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1.0 Introduction 
As part of the permitting process for Broadwater Energy’s (henceforth, Broadwater) proposed 
Floating Production, Storage and Regasification Unit (FSRU) in Long Island Sound, the United 
States Coast Guard (henceforth, USCG) issued a letter in October 2005 (ref.07) containing 
queries directed at Broadwater. In response, Broadwater requested that Det Norske Veritas 
(USA), Inc. (henceforth, DNV) respond to the USCG based on DNV’s risk analysis experience with 
LNG terminals  The DNV response was issued in a report, “Broadwater LNG – U.S. Coast Guard 
Queries,” dated November 16, 2005 (ref.01). 
 
The USCG then issued a subsequent letter to Broadwater Energy (ref.02) outlining queries 
concerning the DNV report. The letter is attached to this report as Appendix I and the queries are 
summarized at the beginning of each section in this report.  
 
The USCG stated that the issues outlined in their letter need to be addressed “in order for the 
Coast Guard to make an evaluation whether the Sandia Report is applicable to the site, the FSRU 
and the future generation of LNG carriers.” Broadwater has requested that DNV issue this report in 
response to the USCG letter. 
 

2.0 Objective 
The objective of this report is to provide comprehensive answers to the four USCG queries 
outlined in their letter (ref. 02) dated December 21, 2005. Broadwater Energy will review the DNV 
report and may mark certain information as Sensitive Security Information (SSI) in accordance 
with 49 Code of Federal Regulations (CFR), Part 1520. 
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3.0 Query 1 
3.1 Summary of Query 
DNV has been requested to provide a qualitative comparison of the thickness and material 
strength of the outer and inner hull plating as well as the horizontal distance between the outer 
and inner hulls that was used for the Sandia Report versus the future generation of LNG carriers 
and FSRU. The future generation of LNG carriers to consider will have a capacity of up to 
approximately 250,000 m3 and the FSRU will have a capacity of 350,000 m3. This will form the 
basis to evaluate whether the breach sizes that were determined as part of the Sandia Report can 
be applied to the FSRU and the future generation of LNG carriers. 
 

3.2 Response to Query 
DNV Maritime was contracted to perform a study to respond to Query 1. DNV Maritime is one of 
the world’s leading classification societies, and has worked to improve safety at sea since 1864. 
 
The study was sub-divided into two tasks: 
 
1. Qualitative comparison of particulars for different sized LNG carriers and the FSRU. 
2. Collision vulnerability analysis, to determine side impact energies that can be absorbed for 

different sized LNG carriers and the FSRU before deformation of the tank shell is initiated. 
 
DNV Maritime reviewed data on LNG carriers that they have available through previous project 
work in order to find vessels that are representative of the current standard for LNG carriers and 
the future generation of LNG carriers. Membrane carriers with 145,700 m3 and 216,000 m3 
capacity, the FSRU with 360,000 m3 capacity, and spherical carriers with 125,000 m3 and 
235,000 m3 capacity are examined in this study. The drawings used by DNV Maritime are 
proprietary information belonging to the ship owner and cannot be made public.  At the time of this 
study, the specific design for the Broadwater LNG carriers had not been determined; however, 
preliminary drawings for the FSRU were available.  The project requested that DNV assume an 
LNG carrier capacity of 250,000 m3.  The following analysis is based on this information. Even if 
the final design varies in capacity, it is expected that the FSRU and future LNG carriers delivering 
LNG to the FSRU will have hull spacing and material thickness similar to the future generation of 
LNG carriers examined in this study. 
 

3.2.1 Qualitative Comparison of Different Sized LNG Carriers 

The FSRU and four different LNG carrier designs were evaluated and the general conclusion is 
that larger “future generation” vessels have thicker inner and outer hull plate thickness and a 
larger horizontal distance between the outer and inner hulls compared to smaller LNG carriers 
currently in service.  Table 3-1 presents the particulars for the FSRU and four LNG carrier designs.  
The designs are further categorized by hull type (membrane carriers and spherical carriers). 
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Table 3-1 Vessel Design Particulars 

