diving
equipment

Equipment damage
Diver injury

4

3

12

Hot cut with Swordfish™
cutting electrode

Electricity

Electric shock
Diver injury / burns /
death

5

3

15

Hot cut with Swordfish™
cutting electrode

Equipment failure

Asset damage
Diver injury / death

5

2

10

!
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Confirm competence and currency of
diver qualification in equipment
Provide adequate information,
instruction, training and supervision
Allow time for proofing on test-pieces
Avoid overhead cutting. Ensure good
umbilical management and
housekeeping
Diver to clean an area forward of the
cut, and secure the earthing clamp.
At no stage should diver position
himself between the work-piece and
earth clamp.
Ensure all plant and equipment is
certified and maintained in
accordance with planned
maintenance programme.
Conduct pre-use and function tests
top side prior to deployment

Action
Who / When

Risk Reduction / Mitigation
Measures

Residual Risk

Hazard Impact / Effect /
Consequence

Uncompensated
Risk Value

Hazards

Hazard
Probability

Activity / Event
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Hazard Severity
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5

5

5

5

The above Risk Assessment is provided merely as a guide to possible format. All cutting operations must be Risk Assessed, employing
the Assessment as a part of the overall Hazard Reduction Process.
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3.3 STORAGE & T RANSPORTATION
For storage and transportation, each of the following must be understood and
considered.
1.

Swordfish™ electrodes should be stored in a dry environment, in the
manufacturer’s containers. Suitable conditions for storage would be for
example: 60° Humidity and a temp between 20° / 30° (room temperature).
There are no hazards regarding the storage of Swordfish™.

2.

Electrodes should remain in their packaging until required.

3.

Electrodes should be handled and stored in a manner that prevents any
physical damage. Any damage to the electrode coating may have a
detrimental effect on cutting performance; therefore caution must be
exercised so as not to cause physical damage to the electrode coating.

4.

Part used boxes can easily be resealed. Tests in water have revealed that
providing the cutting electrodes water proof coating has not been damaged,
they can be left immersed for long periods and used with no degradation in
performance (follow manufacturers recommendations).

5.

It is recommended that electrodes are not taped together as this could cause
damage to the protective waterproof coating. Use of a suitable quiver is
required.

6.

Shelf Life: There is no limitation specified, however it is good practice to use
batches in order, which can be determined from the batch number as
indicated in the illustration below:

Batch Number

Figure 3: Batch Number
7.

Electrodes can be taken directly from the packaging into the water.

8.

Transportation: There are no transportation restrictions with the electrodes.
They can be transported safely and easily by Road, Rail, Sea or Air; however
it is good practice to make the Da ta Sheets available to drivers and loading
personnel.

The following pages illustrate Safety Data Sheets:
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3.4 UNPACKING S WORDFISH™
When unpacking Swordfish™, check the packaging for damage. If any of the boxes
are damaged, the contents must be carefully checked and any damaged electrodes
discarded. If they arrive in damaged condition they should be returned to the
manufacturer.
It is good practice to record batch numbers and use them sequentially. This will
assist in keeping cutting electrodes in prime condition.

3.5 SWORDFISH™ AND ASSOCIATED E QUIPMENT S ET -UP
User checks in accordance with manufacturer’s guidelines on welding plant
equipment must be followed.
The integrity of the welding leads must be inspected and damaged leads should not
be used.

Figure 4: Good Lead

Figure 5: Damaged Lead

An appropriate earthing clamp is to be checked for wear and tear and the cable
connection is positively secured as close to the cut as possible.
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The approved electrode holder (Stinger) has been marinised with resin compound
and is CE marked, in accordance with the use of underwater electrical equipment
guidelines.
The electrode holder (Stinger) is recommended for use with Swordfish™ by the
manufacturer. If an alternative holder is employed it shall be fit for purpose; all
connections shall be visually checked and rust free. Operation of the holder shall be
confirmed. The operator is to ensure that the cutting electrode can be held
securely, and easily released by the jaws.

