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I . Introduction 
Deluge Systems in general, should be periodically tested 
to ensure there is no restriction to the nozzles; ensuring 
they are not obstructed by marine debris or particulate 
materials from internal corrosion. Testing of deluge systems 
is typically carried out using a "Wet Testing" method that 
involves operating the system and visually inspecting the 
spray nozzles to ensure full functionality. This type of 
testing naturally saturates the production equipment that is 
being protected by the deluge system. 

Although Wet Testing is a low-cost accepted method of 
verification, it typically creates an environment that impacts 
both the deluge system and the asset it is designed to protect 
in the event of a fire by aggressively stimulating corrosion. 
The cost and impact of corrosion resulting from Wet Testing 
is a significant contributing factor in maintenance activities 
over the life of an asset. 

This paper discusses the operations and maintenance 
impact of corrosion on offshore and near shore oil and gas 
assets using sea wate.r deluge systems; and details a verified 
technique that has proven to reduce or even eliminate 
Wet Testing techniques. The methodology in discussion 
uses a system to accurately measure virtual flow at the 
nozzles using dry conditioned air to simulate flow as if Wet 
Testing has occurred. This technology avoids the need to 
introduce saltwater and marine debris into the deluge system 
downstream of the deluge valve to keep the system debris free 
whilst eliminating the saturation of production equipment. 

Table 1. Advantages and Disadvantages of Wet Testing 

Advantages 

Physical verification of the deluge system functionality is 
achieved. 

Obstructions between sprinklers and the process equipment 
can be identified (Scaffold, temporary access platforms, etc.). 

The direct cost of testing is low. 
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The benefits of Dry Testing have proven to be significant 
by not only directly improving the reliability of the fire 
protection system but also reducing saltwater saturation of 
production equipment. Wet Testing has historically been a 
contributing factor for causing corrosion under lagging. By 
avoiding the saturation of production equipment corrosion 
is naturally prevented allowing costs to be reduced and asset 
reliability improved. This will be discussed as a case study. 

1.1 Wet Testing 
Wet testing is the most common type of deluge system 
testing and represents the most reliable method to verify 
operation and functionality of every sprinkler nozzle and 
pump operation. This form of testing involves activating the 
deluge pump manually and walking the system to visually 
inspect operation. Verification can be subjective and a whole 
range of standards are used across the industry to determine 
functionality. Standards range from the inspector physically 
looking at the sprinkler and determining that the spray is 
adequately saturating the process equipment, through to 
capturing the water being discharged from selected nozzle/s 
into a measuring pan and volume being recorded over time 
to verify flow. 

Wet testing has a number of side effects that have both 
immediate and longer-term implications to the asset that 
the system is designed to protect. These are detailed in 
Table 1. 

Disadvantages 

Impact to normal operations. Usually requires other activities 
to be stopped and personnel evacuated from the test area. 

Requires extensive preparation of the test area ahead of testing 
including removal of free-standing equipment, bagging up of 
electrical equipment/ instrumentation, oil removed from drip 
trays, etc. 

Testing introduces seawater which accelerates corrosion in 
various fonns (microbial, aerobic and anaerobic). 

Debris and marine growth can be lifted and carried into the 
deluge system which in time can restrict flow. 

Test water post testing drains naturally leaving an 
environment of saltwater residue and air promoting internal 
corrosion to the deluge system . 

Process equipment is saturated with salt-water which 
accelerates corrosion and typically increases the cost of fabric 
maintenance. 



1.2 Risk Based Inspection 
In order to avoid Wet Testing, various forms of risk-based 
inspections are carried out to verify the system functionality. 
This type of inspection is carried out using visual, NDT, camera 
inspection and mechanical intervention such as removing 
nozzles to inspect the internal condition of the piping. 

Table 2. Advantages and Disadvantages of Risk Based Inspection 

Advantages Disadvantages 

Provides a better Still requires wet testing on occasions to 
understanding of ensure functionality. 
how the deluge 
system degrades. 

Less salt-water Potential to miss degradations or 
is introduced as internal obstructions if carried out 
the frequency incorrectly or if the entire system is not 
of wet testing is inspected in its entirety. 
minimal. 

Reduces the Resource intensive taking labour 
frequency of and equipment to record the various 
wet testing inspection data and consolidate into a 
therefore giving single meaningful report that represents 
all the associated the system effectiveness. 
benefits. 

Will require the deluge system to be 
out of action whilst inspections and 
interventions are carried out. 