  Membrane Carrier Spherical Carrier 

LNG Carrier Capacity [m3] 145700 216000 
(FSRU) 
350000  125000 235000 

L - length bp            [m] 277.2 303.0 366 282.0 328.5 
B - breadth              [m] 43.4 50.0 60 41.6 55.0 
D - depth moulded    [m] 26.0 27.0 27 25.0 32.5 
Dt- depth trunk         [m] 33.7 35.1 37.14 - - 
Top of tank abv B.L. [m] 31.0 33.2 34.40 37.7 49.0 
T - draft moulded     [m] 12.3 12.5 12.3 11.5 12.5 
Cb - Block coef     0.8 0.8 .96 0.7 0.8 
Displacement [tonnes] 116941 151599 266048 99130 178247 
Double bottom height [m] 3.2 3.4 3.5 1.4 1.6 
Double side width      [m] 2.2 2.6 4.8 2.4 3.0 

Outer side plate  thickness [mm] 17-18 16-21 
15.5-
21 19 18-20 

Inner side plate  thickness [mm] 14-18 18-19 15.5 14-18 14.5-16.5 
Transverse frame space [mm] 2800 4105 4240 4180 4130 
Cargo Tank dimensions          
L - length          [m] 47.6 41.0 33.9 - - 
H - Height         [m] 27.7 29.8 30.9 - - 
B - Breadth       [m] 39.0 44.8 50.2 - - 
Tank diameter   [m] - - - 35 46 
Approx. Volume of tank  [m3] 43504 48174 44,850 22449 50965 

 
As shown in Table 3-1, a 145,700 m3 membrane carrier is expected to have a distance between 
the inner and outer hull (i.e., double side width) of 2.2 m while the 216,000 m3 membrane carrier 
has a distance between the hulls of 2.6 m.  The proposed 250000 m3 membrane carrier is 
expected to have a double side width between that of the 216,000 m3 carrier and the FSRU.  The 
plate thickness and distance between the hulls are critical factors in determining the vulnerability 
(i.e., how likely there is a breach).  This is further discussed in the following section. 
 

3.2.2 Collision Vulnerability Analysis 

A collision vulnerability analysis was performed to determine side impact energies that can be 
absorbed by different sized LNG carriers and the FSRU before deformation of the tank shell is 
initiated. The higher the impact energy that is required before deformation occurs, the less 
vulnerable the specific LNG carrier design is to collisions (Table 3-2).  
 
The purpose of the analysis is to evaluate collision vulnerabilities for different sized LNG carriers 
and the FSRU. The results should not be used as absolute values.  The impact energies should 
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be viewed in context for comparison purposes only.  The assumptions for these calculations are 
as follows: 
• The bow of the striking ship is taken as infinitely stiff, i.e. no energy is absorbed in the bow 

(very conservative). 
• The LNG carriers are considered in a "free float" condition with zero speed being hit by the 

striking ship in the flotation centre at 90 degrees angle to the side, hence moving sideways in 
the water with no rotation following the collision (conservative). 

• The striking vessel is a 5,000 tonnes typical coastal vessel with a raking bow of 65.6 degrees. 
The raking bow shape is rather conservative, but the striking vessel itself should be 
representative for traffic in coastal waters. The speed of the striking vessel is based on 
engineering judgment and on average transiting speeds within coastal waters. 

 
Using the assumptions above, the amount of energy the outer and inner hull could absorb before 
there was contact with the LNG tank was calculated as a function of striking ship energy and the 
displacement of both the striking ship and LNG vessel. The calculations were carried out with 
DAMAGE 5.0 computer code (ref. 08), which is widely used in the maritime industry. 
 

Table 3-2 Collision Vulnerability Analysis 

  Membrane Carrier Spherical Carrier 

 LNG Carrier Capacity [m3] 145700 216000 
FSRU 
350000 125000 235000 

      
Striking ship          
Displacement      [tons] 5000 5000 5000 5000 5000 
Striking speed   [Knots] 3.48 4.83 8.62 5.75 8.47 
Striking speed        [m/s] 1.79 2.48 4.43 2.96 4.35 
Striking Energy       [MJ] 8.8 17.0 54.1 24.1 52.2 
           
Struck ship (LNG Carrier)          
Speed struck ship [Knots] 0.0 0.0 0 0.0 0.0 
Speed struck ship  [m/s] 0.0 0.0 0 0.0 0.0 
Absorbed Collision Energy [MJ] 
before inner hull contact 8.3 16.2 52.6 12.6 26.0 
Absorbed Collision Energy [MJ] 
before tank contact 8.3 16.2 52.6 22.3 50.0 

 
Two critical indentation or deformation situations are shown: 
 
• Inner hull contact: The stiff bow touches the inner hull. For membrane systems, deformation of 

the insulation system will then start with potential damage to the insulation system and 
ultimately causing LNG spill.  
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• LNG cargo tank contact: The spherical system is an independent system with a distance from 
the inner hull to the tank shell at equator of about 0.9 m. This allows for an additional 0.9 m of 
indentation before deformation of the tank shell is initiated. 