Figure 6: Electrode Holder

Suitable personal protective equipment (PPE) is to be made available and in good
repair:
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•

Welders coveralls / smock for surface use

•

Protective gloves

•

Eye protection

•

Suitable head protection

•

Underwater visor for sub-surface work

•

Gloves / Neoprene diving gloves with latex under gloves for sub-surface work

Figure 7: Coveralls and Headgear

Figure 8: Protective Gloves

Figure 9: Head Protection
Ensure a suitable Open Circuit Voltage (OCV) is available from the machine (55 – 80
volts), and check to ensure constant voltage is maintained. If no metres are fitted to
the equipment, refer to the manufacturer’s data plate. The cutting process will be
hampered if the welding generator is in a poor state of repair or fluctuates during
the process
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Figure 10: Check Voltage

3.5.1

Welding Generator - Pre-Set-up Inspection
Successful underwater cutting is highly dependent on the efficient running of the
power supply unit, and the integrity of the secondary welding circuit. Before any
underwater work takes place, conduct the following:

© Shell – May 2004

•

The cutting power source should be fully inspected by qualified personnel.

•

The commutators on motor-generators should be clean. Brushes must not be
excessively short or worn. Slack brush rigging springs must be replaced.

•

All welding machinery and secondary circuit must only operate within its duty
cycle rating.

•

All power sources should be checked for confirmation of rated capacity before
use, by use of the manufacturer’s data plate, as shown in the following
illustration:
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Figure 11: Rated Capacity
Arc welding and plant equipment is addressed within BS EN 60974-1: 1998

3.5.2

Polarity 1
Underwater cutting and welding operations are usually performed with DC electrode
negative, i.e. Direct Current Straight Polarity (DCSP), but may also be used with
Direct Current Reverse Polarity (DCRP). However, greater care needs to be
exercised as electrolysis may cause discomfort / shock potential.
•

The cable from the electrode holder is connected to the negative (-) terminal
of the DC power supply

•

The positive (+) or ground cable is connected to the work.

The majority of the electrode manufacturers call for a DC electrode negative set up.
Occasionally, there may be a requirement for a reverse polarity, sometimes referred
to as Direct Current Reverse Polarity (DCRP), electrode positive for a particular
electrode, or for improved cutting.
This will normally be at the recommendation of the electrode manufacturer and will
be printed on the electrode box or included in accompanying literature.

1

Final piece here dependant on gas analysis
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3.5.3

Tong Test Ammeter
The Tong Test Ammeter is a portable instrument that will measure current flowing
in a circuit without making electrical connections to it. It is a most important tool to
have on hand while setting-up for and during underwater cutting operations. This is
especially true when there is uncertainty as to the output of a particular welding
machine. Costly mistakes and wasted bottom time may be avoided by simply taking
an ammeter reading before the diver enters the water. This step will eliminate any
doubt as to the actual welding generator amperage output. Excessive burning can
be achieved by a diver who has assumed the welding machine was functioning
properly, when in fact it was delivering amperage far in excess of the dial setting.
On the other hand, there have been many man-hours wasted by divers trying to cut
with too little amperage.
To determine the exact amperage output of the welding generator:
•

Take a tong meter reading.

•

Wait until the diver has established an arc and is cutting and simply encircle
the welding lead with the tongs of the test ammeter and close them.

•

A clear accurate reading will instantly register on the scale. This will be the
closed-circuit reading.

It is recommended that you do not rely exclusively on the values indicated by the
control panel knobs or installed meters. The meters are not intended for exact
current or voltage measurements. The Tong Test Ammeter will read the actual
current passing through the welding cable.

3.6 PRE-USE R OUTINE (SURFACE)
!

For ease of demonstration 3 phase DC equipment has been the preferred
power source. However, fundamentally all equipment checks are similar and
should be carried out prior to use.

It is recommended that these measures are incorporated into local procedures. Any
deviation from these measures should be fully justified and recorded within the risk
assessment.
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9.

A task risk assessment is carried out prior to any surface operation.

10.

Surrounding areas are checked and clear of combustible materials, such as
fuel stowage’s etc.

11.

Electric generator is in a suitable position, is grounded and does not interfere
with surface operations.

12.

When preparing an electrical generator for use the following procedure is
recommended:
a.

Ensure power isolating switch is in the off position

b.

The disconnecting safety switch (knife switch) is in the open (cold)
position breaking the circuit.
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Figure 12: Safety Switch
13.

Connect the Negative cable bayonet connection to its appropriate port on the
generator.

Figure 13: Negative Cable Connection
14.