The frequency of inspections is unclear 
and will vary from asset to asset. This 
leans towards greater frequency in the 
beginning of the program increasing 
operational costs. 

1.3 Smoke Testing 
Smoke testing involves a smoke generator being connected 
to the system as a temporary measure. Contract staff provide 
the service to execute the test. Typically, a smoke generator 
is used to generate the smoke which is injected into the 
system via a connection. Smoke is discharged at the deluge 
nozzle and a visual inspection is carried out to verify smoke 
is exiting the nozzle (see Table 3). 

1.4 No Testing 
In many cases no testing of deluge systems occurs to avoid 
the disadvantages of testing. Commonly fire-pumps are 
started to test their operation, but water is not fed into the 
deluge system. 

2. Current Problems Of Wet Testing 
Wet testing is often used as the "cheapest" way to prove 
compliance. However, a number of costs are typically 
not considered whilst making this calculation. These are 
outlined below: 

2.1 Asset and Contractor Ma npower 
Typically, on older platforms a module will be prepared for a 
wet test by "bagging off" especially where there is sensitive 
electrical equipment to protect (Figures 1, 2, & 3). Properly 
prepared modules can prevent shutdowns and critical 
equipment damage but this takes t ime. 

Very often properly prepared modules require the removal 
of lagging to ensure there is no build-up of seawater under 
insulation. The removal of lagging and reinstatement is 
another time-consuming job. This work often requires 

TECHNICAL NOTE Ill 

supervision from electrical/instrumentation technicians, 
taking valuable time away from other tasks. 

When performing the wet test the conditions inside the 
module can be extremely hazardous as inspection requires 
operators to determine the nozzles are free flowing, lack of 
visibility and trip hazards through pooling water must be 
managed to ensure the test can be performed safely. 

Table 3. Advantages and Disadvantages of Smoke Testing 

Advantages Disadvantages 

Salt-water is not Interpretation of nozzle performance 
used, leaving the is subjective. Backpressure, routing 
system dry. and positioning make it difficult to 

verify effectiveness. Effectively flow is 
unquantifiable meaning repeatability of 
results is always a risk. 

No Stop work is Subjective to environmental conditions 
required during (Rain, Wind, Mist). 
testing. 

No Direct testing Specialist company required to perform 
cost. service. Direct and indirect costs of 

testing are high. 

No implications The condition and performance of 
of testing the system will only be verified in the 
experienced, event of an emergency when the deluge 
eliminating the system is called to action. 
indirect costs and 
time impact. 

Figure 1: Wet Testing 
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Figure 2: ·Bagging otr preparations for Wet Testing 

Figure 3: ·Bagging otr sensitive eqwpmenl 

2.2 Corrosion Damage to Carbon Steel Deluge System 
Many modern deluge systems are built using Kuni fer or 
Composite deluge pipework. However, where carbon steel has 
been used the corrosive effects of regular wet testing can be 
extremely detrimental as seen in Figures 4 & 5. This damage 
effectively renders the system unavailable when required in 
an emergency. The damage can be found both in the "header" 
pipework and the smaller pipework supplying the nozzles. 

Figure 4 Corrosion debris in header pipework 
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Figure 5 Corrosion debris blocking nozzle 

2.3 Da m age to Plant an d Asset fabric 
The single biggest cost of a "cheap" wet test is the long-term 
fabric maintenance costs. Generally, platforms and offshore 
equipment are made from carbon steel and thoroughly 
covering this steel with salt water on a regular basis generates 
a hidden cost which only becomes evident over the long term. 
Research performed by operators suggests fabric maintenance 
costs from wet testing over the life of a platform is in the tens 
of millions USO. 

2.4 Corrosion Under Insula tion 
If lagging or insulation is not removed prior to a wet test, the 
resulting corrosion can be amplified for a number of reasons. 
Firstly, the moisture is held against the pipe for substantially 
longer than a non-lagged p ipe with moisture continually 
"re-filling" the 6 o'clock position until the lagging dries. The 
salt is held against the wall of the pipe and not rinsed off 
and therefore becomes more concentrated as the moisture 
evaporates. Typically, the heat under the insulation accelerates 
the corrosive impact and finally the corrosion is hidden and 
can go unnoticed without a regular inspection regime. This 
"cost" has significant safety implications and can lead to loss 
of containment if left unchecked. 

2.5 Other Costs 
Other costs of wet testing can include unplanned shutdowns 
when equ ipment is tr ipped due to water damage, flooding of 
modules due to blocked drains and gas head sensor damage 
due to saltwater spray ingress. 