 
Based on the above, the "critical" indentations are where the deformations of the tank system are 
initiated. Hence, the LNG cargo tank contact values should be used as the basis for comparisons.  
 
From the results, it is clear that the larger carriers absorb approximately twice the collision energy 
compared to smaller carriers.  A larger membrane carrier is able to absorb 16.2 MJ while the 
smaller membrane carrier can only absorb 8.3 MJ. The FSRU can absorb approximately 52.6 MJ.  
Collision energy can be directly related to breach sizes of carriers.  Thus the more energy a carrier 
is able to absorb, the smaller the breach size. 
  
The USCG requested that DNV perform a qualitative analysis, thus the numbers presented in this 
report should not be used as absolute values but should be used for comparison purposes.   
 
Based on the above discussion it can be concluded that large LNG carriers in the 200,000 m3 to 
250,000 m3 range and the FSRU at 350,000 m3 will generally be less vulnerable to side impact 
collisions compared to smaller LNG carriers (capacities of 125,000 to 150,000 m3).  
 
Smaller LNG carriers (currently in service) are hence expected to experience larger breach sizes 
than larger (future generations of) LNG carriers given the same impact energies. The Sandia 
Report breach sizes are based on smaller LNG carriers and are therefore conservatively (based 
on equal impact energies) applicable to the proposed Broadwater FSRU and LNG carriers.  
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4.0 Query 2 
4.1 Summary of Query 2 
The results from the Sandia Report are based on spill volumes of approximately 12,500 m3 from a 
cargo tank with a volume of 25,000 m3 and an initial liquid height in the cargo tank above the 
breach of 15 m. The above cargo tank volume reflects an LNG carrier capacity of 100,000 to 
125,000 m3 depending on the number of cargo tanks. Further comparisons must be made to 
decide credible spill volumes and initial liquid heights above the breach for larger cargo tanks 
relevant for the FSRU and future LNG carriers.  
 

4.2 Response to Query 2 
The following section discusses the basis for the DNV consequence modeling which includes 
cargo tank volumes, liquid height in the cargo tank, and carrier size. 
 
The DNV consequence modeling is based on site specific information while the Sandia study is 
based on generic data.  The release rate is largely dependent on the amount of LNG head above 
the breach.  A breach in both the FSRU and LNG carrier has been assumed to occur just above 
the water line.  This assumption results in the largest LNG head and release volume and 
consequently the most conservative results.  A simplification of the LNG head in a tank is 
illustrated in Figure 4-1. 
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Figure 4-1 LNG Head above Water Leak 

 
The Broadwater project is currently considering an FSRU with eight tanks that each hold a volume 
of approximately 45,000 m3 of LNG.  The LNG carriers that unload at the Broadwater facility may 
vary in size.  This study attempted to be conservative in its assumptions; therefore, one of the 
largest sized carriers was chosen as a base case (250,000 m3 carrier with six storage tanks).  The 
tank volumes, release volumes and LNG head that have been used as the basis for the 
Broadwater site specific evaluations are presented in Table 4-1, together with the data use in the 
Sandia Report. 
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Table 4-1 Consequence Modeling Input 

Consequence Input Sandia Broadwater FSRU Broadwater LNG Carrier 

Tank Volume (m3) 25, 000 44, 850 42, 000 
Release Volume (m3) 
(above water release) 

12, 500 35, 560 27, 300 

LNG Head (m) 15 21 20.3 
Draft (fully loaded) (m) Not Specified 12.3 12 
 
In order to be conservative on the amount of tank volume released, it was assumed that the FSRU 
tanks are 98% full and that the LNG carrier tanks are 95% full (this will be the case upon arrival of 
the carrier) during a release. 
 
As can be seen from Table 4-1, Sandia assumed that 50% of the tank volume would be released.  
DNV calculated the release volume based on the amount of draft when the vessel is fully loaded 
and the LNG head above the release.  This resulted in a larger release volume than assuming a 
uniform 50% of the volume is released.   
 
There is uncertainty within the industry on determining total release volume for a large LNG leak.  
This is due to a number of phenomenon that are difficult to determine for such large scale leaks 
such as, possible water ingress into the tank, LNG or water ingress into the space between the 
inner and out hulls, cryogenic effects on the tanker hull, etc.  The DNV site specific release 
volumes are larger than Sandia’s since the Broadwater LNG tanks are larger than the tanks 
considered by Sandia. 
 