© Shell – May 2004

Connect the Positive cable bayonet connection to its appropriate port on the
generator.
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Figure 14: Positive Cable Connection
15.

Set desired current on selector dial of the welding generator

Figure 15: current Selection
16.

M

Ensure the welding generator power switch is in the off position prior to the
mating of cables to the power supply.

If 3 phase DC equipment is being used ensure all connections have been checked for
damage prior to use. If damaged do not use!

Figure 16: Switch Off the Welding Generator
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Figure 17: Connect the Power Supply
17.

M

The cable must be flaked out and the material to be cut must be suitably
earthed.

Personal protective equipment (PPE) must be worn ready to cut, this includes
bystanders. Safety point: Arc rays can cause serious damage to eyes and skin.
18.

If a motorised generator is being used ensure fumes are down wind of any
compressors.

19.

Material to be cut is free of loose particles and clean prior to cutting taking
place.

20.

Carry out a visual check of the Swordfish™ cutting electrodes for damage
prior to use and position the electrodes in vicinity of job for ease of use.

Figure 18: Check Cutting Electrodes for Damage

Figure 19: Connect Electrode to Stinger
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21.

Connect the cutting electrode to the electrode holder (Stinger) ready for use.

22.

Turn the power switch on the welding generator to on.
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23.

Close the disconnecting safety switch (knife switch), making the circuit (Hot).

24.

When ready to cut it is advised to finally check that there is enough cable
(slack) to prevent snagging on the job, thus ensuring a smooth and
unhindered cut.

You are now ready to commence cutting.

3.7 PRE-USE R OUTINE (SUB-SURFACE)
It is recommended that these measures are also incorporated into local procedures.
Any deviation from these measures should be fully justified and recorded within the
risk assessment.
For electrical welding generators follow pre-use routine for surface cutting, including
the additional recommendations within this section.
Prior to the start of any underwater cutting it is good practice to consult and study
any drawings and physical configurations of the work area. Areas where cutting is to
take place must be studied to determine areas/voids that could contain or trap
potentially explosive gasses. These areas/voids must be vented or made inert to
prevent possible explosions.

M

25.

Careful examination of the target area and surrounding environment should
be made before starting the cutting operation. Particular attention should be
made as to how the cut away piece or molten metal will fall, and whether
there are any projections, wires or any other objects, which may foul lines or
cause a piece to swing around in an unexpected manner.

26.

If available an ROV can be deployed to obtain images of the site and
surrounding areas where cutting is to take place.

27.

Ensure a task risk assessment is carried out prior to all sub-surface cutting
operations. The Risk Assessment shall receive input from all concerned with
the process, including the diver.

28.

Check material to be cut for any types of coating or wrapping as this may
hamper cutting or cause unknown gasses to be released. If coatings are
detected, then the cutting operation may have to be delayed until any
potential hazard has been identified and the subsequent risk has been
eliminated or reduced to an acceptable level.

29.

If an electric generator is being used ensure that it is in a suitable position, is
earthed and does not interfere with diving or surface operations.

30.

All cables integrity have been checked, flaked out suitably, and the correct
placement of the ground connection (earth) is made prior to cutting. The
manufacturers recommended distance from the cut line is 300mm.

31.

When working in deep water, due to the weight it is sometimes beneficial if
the cables can also be supported by rigging a strain relief to assist the diver.

32.

It is recommended that the area to be cut is cleaned and free of marine
growth as it is known that marine growth releases gases into the water and
may have contributed to some explosions.

No work directly above the diver is to be carried out.
33.
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The diver is to wear appropriate personal protective equipment prior to
cutting:
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♦

HSE approved diving helmet with suitable welding visor fitted;

♦

Neoprene gloves with latex under gloves – gloves taped to the diving
suit.

34.

When making any connections ready for use, always ensure the welding
generator power switch is off and the disconnecting safety switch (knife
switch) is open (cold). Follow the set up procedures for connecting cables as
for the surface pre-use routine above.

35.

Ensure all connections of cable extensions are suitably insulated and water
proofed to prevent electric shock.

36.

Earthing clamp is securely attached to the material to be cut.

37.

The diver must ensure that he or she is not between the return lead and the
welding lead.

38.

All umbilicals / hoses are clear of the job.

39.

Set the desired current on the selector dial of the welding generator.

40.

Place cutting electrodes in a position where they are easily accessed for the
job, normally in a quiver.

