Darchem Thermal Protection Esterlinéa

PASSIVE FIRE PROTECTION — TESTING & CERTIFICATION

When comparing Darchem’s Darmatt and Darshield Passive Fire Protection solutions to other similar
systems available, it is essential that careful consideration is given to 3™ party testing and
certification by independent accredited bodies — such as Lloyds Register, DNV and ABS. Furthermore,
an understanding is required as to the type of certification provided, from a simple ‘Witness Test
certificate’ to a ‘Type Approval Certificate’.

Passive Fire Protection

The purpose of Passive Fire Protection (PFP) systems is to protect critical flow, process and safety
equipments against fire damage and to allow safe controlled plant shutdown in the event of a fire.
This means that critical equipment, controls and instrumentation must be able to operate
throughout a specified protection period.

Specifications for PFP usually demand that “Equipment shall be protected against a ‘fire type’ for a
period of ‘X’ minutes”. This means that the equipment must be protected appropriately with a PFP
system to remain below its failure temperature during the specified period.

Fire Scenarios

There are 2 main fire scenarios for testing. Hydrocarbon Pool Fire, the common standards being
UL1709, BS476 Pt 20 Amdt 6487 and ISO 1363-2; and Hydrocarbon Jet Fire, the common standards
for which are I1SO 22899-1 and OTI95-634. (OTI is a testing method agreed by the Jetfire Test
Working Group whose members include major oil & gas operators as well as health & safety
organisations) which has now been introduced as the basis of an international standard in the form
of 1IS022899-1).

NOTE - It should be understood that all of these standards (UL1709, BS476Pt20 Amdt 6487,
1SO1363-2, 1S022899-1 and OTI95-634) refer specifically to the testing of structural steel, and not
specifically for flow or process equipments. There are a variety of pass/fail criteria’s. UL1709 is for
structural steel and therefore has a higher pass/fail temperature than BS476 Pt20 AMD 6487 or
1ISO1363-1 & 2. The Jetfire test OTI 95-634 records the temperature of a steel plate and takes note
of the maximum temperatures during the test. There is no pass/fail temperature, only an integrity
requirement. The new international standard ISO 22899-1 has a pass/fail criterion of maximum
temperature of any thermocouple (as opposed to the average temperature of the thermocouples)
on the steel plate not exceeding 400°C. This standard also requires the system under test to form
corner joints in addition to the usual planar feature.

The aforementioned standards define:

e Fire Curve

e Pass / Fail point

e Test sample geometry

e Jet Velocity (for Jet Fires) — including shape of nozzle, fuel type and flow rates
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Pass / Fail Point and PFP system design

It should not be acceptable for a supplier of Passive Fire Protection to simply say that the quoted
solution meets with the requirements of UL1709, ISO 22899-1 etc.

A PFP system can pass a fire test but the equipment being protected will have reached its failure
temperature and hence cannot operate as required in case of emergency. The failure temperature
(or maximum permitted temperature) for actuators (usually a maximum of 110°C) is much lower
than the failure temperature for structural steel at 400°C. This basically means that a greater
thickness of fire protection is required to keep an actuator below its failure temperature at the end
of the test period, than is required for structural steel work.

When sourcing Passive Fire Protection, please ask the questions:

e How is the thickness of the fire protection calculated?

— For example, how is the difference between the starting temperatures of a project
specification to that of any test starting temperature taken into account when
calculating PFP thickness?

e What will be the temperature of the actuator at the end of the protection period?
e How can the length of protection be confirmed?
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o How does the mass and heated surface area of the equipment to be protected compare to
that of the test sample?

The design of Darchem’s fire protection solutions is computer generated using a unique Lloyd’s
certified program, Offtranp, which determines the optimal insulation thickness for each fire scenario
and equipment being protected. The Offtranp Thermal Transient program is:

o  Fully certified by Lloyds Register and included within our Type Approval Certification
e Calculates the required thickness of fire protection
e Calculates the temperature of the equipment at the end of the protection period

A sample print-out of an Offtranp calculation for Jet Fire 60 minute protection required for a typical
actuator can be seen in FIG. 2 below.