Due to the increased tank size there is a larger LNG head which will result in a larger release rate 
and larger dispersion distances (dispersion cloud lengths are discussed in Section 5.2.3).  It is 
possible that the future generation of larger carriers will be able to withstand a greater impact than 
existing carriers which could result in smaller hole sizes. If the FSRU or the Broadwater LNG 
carriers were exposed to the same impact energies as used in Sandia, then the hole size is 
expected to be smaller since the larger vessels are able to withstand a larger impact energy. 
 



13 February 2006 
Broadwater LNG: Response to U.S. Coast Guard Letter Dated December 21, 2005  
Project No.:  70014347 (rev 1) 
TransCanada PipeLines Limited 

Page 8
DNV CONSULTING

 

Reference to part of this report which may lead to misinterpretation is not permissible 
Document id.:189147 
70014347 Broadwater LNG Rev_1.doc 
 

5.0 Query 3 
5.1 Summary of Query 3 
Sandia provides guidance for assessing hazard zones for accidental and intentional discharges of 
LNG.  The size of the hazard zones are used as input to determine safety zones for the FSRU and 
LNG carriers. The USCG requests that this report provide a conclusive analysis on whether the 
Sandia hazard zones are applicable to the Broadwater FSRU and LNG carriers based on the 
Sandia methodology as presented in Appendix D of the Sandia Report. 
 

5.2 Response to Query 3 
The size of the hazard zones as described in the Sandia Report is a function of hole size, LNG 
head above the breach, release rate, volume released and weather conditions.   
 

5.2.1 Hole Sizes 

DNV and Sandia have performed extensive project work with LNG, examining possible breach 
sizes for LNG tanks.  DNV issued a paper based on a joint industry project (ref.04) that identified 
the three most credible hole sizes for an accidental breach in an LNG tank as 250 mm, 750 mm 
and 1500 mm holes.  This conclusion was a judgment-based approach developed by 
Classification engineers experienced in collision and grounding studies.   
 
Sandia used 1120 mm (1 m2 hole area) and 1600 mm (2 m2 hole area) as nominal hole sizes for 
accidental scenarios. Sandia also focused on intentional acts where it is believed the hole sizes 
(diameters) can be larger.  Sandia concluded that the nominal credible hole diameter for 
intentional acts is 2523 mm (5 m2 hole area), as discussed in Chapter 5 of the Sandia report 
(ref. 03).  Based on the findings in Section 3.2 (and the assumption that a given intentional act 
would apply the same impact energy to a larger carrier as it would to a small carrier), then the 
Sandia hole sizes can be considered a conservative assumption and are thus applied in this 
Broadwater study. 
 
DNV has run dispersion modeling for the three Sandia hole sizes (diameters) combined with 
Broadwater project specific information, as presented in Table 4-1, in order to determine if the 
Sandia hazard zones are applicable to Broadwater. 
 

5.2.2 Consequence Modeling Basis 

For most credible scenarios (accidental or intentional), the thermal hazards from a spill are 
expected to manifest as a pool fire, based on the high probability that an ignition source will be 
available. In some instances, an immediate ignition source might not be available and the spilled 
LNG could therefore disperse as a vapor cloud. In congested or highly populated areas, an ignition 
source would be likely, as opposed to remote areas in which an ignition source might be less likely 
(ref. 03). The thermal hazard zones from a vapor cloud dispersion with late ignition have the 
potential of extending significantly longer than the thermal hazard zones from a pool fire. Hence 
this study focus on thermal hazard zones from vapor clouds with late ignition.  
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The basis for consequence modeling is presented in Table 4-1 of this report. 
 

5.2.3 Consequence Modeling Results 

Table 5-1 presents the results of both Sandia’s consequence modeling and DNV’s consequence 
modeling. 
 