41.

Connect a cutting electrode to the electrode holder (stinger) ready for use.

42.

Ensure suitable eye protection is worn, or welding filters are provided when
using Swordfish™.

43.

Welding generator has been powered up but the disconnecting safety switch
(knife switch) is cold.

44.

As the diver, you inform the surface supervisor to make it hot (the
disconnecting safety switch (knife switch) will be closed, making the circuit).

45.

The supervisor will then inform the diver that the circuit is hot.

46.

When ready to cut it is advised to finally check that there is enough cable
(slack) to prevent snagging on the job, thus ensuring a smooth and
unhindered cut.

You are now ready to commence cutting.
The following Check List is provided to aid supervisors, and contribute to the
management of a safe and comprehensive procedure.

!
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It is emphasised that the Supervisor’s Check List illustrated overleaf is
provided for guidance only. It should be used in conjunction with this User
Manual and local procedures, being adapted to meet the specific
circumstances of each cutting operation.
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Swordfish™ Iron Oxide Cutting Electrode Supervisor’s Check List
The following checks are to be conducted:
Surface Preparation:
1.
2.
3.
4.
5.
6.
7.
8.

Yes

No

Yes

No

Are the torch, earthing clamps and cable joints insulated correctly?
Is the generator earthed correctly?
Has the generator polarity been checked and confirmed?
Has the equipment been function tested prior to sub-surface deployment?
Are all cables free to run and clear of sharp edges or snag hazards?
Has the target area been confirmed with the client?
Have potential gas entrapment areas been identified?
Has the diver been included in the risk assessment process and briefed by the supervisor?

Comments:

Sub-Surface Preparation:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Does the diver have the correct Personal Protective Equipment available?
Is the electrical power isolated to the torch prior to and during deployment to the diver?
Is the diver established in the correct position, and NOT between the return lead and the welding lead?
Is the diver’s umbilical clear of the cutting operation?
Has the diver checked above and around the cutting area to ensure there are no potential areas of gas
entrapment?
Has the area to be cut been cleaned of marine growth and corroded material?
Has the diver checked beneath the cutting area to ensure that any molten material will fall clear of
equipments?
Do vent holes need to be cut to release any trapped gas?
Is it safe to cut vent holes (If required ensure the diver knows to cut from the top down)?
Is electrical power isolated when changing electrodes or performing maintenance to the cutting equipment?
Is electrical power isolated when the diver leaves the work site, returns to the bell or returns to the surface?
Can the structure being cut fall on the diver or on his or her equipment?

Comments:

Supervi sor Signature ..............................................................
Printed Name.........................................................................
Task .....................................................................................
Date ....................................................................................
Time .....................................................................................
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3.8 OPERATION (SURFACE / SUB-SURFACE)
The Swordfish™ electrode provides an effective and efficient cutting result and is to
be used with a constant current DC welding generator set on straight polarity
(electrode negative) supplying current to the electrode. With the work grounded,
the electrode will ignite as it touches the work.

!
3.8.1

3.8.2

3.8.3

AC power can be used for surface cutting operations

Advantages
•

Cutting technique is simple and easily mastered with appropriate tuition

•

Metals up to 75mm in diameter can be cut

•

Cutting is accurate on most materials

•

Neat, trim and narrow cuts are produced

•

Power required is between 200 & 400 Amps of welding power supply

Disadvantages
•

The burning time of the electrode is short (approximately one minute)

•

It produces a narrow gap which may be difficult to locate in poor visibility

•

A welding supply is required

Cutting Techniques
DRAG
The drag technique can be used for cutting thin gauge metal by dragging the
electrode along the desired line of cut, but ensuring the tip of the electrode is
always in contact with the metal being cut. This technique works more effectively
using larger electrodes and higher currents. The diver may find that using the drag
technique in a flat position is more effective than in other positions.
S TEP FORWARD
The step forward technique can be used for cutting heavy gauge metal by using the
electrode in a sawing motion to push away the molten metal out of the far side of
the cut.
Skilful application of this sawing technique makes the metal-arc cutting process
practical over a wide range of thicknesses. When cutting non-ferrous metal round
stock, a sawing motion should be used, starting at the bottom and pushing through.

!
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When using underwater, prior to cutting if not already done so, it may be
necessary to cut gas escape holes.
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3.8.4

Getting Ready to Cut
1.