FIG. 2
Darchem GA: XXXXX-XX
XXXXXX - XXXXXX : BIFFI ALGAS 0,9C-0400-335-CL
Calculations Using JetFire Firecurve. Duration of fire
Duration of Run 60 minutes protection reauired
Mass of Protection Shield Contents 478.5kg 7
Insulation Type Darmatt from 128kg/cu m I
Darmatt consists of 5 layers of 25mm thickness
Inside Area of Darmatt 575sqm Specification of
r;‘::t‘:)':‘;:;p&m:;g"e” Section $::2m Darmatt being used )
Metallic Cross-Sectional Area of Stem 0.00542sqm |
Length of Stem to Outer Surface of Shield 0.32m
Temperature of Exposed Stem at 60mins 1200 deg C Starting temperature (before
Ambient Temperature 45deg C
Time Constant Used in Calculations 0.305 second fire) of brotected eauioment )
Time (mins) Temperature Distribution Through System (deg C)

30 1200 918 569 215 65 46 45 45 45 45 45 45

6.0 1200 1004 768 4% 230 | 82 49 45 45 45 45 45

9.0 1200 1042 855 640 406 | 194 | 80 50 46 45 45 45

120 1200 1064 906 726 525 | 319 | 151 m 50 48 45 45

150 1200 1079 941 784 608 | 420 | 242 | 115 | 62 48 46 45

18.0 1200 1091 966 826 669 | 499 | 326 | 178 | 89 56 47 45

210 1200 | 1099 986 858 [ 716 | 561 | 399 | 245 | 120 [ 71 51 45

240 1200 1106 1001 884 753 | 611 | 459 | 308 | 179 | 95 58 46

270 1200 112 1014 905 784 | 652 | 510 | 365 | 230 | 128 | 67 46

30.0 1200 1117 1025 922 810 | 686 | 553 | 415 | 280 | 164 | 79 48

33.0 1200 1121 1034 938 832 | 716 | 590 | 458 | 325 | 200 | 92 50

36.0 1200 1125 1042 951 850 | 741 | 622 | 496 | 364 | 233 | 105 53

39.0 1200 1128 1049 962 867 | 763 | 649 | 528 | 398 | 263 | 117 56

420 1200 1131 1055 972 881 | 781 | 673 | 555 | 427 | 288 | 129 61

450 1200 | 1133 | 1060 980 | 893 | 797 | 693 | 578 | 452 [ 310 | 139 66

480 1200 1136 1065 988 904 | 811 | 710 | 598 | 472 | 328 | 149 il

51.0 1200 1137 1069 994 013 | 823 | 724 | 614 | 489 | 343 | 158 m

540 1200 1138 1073 1000 | 920 | 833 | 736 | 628 | 504 | 356 | 166 84

57.0 1200 1140 1076 1005 | 927 | 842 | 746 | 639 | 516 | 367 | 173 91

60.0 1200 1142 1078 1009 | 933 | 849 | 755 | 649 | 526 | 377 | 180 98
These calcyiations have been carried out in accordance with the Business Operating Procedure reference 7.04
NOME: . oo ssmssonpan comssimummsemscinstoamtsspanassmnsi 10 |-

Final temperature of equipment
inside fire protection (after required

Outside temperature of fire [
protection (1200°C) for 60 minutes | ... 17— protection period)

| |
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This particular example of an Offtranp calculation shows that a 5 layer Jet Fire Darmatt system is
necessary to ensure that the Temperature Rise of the actuator in question does not exceed failure
(limiting) temperature. Ambient (or Operating Temperature) is considered as the start temperature
and the Fail Temperature is based on the equipment manufacturer specifications. For example,
actuator Fail Temperatures are usually between 70°C and 110°C depending on the seals and
controls; whilst valves are usually around 200°C depending on process temperatures. For Pipe Work
and Vessels a Fail Temperature of 400°C is often used, again depending on the process.

Other critical parameters considered by Offtranp include:

Fire scenario

Fire temperature

Duration of fire

Size and mass of equipment

Ambient temperature

Operating temperature of the equipment
Fail / Limiting temperature of the equipment

The difference between the Operating Temperature and the Fail Temperature is the Temperature
Rise and along with the other parameters to determine the Darmatt jacket thickness. Since the
software is approved by Lloyds, all calculations and resulting output are therefore approved and
ensures the system design will be as necessary to meet customer fire protection specifications.