3. Dry Testing Alternative Methods 
3.1 Alterna live Methods for Testing 
Typically, wet deluge testing is only perfonned when there 
is no other choice, or it cannot be put off any longer, either 
due to a company or local regulations compliance regime. 
Some operators have managed to put off wet-testing for up 
to 15 years through material selection and lax compliance 
regime. However other v iable methods of reducing wet testing 
to prove compliance include: 

■ Integrity Management through regular inspection and 
borescoping. This can be used to build a case that a system is 
still fit for purpose without wet testing. 

■ Smoke and Vapour can be pumped through system to 
determine if there is flow reaching each nozzle and this used 
as evidence that the system is still functional 

■ Dry-Flo™ can be used to determine exactly what the 
flow will be at each nozzle and whether it will meet the 
performance standard set out in the asset safety case. 



4. What Is Dry-Flo"'? 
Dry-Flo"' is a proprietary system combining hardware, 
software, and physics, which allows the testing of deluge 
systems without pumping water. The system can be provided 
in mobile format or permanently installed (Figures 6, 7 & 8). 
The user interfaces to the system through proprietary software 
which communicates with wireless pressure sensors installed 
throughout a deluge system. Conditioned air is pumped 
through the system and the network of sensors record the 
pressure losses throughout the line, computer algorithms are 
then used to interpret the results and determine the virtual 
flowrate from nozzles in the deluge set. 

The air flow into the system is conditioned (dried), 
controlled, monitored and constant with extremely high 
repeatability between tests. This allows the detection of very 
small changes within the line and corresponding equivalent 
water flow changes . 

Figure 6: Dry-Flo™ Example 

Figure 7: Installation of sensors 
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Figure 8 Dry-Flo™ data acquisition system 

Figure 9 Debris detected by Dry-Flo,~ 

The Zone O wireless sensors are installed upstream of the 
nozzles and can be left permanently installed for up to 
eight years. The sensors are wirelessly woken and put to 
sleep, allowing a test to be performed without intervention. 
The sensors are not installed on every nozzle but typically 
at the end of every branch with approximately 30% of all 
nozzle pressures recorded. The sensor/nozzle allocation 
is performed prior to deployment in accordance with the 
procedures developed during DNV qualification . 

The low-pressure sensors are extremely accurate at low 
pressures and this allows for the detection of pressure 
differences of less than O.OOOlbar. This accuracy in 
combination with repeatable air flow al low for the detection 
of restrictions such as a partial restricted nozzle found offshore 
in the North Sea (see Figure 9). 

Air flow is provided either through use of customer or third 
party compressors with pressure regulated down or a blower 
system. The system can be both mobile and fixed. 
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5. How Does Dry-Flo'·" Work 
5.1 Principles of Dry-flow 
Deluge systems must be tested to ensure that the correct 
density application rate is applied. Fire engineers design 
systems to ensure the nozzle size and spacing is correct to 
meet this standard. The densi ty application rate is given by: 

Flowrate from nozzle 
De11sity Application Rate= ----'-----

Area of Coverage 

The area of coverage is fixed and is determined by the design 
of the deluge system and any modifications after instalment. 
However, the flowrate from the nozzle can vary if restrictions 
are present within the deluge system. Therefore it is the 
Flowrate from the nozzle Q (Litres/min) which must be 
verified using dry-flow. 

A sample calculation explaining how water flowrate can 
be determined by measurement of air pressure is explained 
for a simplified system below. For incompressible flow 
the pressure drop in a pipe is typically given by the Darcy 
Weisbach equation. Dry-flow tests are performed at very low 
pressure, typically with nozzle outlet pressures of less than 
O. lbar above atmospheric pressure. At these low pressures 
the Mach number is very low e.g. less than 0.1. At very low 
Mach numbers the air can be said to be in an incompressible 
flow regime. In reality there is compression, but the difference 
between using more complex compressible flow calculations 
and incompressible flow calculations is less than 1% error. 
Therefore the incompressible flow calculations will be used 
throughout this paper to simplify analysis. 