The Electrode should be held between 45° - 90° to the work, thicker the
target the steeper the angle should be.

Figure 20: Preparing to Cut
2.

To commence cutting – Lightly remove the waterproof coating from the end
of the electrode by rubbing it against a file. Put welding visor into position.
Place the electrode exactly where you wish to start the cut. When diving is
taking place, inform the supervisor to “Make it Hot.” One of two things may
now occur.
a.

The Arc is struck, but sticks to the work.

If the electrode sticks, simply rub the electrode gently up and down until the
arc is struck, a slight twisting action may aid this process.
b.

Nothing happens at all

If nothing happens, the waterproof coating is still preventing electrical
contact. Continue to remove the waterproof coating. With the power still hot,
scrape the electrode along some scrap metal (as if striking a match) until the
exposed core wire is level with the flux coating again.
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3.

When cutting, maintain a firm pressure to keep the electrode against the
work, while steadily moving along the line of cut. To achieve an efficient cut,
pressure must be maintained in keeping the electrode against the target.

4.

When it becomes necessary to change electrodes underwater, the diver is to
inform the supervisor that he wishes to do so by giving the command, “MAKE
IT COLD.” The supervisor will then break the circuit by opening the
disconnecting safety switch (knife switch) and will return a report back to the
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diver, “Cold” when the disconnecting safety switch (knife switch) is in the
open position.

M

It is important that the operator does not operate the switch unless specifically
directed to do so by the diver. Furthermore, when directed to do so he should
confirm each change to the diver.
Once electrodes have been changed, the diver will inform the supervisor of this by
stating, “Make it Hot” the supervisor will close the disconnecting safety switch (knife
switch) and inform the diver of this by stating, “Hot.”

3.8.5

Emergency Shut down
If at any time a problem an emergency occurs the following procedure is to be
followed:
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5.

Stop cutting (Inform the surface);

6.

Isolate the cutting circuit immediately – Make it cold;

7.

Turn the power isolating switch to off;

8.

Seek medical assistance if necessary.
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Chapter 4 MAINTENANCE
4.1 GENERAL CARE
After the equipment has been used, the following procedures are recommended:
•

Wash all equipment that has been immersed in salt water with fresh water.

•

Cables – The electric cables are to be washed in fresh water and dried before
storing the cable ends and stinger can be coated in anti-water dispersant.

•

Connections – All cable connections should be stripped, cleaned and reinsulated. If not being used again for extended periods, all cables and hoses
should be dusted with French chalk.

•

For surface cutting, check the cables and associated equipment for damage /
burns and replace if necessary.

•

Equipment should be stored in an oil free environment.

•

Electrodes that have been exposed to salt water should be checked for
damage and blown dry and stored to manufacturer’s recommendations.

4.2 MECHANICAL S ERVICING
There is no mechanical servicing required with Swordfish™, however if the stinger
or an alternative electrode holder is used the appropriate servicing procedure should
be followed.
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Chapter 5 TROUBLESHOOTING
5.1 IDENTIFYING THE FAULT
If you cannot get an arc check the following:
•

Is Open Circuit Voltage (OCV) available?

•

Has the disconnecting safety switch (knife switch) connection been made?

•

Are all connections tight and secure?

•

Is the cutting electrode damaged?

•

Check the earth clamp is secure and well attached.

•

Is the power source turned on and set to the required ampage for the job?

•

Is the electrode holder (stinger) fit for use?

5.2 ORDERING PARTS
The Underwater Welding Stinger and Swordfish™ Cutting Electrodes can be ordered
from:
Speciality Welds
Office Suite 18
Moorlands Business Centre
Balme Road
Cleckheaton
West Yorkshire
BD19 4EW
Tel:
Fax:
Email:
Website:
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+ 44 (0) 1274 879867
+ 44 (0) 1274 855975
Sales@Specialwelds.com
http://www.specialwelds.com
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Chapter 6 LIMITED WARRANTY
If found to be defective, providing the equipment has been used within the
manufacturers guidelines the cutting electrodes will be replaced at no additional
cost.
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Chapter 7 QUALITY CONTROL
If at any time Swordfish™ becomes defective or results have deteriorated for
unknown reasons then the manufacturer should be contacted for advice / feedback.
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