Table 5-1  Consequence Modeling Results 
 Distance to LFL (m) 

Sandia FSRU LNG Carrier Hole Size 
(mm) F 2.33 m/s F  2 m / s D 3.5 m/s D  7  m / s F  2 m / s D 3.5 m/s D  7  m / s 
1120 1536 m 1870 m 1030 m 1100 m 1890 m 1020 m 1090 m 
1600 1710 m 2280 m 1390 m 1570 m 1990 m 1370 m 1560 m 
2523 2450 m 3320  m 2050 m 2360 m 3290 m 2030 m 2340 m 
 
Sandia used the Computational Fluid Dynamics (CFD) tool VULCAN to perform their modeling.  
DNV has used PHAST, a point source similarity model to perform dispersion modeling. Previous 
examination of both Sandia and DNV results demonstrated that PHAST results are generally more 
conservative than CFD results (ref 05).  A CFD model takes into account topography and 
obstacles and changes in surface conditions.  A similarity model does not take into account effects 
that will limit dispersion but is widely accepted by regulators and industry stakeholders in 
documenting industrial hazard zones.  A CFD model is extremely detailed in its structure and thus 
time consuming to set up and requires specific modeling knowledge to provide reliable results.  A 
similarity model is more practical to use and is validated for small scale LNG releases over water.  
A similarity model has been previously shown, however, to give conservative results for large 
scale releases, and in particular when dispersion takes place onshore.  There is a degree of 
uncertainty in both the CFD model and PHAST when predicting large size LNG releases in 
F stability with low wind speeds.  To date, there is a lack of large scale experiments with which the 
models can be calibrated.  However, these are the industry’s leading tools for dispersion modeling.  
Thus the results that are predicted by both PHAST and VULCAN can be considered best available 
knowledge to date. 
 
As can be seen from the table above, the category F 2 m/s weather conditions result in a greater 
hazard distance than the Sandia results.  This can be attributed to the larger volumes and higher 
LNG head used in the Broadwater modeling.  Also the conservatism that is intrinsic to the PHAST 
model increases with the size of release because there are fewer field tests with which to calibrate 
the model.    
 
The largest dispersion release from the FSRU has been calculated to extend 3320 m (2 miles) 
while the closest land is approximately 14,500 m, or 9 miles.  The largest dispersion cloud for the 
LNG carrier is calculated to be 3290 m (2 miles) and the closest passage of the LNG carrier to 
land is at the race where the carrier will be approximately within 1610 m (1mile) from shore. 
 
The most frequently occurring weather condition in the sound is D stability which occurs 
approximately 49% of the time (whereas F stability only occurs 15% of the time).  The site specific 
weather conditions are discussed in further detail in Section 6.2. 
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As part of planned operations, LNG carriers may transit the Sound at night time when marine 
traffic is at a minimum.. F stability occurs only at night and accounts for approximately 30% of the 
night weather conditions.  D stability accounts for 46% of the night weather conditions and D 
stability consequence results are in the same order of magnitude as the Sandia results. 
 
It can be concluded that when establishing the hazard zones for Broadwater, the F stability results 
will provide the most conservative result.  However, the results for D stability are the most 
probable results. 
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6.0 Query 4 
6.1 Summary of USCG Query 
The dispersion modeling performed and documented in the DNV Report of November 16, 2005, 
applies atmospheric data for Baltimore, Maryland, because of the lack of site specific atmospheric 
data. The USCG letter of December 21, 2005, states that it is not acceptable and that “the vapor 
cloud dispersion modeling should be based on site specific, seasonal environmental and weather 
factors…” for Long Island Sound. 
 

6.2 Response to Query 4 
DNV has acquired site specific weather data from the National Climatic Data Center (NCDC).   
The closest weather data station to the proposed FSRU and LNG Carrier Route locations that 
provides stability class information was the New Haven, Connecticut airport.  New Haven is 
marked by a red “X” in Figure 6-1 and an approximation of the proposed LNG carrier route and 
FSRU location are drawn as black lines.   
 
 

 
Figure 6-1 Location of NCDC nearest to LNG Carrier Route and FSRU 

 
DNV received weather data over a ten-year time span, from 1995-2004 from NCDC.   
 

6.2.1 Characteristics of Meteorological Data 

The atmospheric stability is important to dispersion as it defines the amount of turbulent mixing 
that takes place.  The six most common stability classes are given in Table 6-1. 
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Table 6-1 Atmospheric Stability 
Stability Class Description 
A Very Unstable – Sunny light winds 
B Moderately Unstable – Less sunny and more winds than A 
C Slightly Unstable – very windy/sunny or overcast/light wind 
D Neutral – little sun and high wind or overcast/windy night 
E Slightly Stable – less overcast and less windy than D 
F  Stable – night with moderate clouds and light/moderate winds 

 
Stability class F is the most conservative of the atmospheric conditions since there is limited 
mixing of the released gas with air under stable conditions.  In Long Island Sound, the dominant 
atmospheric behaviors consist of “neutral” stabilities 70% of the time; there is very little “unstable” 
atmospheric condition.   
 