Importantly Offtranp demonstrates that ‘one size does NOT fit all’ and that a supplier cannot
propose the same thickness PFP for different fire scenarios and equipment types!

Test sample geometry

Test samples should represent as closely as possible the type of equipment to be protected as well
as incorporating all parts that make up the complete PFP system. Unfortunately many test samples
only represent the main body of the enclosure system (i.e. a panel section), but do not include fixing
methods (belts'n’buckles or Velcro) or edge / corner features that would feature in real-world
installations. Test samples can be tubular sections of piping or flat plate.

Darchem however ensure that for Hydrocarbon Pool Fire and Jet Fire conditions, test samples

include features (such as corner joints and lacing) to truly represent a PFP enclosure as actually
installed in the field:
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FIG. 3 — Before, during, and after a 180 minute Jet Fire Test — Flat Panel protected with Darmatt Jet Fire jackets - with

corner and edge features, lacing and Darvent

FIG. 4 — Darmatt Furnace test for Hydrocarbon Pool Fire FIG. 5 — Darshield Fire Test

Types of Fire Test Certificate

There are 2 types of Fire Test Certificates: “Witnessed Fire Test Certificate”, and “Certificate of Fire
Approval or Type Approval Certificate”.

A Witnessed Fire Test Certificate is applicable only to the exact situation tested. This means that if
the exposed surface area, shape, weight or failure temperature is changed from that used during
the test, the test certificate does not cover any other application other than the tested item.

A “Certificate of Fire Approval” or Type Approval Certificate” on the other hand is the testing of the
design principles of a system, and the certificate is valid for any changes within the wording of the
certificate.

e Unless the certificate states that it covers “Enclosures”, then it is not valid for enclosures.

o Unless the certificate allows the thickness of the fire protection to be calculated, then the
certificate is only valid for the thickness, starting temperature, and final temperature at
the end of the test identified within the test report.
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Examples

Please note FIGS. 6 & 7 that show text taken from a ‘Lloyds Certificate for Structural Steel’. This is an
example of a Type Approval Certificate for a that does NOT allow for changes to the thickness or
final temperatures away from the test standard, nor does it cover enclosures. It is really only
suitable for jackets banded around tubular or structural steel sections, yet is still offered and even
accepted as a certificate to cover PFP for valves and actuators.

Note that condition 3 in FIG. 7 advises that this system should not be considered for systems with
‘corners or edge features’, hence rendering the certification invalid for real-world scenarios, i.e.
protection of ESD valves, actuators and either critical equipment.

Also condition 3 refers to a HP/A factor for calculating the material thickness. As this is generally
used for structural steel work, it does not consider any operating temperatures, and hence further
invalidates any design used for protection of flow control equipment.

FIG. 6
Type STRUCTURAL STEEL JET FIRE PROTECTION SYSTEM i
i Description Planar Structural Steel, Cylinder Vessels, Pipe or Tubular Sections i
s protcted it =
FIG. 7

CONDITIONS OF CERTIFICATION

1. Applications to be based on two 120 minute jet fire exposure tests performed on a Tubular Section
(Hp/248) and a Panel Specimen, both fitted with a flexible fire resistant insulation jacket
(61mm total nominal thickness).

2, Suitable approved insulation is to be applied to any other part of the protected fire exposed surfaces not
covered by the jacket, in all cases. In particular, attention is to be paid to means of securing jacket
boundaries and the prevention of heat bridging; an overlap of at least 150mm should be provided
between the two systems.

3. May be considered for applications on tubular sections, pipes or cylindrical vessels of any diameter, but
not with corners or edge features (see OTI 95 634 Section 5.2) and not exceeding an Hp/A factor of 248,
(Where "Hp' is the outside circumference and ‘A’ is the cross-sectional area)

4. Applications in each case to be approved by Lloyd's Register at the design stage.

5. Production items are to be manufactured in accordance with a quality control system which shall be
maintained to ensure that items are of the same standard as the approved prototype.

NOTE

No additional hydrocarbon fire tests were submitted by the manufacturer to demonstrate the relationship
between hydrocarbon and jet fire test results, to enable variations in time/temperature criteria, jacket
thickness or Hp/ A values to be assessed.
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Now compare this with the wording from Darchem’s Lloyds Type Approval certificate (FIGS. 8 & 9)
which allows for changes in design, shape and final temperatures at the end of the test period
through use of Darchem’s own “Offtranp” programme (FIG. 6 Condition 2), and fully covers
enclosures.