Consider a sim pie pipe with a n ozzle at its end. The pressure 
loss across this pipe is calculated by: 

Where: 
L = Length of Pipe 
d = Diameter of Pipe 
µ = Velocity of fluid 
p = Density of l'luid 
ff = frict ion factor of pipe 

L 

A ___ µ_--ff; ____ ~!d_B~F 
To determine the ratio between water pressure loss and air 
pressure loss constants can be removed 

4 x u Xb ± ,r x- x pxµ2 
d ~ 

Therefore giving 

LlPAB Wat<r P w at<r X µwam 2 

apAJSAir P w ar,r X µAi,2 
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Typically seawater is used for deluge testing therefore: 

Pwater = 1027kg/m" 

P Air = 1.225kg/m3 

µWater = 6m/sec (typically fire systems are design to avoid 
flow velocities h igher than 6m/sec 

µAir = 25m/sec (equivalent air velocity for dry-flow testing) 

Therefore: 

The following is a simplified demonstration of the comparison 
between air and water pressure losses. 

Consider the example pipe: 

A B 

Condition Pressure Pressure Pressure 
at A (bar) loss through at B (bar) 

1•ipc (bar) 

Initial Wet Test 2 0.2 1.8 
/ Hydraulic 
Simulation 
(Example 
Values) 

Master Dry- 0.04 0.004 0.036 
flow Test 
(Example 
Values) 

An initial wet test is performed to commission the system. 
During this time the density application rate is verified and 
spray pattern verified as fit for purpose. Typically testing is 
performed against the expected outputs from a hydraulic 
model such as Pipenet. Once the system has been verified and 
the pressure losses in water determined for the pipe network, a 
dry-flow test is performed which then determines the losses in 
air, this is known as the Master signature. 

After a period of time, for example 1 year, a further dry
flow test is performed, however now there is debris built up 
within the line (e.g. a spurious release swept marine debris 
into the pipework): 

With the same inlet pressure at A the pressure losses are 
higher due to the restriction within the line leading to a 
lower outlet pressure. 



Condition Pressure Pressure loss Pressure 
at A through t•ipe at B (bar) 

Second Dry
flow Test 
(Example 
values) 

(bar) (bar) 

0.04 0.028 0.012 

The pressure at B for the same inlet pressure at A would 
now be: 

PAB war.r = ~ SO X 0.012 = 0.6bar 

If the nozzle at B had a typical K factor of 23 the flow rate at B 
during initial test was: 

But is now 

(
lite,-s) 

Q --. - = 23 J Pswa,.,. 
min 

(
liters) 

Q - .- = 23fil = 30L/ min 
mm 

(
liters) Q - .- = 23./o], = 17L/ min 
mm 

There is further complexity when the above principles 
are applied to a more complex network of pipe but these 
complexities are not discussed further in this paper. 

6. Valu e Proposition of Testing Deluge Systems w ith 
Dry-F101 M 

The Dry-Flom system when permanently installed requires 
little maintenance, with sensor changes expected every 
5-7 years depending on the frequency of testing. The asset 
operations team can test the asset as regularly as required. 

In comparison with wet testing, the first question when 
determining the value of a Dry-Flom system is what the true 
cost of corrosion is? When considering both the direct and 
indirect costs, the value proposition can be significant over 
the life of an asset. On a modern oil and gas asset the impact 
of the 'side effects' of wet testing over an asset life can run into 
tens of millions of dollars when considering the following: 

■ Using the UK as a benchmark, an asset life is on average 27 
years with some assets even exceeding 40 years. Therefore, 
the number of tests required over a life could be in excess of 
100 if a quarterly test regime is carried out. 

■The cost of the manpower and enablers (Helicopter, boats, 
bed space, food. support) to support wet testing preparation 
(precleaning for oil residue removal from drip trays, bagging 
of panels and sensitive instnimentation / equipment and the 
removal of non-fixed equipment) and testing. 

■The cost of non-associated manpower that is non-productive 
during testing operations. 

TECHNICAL NOTE Ill 

■ The cost of the manpower and enablers (Helicopter, boats, 
bed space, food. support) for the increased inspection, 
repair and maintenance over the asset life resulting from 
wet testing. 

■The complexity of lagged pipework and the impact of wet 
testing on such. 

■The type of process plant and number of wells in 
conjunction with the configuration of the deluge system. 
Wellheads for example require a recommended minimum 
deluge area of 400litres/ minute per well. 

■ The cost of an unplanned shutdown in tenns of loss 
production. Wet testing has been responsible for causing a 
plant trip due to water ingress. 

The primary advantage of using Dry-Flo'"' over any other 
system as a permanently installed system is that it allows 
a wet test to be simulated without any of the side effects 
thus eliminating the need to wet test. The one caveat is that 
a parallel visual inspection of the nozzle discharge zone 
should be carried out to ensure no obstructions are present 
(Temporary Scaffold, shuttering for painting operations, etc.). 