The annual average data for 1994 to 2004 was used in this study.  The data for an average day in 
the Long Island Sound is given in Table 6-2. 
 

Table 6-2 Wind Rose Data 
Stability Class and Wind Speed (% time of 1 day) 
Day Night Direction 
B 2.8 m/s C/D 3.7 m/s D 7.2 m/s D 3.5 m/s D 7.2 m/s E 3.8 m/s F 2 m/s 

N 0.33% 3.80% 2.05% 2.24% 1.75% 1.65% 2.63% 
NNE 0.19% 2.92% 0.93% 1.71% 0.44% 0.58% 1.02% 
NE 0.16% 1.96% 0.41% 1.18% 0.23% 0.31% 0.52% 
ENE 0.07% 1.06% 0.24% 0.74% 0.14% 0.19% 0.28% 
E 0.12% 1.55% 0.43% 1.12% 0.28% 0.28% 0.40% 
ESE 0.20% 1.33% 0.40% 0.65% 0.09% 0.20% 0.31% 
SE 0.20% 1.55% 0.39% 0.60% 0.10% 0.19% 0.31% 
SSE 0.39% 1.36% 0.19% 0.48% 0.08% 0.28% 0.46% 
S 0.96% 3.82% 0.57% 1.17% 0.22% 0.80% 1.40% 
SSW 0.72% 2.65% 0.71% 0.75% 0.29% 0.55% 1.02% 
SW 0.39% 2.69% 1.24% 0.72% 0.48% 0.83% 0.63% 
WSW 0.46% 3.04% 1.20% 0.80% 0.32% 0.89% 0.56% 
W 0.29% 1.50% 0.54% 0.59% 0.45% 0.98% 0.99% 
WNW 0.22% 1.60% 0.99% 0.53% 0.59% 0.83% 0.90% 
NW 0.13% 1.89% 1.84% 0.74% 0.77% 1.17% 1.57% 
NNW 0.11% 1.50% 1.59% 0.65% 0.84% 1.03% 1.60% 

SUM 5% 34% 14% 15% 7 % 10.5% 14.5% 
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As can be seen from Table 6-2, stability class D is predominant in the Long Island Sound.  From 
the data in Table 6-2, the three most common combinations of wind speed and stability class were 
determined.  These three representative weather conditions for the Broadwater study are 
presented in Table 6-3. 
 

Table 6-3 Representative Weather Conditions 
Stability Class Average Wind Speed Percent of Day  
F 2 m/s 15% 
D 3.5 m/s 49% 
D 7 m/s 21% 

 
Other meteorological conditions include the following assumptions: 
 
• Relative Humidity – 70% (recommended for releases over open water) 
• Temperature – 20 C 
• Surface Roughness Length – 0.3 mm (roughness length of open sea) 
 
Sandia (ref. 03) presented results based on a stability class and wind speed of F 2.33 m/s.  The 
DNV results for F 2/ms can be used for comparison purposes.  It should be noted that the Sandia 
results represent smaller LNG tank sizes than the proposed Broadwater tank sizes.  Also, the 
more likely scenario will be category D stability in Long Island Sound. 
 
The dispersion distance results are presented in Table 5-1 of this report. 
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7.0 Conclusions  
By evaluating design data from different sized LNG carriers, it is clear that larger future generation 
LNG carriers and the FSRU have thicker inner and outer hull plate thickness and a larger 
horizontal distance between the outer and inner hulls compared to smaller LNG carriers currently 
in service.  
 
Collision vulnerability analysis was performed for different LNG carrier design and sizes. The 
analysis indicates that the larger LNG carriers and FSRU are less vulnerable to collision damage 
than smaller sized LNG carriers. Hence, the smaller LNG carriers are expected to experience 
larger breach sizes than larger LNG carriers if they are exposed to the same impact energy. The 
Sandia breach sizes are based on smaller sized LNG carriers (capacity of 125,000 m3) and are 
therefore conservatively (given the same impact energy) assumed to be applicable for larger sized 
LNG Carriers and the FSRU.  
 
Both DNV and Sandia recommend a risk based approach which includes consequence 
calculations along with frequency estimates to determine overall risk for specific scenarios. This 
report only presents consequence evaluations. 
 
A risk assessment combines factors such as initiating event frequency, probability of a given wind 
direction, probability of a given weather stability, etc to determine the likelihood of a defined 
consequence. The hazard zones presented in this report are based on the hole sizes that Sandia 
concludes are representative for intentional acts combined with site specific weather data and 
worst case spill volumes for future generations of LNG carriers and the FSRU. Frequencies for the 
various scenarios have not been addressed in this study.  
 