FIG. 8

CERTIFICATE OF FIRE APPROVAL

This is to certify that

The product(s) detailed below will be accepted for compliance with the applicable Lloyd’s Register Rules and
Regulations for use on offshore installations classed with Lloyd’s Register, and for use on offshore installations
when authorised by contracting governments to issue the relevant certificates, licences, permits etc.

Manufacturer Darchem Engineering Limited
Address Ironmasters Way
Stillington

Stockton-on-Tees
Cleveland, TS21 1LB
United Kingdom (UK)

Type FIRE PROTECTION ENCLOSURE SYSTEM

Equipment Description Fire Resisting Enclosure System - Type: “DARMATT FIRE
PROTECTION WRAPS” for Hydrocarbon and Jet Fire Exposures

Specified Standard British Standard BS 476: Part 20, EN 1363-2, UL 1709 (Hydrocarbon
Fire Exposures) and AMD 6487,

Health & Safety Executive, Offshore Technology Report — OTI 95 634
“Jet Fire Resistance Test of Passive Fire Protection Materials”

FIG.9

CONDITIONS OF CERTIFICATION

1. “Darmatt Fire Protection Wraps” for hydrocarbon fire exposures consists of various layers of
“Insulfrax” insulation encapsulated into a flexible weatherproof jacket. All joints to be secured by
stainless steel wire lacing through the full jacket thickness. For jet fire exposures the external facings
have an additional layer of stainless steel mesh and either an overlap joint or cover strip 300mm wide
of the same jacket material is secured by stainless steel wire over all joints and through the full jacket
thickness.

2 Thermal Insulation thickness and density is to be determined by Darchem Engineering Limited using
their computer program “Offtranp” and a print-out of the computer calculations used to complete the
thermal insulation thickness are to be submitted for approval at the design stage. For Jet Fire
exposures the program is to be based on the maximum temperatures derived from jet fire tests
described in the Appendix to this certificate.

3 Suitable insulation arrangements for any other part of the protected fire exposed surfaces not covered
by the jacket are to be approved by Lloyd’s Register, in all cases. In particular, attention is to be paid
to means of securing jacket boundaries and the prevention of heat bridging; an overlap of at least
150mm should be provided between the two systems.

4. Drawings for each enclosure are to be submitted to Lloyd’s Register for approval at the design stage.

b5 Production items are to be manufactured in accordance with a quality control system which shall be
maintained to ensure that items are of the same standard as the approved prototype.
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The Type Approval Certification achieved for both Darmatt and Darshield PFP enclosures, in
conjunction with the use of the Offtranp program, means that for any solution provided by
Darchem:

e [tis valid for structural steelwork and enclosures

o The surface temperature of the protected equipment at the end of the specified fire period is
calculated and certified

o The required thickness of the jackets is calculated and certified

o The protection period is calculated and certified

Certificates

Copies of Darchem’s Lloyds Type Approval certification for Darmatt and Darshield PFP systems, as
well as 1S09001:2008 Quality and ISO 14001:2004 Environmental certification can be downloaded
from the Darchem website www.darchem.co.uk or are available on request at
dtpsales@darchem.co.uk

3 Certificate
of Registration
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Summary

The critical importance of Passive Fire Protection performing to (or better than) the quality and
safety levels required in engineering or HSE specifications is such that genuine and appropriate
product certification is provided that is issued by an accredited third party. The pressures of
legislation and compliance mean that the in the event of a failure of the fire protection, it can be
shown that all reasonable efforts have been made to ensure the quality of a certified product or
system, and that it is ‘fit-for-purpose’ when installed correctly.

TYPE APPROVAL CERTIFICATION FOR ENCLOSURES IS NECESSARY
TO ENSURE THAT THE PRODUCT IS ‘FIT-FOR-PURPOSE’.

Darchem Thermal Protection, Darchem Engineering Ltd, Stillington, Stockton-On-Tees, TS21 1LB, UK
Tel +44 1740 630461 — Email dtpsales@darchem.co.uk — Website www.darchem.co.uk
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