When comparing the use of Dry-Flom versus a risk-based 
inspection regime the operational and administration costs are 
significantly lower and the deluge system does not need to be 
taken out of action. Even using a risk-based inspection regime, 
a wet test is likely to still be required. The cost aspects of 
risk-based inspection are high as this is a manual task whereas 
the Dry-Flom test in a permanently installed configuration is 
minimal as the process is automated. 

In comparison to smoke/ vapor based systems, Dry-Flom 
accurately quantifies the flow from each nozzle and compares 
results from previous tests to pinpoint areas where potential 
blockages are building up or have occurred. Smoke/ Vapor 
based systems still require periodic wet testing due to the 
subjectivity of the results. 

To summarise the value proposition: 

■ Lower risk of plant trip or shutdown due to water ingress. 

■ Lower impact to asset operations, no need to inhibit the last 
line of defence. 

■ 40% quicker testing methodology than traditional wet 
testing. 

■ Reduces the cost of fabric maintenance and painting caused 
by Wet Testing. 

■ Significantly reduces remediation around monitoring and 
resolving Corrosion under Insulation issues. 

■ Eliminates unnecessary cost in replacement of equipment. 

■ Can be installed as a brownfield or greenfield system or 
alternatively as a temporary service. 

■ Testing can be carried out whilst the deluge system remains 
online guarding the asset. 

■ System performance logging is automatic and benchmarks 
the deluge nozzle performance against previous tests to 
pinpoint trends faster. 
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7. Applications For Use 
Dry-FloTM testing has many applications for reducing 
corrosion induced by saltwater saturation. These include 

7.1 Upstream Offshore Oil and Gas Assets 
Almost in all circumstances, offshore hydrocarbon assets 
globally have a wet deluge fire protection system. The 
application of Dry-FloT" is relevant on most oil and 
gas production platforms, FPSO's, FSO's, floating LNG 
installations, drilling rigs and drill ships. This application has 
been discussed in this paper. 

7.2 Downstream Onshore Assets 
Onshore oil refineries and pet rochemical plants and 
hydrocarbon storage terminals have extensive fire protection 
systems. Some of these assets are located near ports and use 
saltwater to feed the deluge system. 

7.3 Hydrocarhon Transportation Vessels 
Oil tankers, GTL vessels, LNG carriers and other petrochemical 
transport ships have deluge systems installed that could 
benefit from a Dry-Flom system. 

Figure 10: Pictures from Offshore Proiect 
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7.4 Mining and Tunnels 
During construction and operation deluge systems are in 
place to protect mines, road and rail tunnels and service 
tunnels. Dry-Flo TM can provide an alternative way to test 
systems without the need to induce water. In road tunnels, 
deluge systems can be extensive and especially during the 
constmction phase wet testing can have significant drawbacks, 
including evacuating test areas and damaging incomplete and/ 
or uninstalled equipment that is not fully commissioned. 

7.5 Other Applications 
Passenger ferries, cruise ships, manufacturing plants, 
papermills, steel factories, offshore wind substations and large 
turbines, are other applications. 

8. Case Study 
Dry-flow was used to successfully test all the modules of a 
North Sea platform during a 5-day campaign (Figure 10). Four 
Personnel were mobilized with a Dry-Flo""' test package. The 
compression package was set up on the pipe deck and hoses 
run to the deluge sets to begin testing. The test package was 
in mobile form rather than fixed. Six areas were tested during 
this campaign. The largest deluge set contained 159 deluge 
nozzles, with mixed high and low K-factors. 

Sensitivity testing proved that very small problems could be 
detected, such as a particle of rust lodged in a deluge nozzle. 
Prior to testing air was blown through the pipework for 
around 30 mins as a large amount of seawater was lying in low 
areas causing corrosion since the last wet test 6 months ago, 
this highlighted the benefit of dry-flow to pipework integrity. 

Actual dry-flow testing took place over a 20 min period with 
preparation consuming most of the project time. This would 
be eliminated with a permanently installed system. After 
recording a master signature, "blind" testing was performed 
to prove the system is capable of determining problems 
and changes down the line. The client was impressed by 
the sensitivity of the system and the short testing window 
required to complete full platform testing. 

The system has now been used successfully on multiple 
platforms offshore and onshore in gas terminals. 

Figure 11 is an isometric drawing of one of the tested deluge 
sets with every blue circle representing a sensor location and 
verified flowrate . This is a much more thorough test than 
the standard 3 most distant nozzle tests performed with 
traditional wet-testing. 
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Figure 11: Isometric of Deluge set tested offshore 