It can be concluded that the Broadwater site specific consequence zones are larger than the 
Sandia hazard zones under worst case stability class F conditions. This is expected since the 
Broadwater FSRU and LNG carrier tank sizes and LNG head are larger than the Sandia LNG tank 
size and LNG head.  However, F stability occurs only at night and accounts for approximately 30% 
of the night weather conditions and 15% of an average twenty-four hour day. If the most probable 
weather stability for Broadwater, stability class D, is considered then the Sandia hazard zones can 
be directly applied to the Broadwater facility.   
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Appendix I  – US Coast Guard Letter to Broadwater Energy 
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1.0 Introduction 
As part of the permitting process for Broadwater Energy’s (henceforth, Broadwater) proposed 
Floating Production, Storage and Regasification Unit (FSRU) in Long Island Sound, the United 
States Coast Guard (USCG) in February of 2006 issued a letter (ref.01) requesting thermal 
radiation analysis for accidental and intentional breaches (as defined by Sandia, ref.02).  In 
response, Broadwater requested that Det Norske Veritas (USA), Inc. (DNV) respond to the USCG 
based on DNV’s risk analysis experience with LNG terminals.  
 
This study will mainly focus on thermal hazard zones from pool fires due to immediate ignition to 
supplement the previous DNV Report, ref. 03, which focused on the thermal hazard zones from 
vapor cloud dispersion. 
 

2.0 Objective 
The objective of this study is to provide site specific thermal hazard zones resulting from pool fires 
for the hole sizes defined by Sandia, ref.02, for both intentional and accidental breaches, using the 
DNV software PHAST v6.42. This study will also compare the site specific and model specific 
parameters used as the basis for the results with the parameters used in the Sandia study.  In 
addition, this study also documents dispersion results for a 0.5m2 hole to further supplement the 
results from previous vapor cloud dispersion analysis, as documented in the previously issued 
DNV report, ref. 03. 
 

3.0 Consequence Modeling Basis 
The following section covers the basis for the DNV consequence modeling and includes 
discussions on cargo tank volumes, volume released, LNG head above the breach, and weather 
conditions.  
 

3.1 Site Specific LNG Spills 
The DNV consequence modeling is based on site specific information while the Sandia study is 
based on generic data.  The release rate is largely dependent on the amount of LNG head above 
the breach.  A breach in both the FSRU and LNG carrier has been assumed to occur just above 
the water line.  This assumption results in the largest LNG head and release volume, and 
consequently the most conservative results.  A simplification of the LNG head in a tank is 
illustrated in Figure 3-1. 
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Figure 3-1 LNG Head above Water Leak 
 
The Broadwater project is currently considering an FSRU with eight cargo tanks that each holds a 
volume of approximately 45,000 m3 of LNG.  The LNG carriers that unload at the Broadwater 
facility may vary in size.  This study attempts to be conservative in its assumptions; therefore, one 
of the largest sized carriers was chosen as a base case (250,000 m3 carrier with six storage 
tanks).  The tank volumes, release volumes and LNG head that have been used as the basis for 
the Broadwater site specific evaluations are presented in Table 3-1, together with the data use in 
the Sandia study for comparison purposes.   
 

Table 3-1 Consequence Modeling Input 

Consequence Input Sandia Broadwater FSRU Broadwater LNG Carrier 

Tank Volume (m3) 25, 000 44, 850 42, 000 
Release Volume (m3) 
(above water release) 

12, 500 35, 560 27, 300 

LNG Head (m) 15 21 20.3 
Draft (fully loaded) (m) Not Specified 12.3 12 

 
 
In order to be conservative on the amount of cargo tank volume released, it is assumed that the 
FSRU tanks are 98% full. This will be the case just after being visited by an LNG carrier. The LNG 
carrier cargo tanks are assumed to be 95% full. 
  
As can be seen from Table 3-1, Sandia assumed that 50% of the LNG cargo tank volume would 
be released during a spill.  DNV calculated the site specific release volumes based on the amount 
of draft when the vessel is fully loaded and the LNG head above the release.  This resulted in a 
larger release volume than assuming a uniform 50% of the volume is released.  
 
There is uncertainty within the industry on determining total release volume for a large LNG leak.  
This is due to a number of phenomenon that are difficult to determine for such large scale leaks, 
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such as possible water ingress into the tank, LNG or water ingress into the space between the 
inner and outer hulls, cryogenic effects on the tanker hull, etc.   
 
The DNV site specific release volumes are larger than Sandia’s for two reasons: 
 
1. The Broadwater LNG carrier cargo tanks and the FSRU cargo tanks are larger than the cargo 

tanks considered by Sandia.  
2. The DNV approach used to calculate site specific release volumes is more conservative than 

the approach used in the Sandia study. 
 
Also, it is assumed that all released materials will be spilled outside the FSRU or LNG carrier into 
the environment. 
 
Previously documented collision vulnerability analysis, ref. 03, indicates that the larger LNG 
carriers are less vulnerable to collision damage than smaller sized (current generation) LNG 
carriers, given the same impact energies, predominantly as a result of the increased separation 
distance between the inner and outer hulls. The Sandia Report breach sizes are based on smaller 
LNG carriers and are therefore conservatively (based on equal impact energies) applicable to the 
proposed Broadwater FSRU and LNG carriers.  
 

3.2 Site Specific Meteorological Conditions 
Based on the site specific weather data received from the National Climatic Data Center (NCDC), 
the three most common combinations of wind speed and stability class were determined.  These 
three representative weather conditions for the Broadwater study are presented in Table 3-2 (see 
ref. 03) 
 

Table 3-2 Representative Weather Conditions 
Stability Class Average Wind Speed Percent of Day  
F 2 m/s 15% 
D 3.5 m/s 49% 
D 7 m/s 21% 

 
Other meteorological conditions include the following assumptions: 
 
• Relative Humidity – 70% (recommended for releases over open water) 
• Temperature – 20 °C 
• Surface Roughness Length – 0.3 mm (roughness length of open sea) 
 

3.3 Pool Fire Parameters 
This section discusses some of the key parameters that have a significant impact in the LNG pool 
fire consequences.  Also, the parameters used by DNV and Sandia, respectively, are compared in 
ref. 05 (attached as Appendix I). 
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3.3.1 Hole Size 

The hole sizes of accidental (1m2 and 2m2) and intentional (5m2) breaches are the same as 
applied in the Sandia Report, ref. 02.  In addition, a 0.5m2 breach is studied to further supplement 
the results from previous vapor cloud dispersion analysis, as documented in the previous DNV 
report, ref. 03.   
 
As previously documented in ref. 03, the FSRU and larger (future generations of) LNG carriers are 
expected to experience smaller breach sizes than smaller LNG carriers (currently in service) given 
the same impact energies, The Sandia study breach sizes are based on smaller LNG carriers and 
are therefore conservatively applicable (based on equal impact energies) to the proposed 
Broadwater FSRU and LNG carriers.  
 

3.3.2 Discharge Coefficient 

The DNV model approach documented in this study and Sandia, ref. 02, use a similar approach 
for discharge modeling.  The Bernoulli equation (Eqn. 1) was used to estimate the discharge rate 
through the hole.  DNV and Sandia use the same discharge coefficient of 0.6.   
 

Q = Cd A ρ[2 (Pi-Po)/ ρ   +  2gH]0.5    (Eqn. 1) 
 

Where: Pi = LNG vapor space pressure  
             H = LNG liquid head 
             Po = Atmospheric Pressure 
 

3.3.3 Burning Rate 

The burning rate is a critical parameter in pool fire modeling since it determines the amount of 
material which burns per unit area and per unit time.  Table 3-3 shows the burning rates used by 
DNV and Sandia, respectively. DNV uses a corrected burning rate for pool fires occurring over 
water, while Sandia has no indication of a correction for releases over water. 
 

Table 3-3 Burning Rate Over Water 
Study Burning Rate (kg/m2/s) Reference 
DNV 0.353 Cook et al. 1990 

Sandia 0.128 Not provided 
 
The burning rate of methane on land is known to be 0.141 kg/m2/s.  In case of fires on the water 
surface, the burning rate increases due to heat transfer from water.  According to Cook et al. ref. 
04, the burning rate on water is 2.5 times greater than the burning rate on land.  
 

3.3.4 Surface Emissive Power 

The Surface Emissive Power (E) is the energy that is radiated per unit surface at the surface of the 
fire.  The intensity of thermal radiation (Q) that an individual may receive from a pool fire is directly 
proportional to the surface emissive power (E): 
 

Q = E F τ     (Eqn. 2) 
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where E is the Surface emissive power, F is the Geometrical view factor and τ is the transmissivity 
of atmosphere.  DNV and Sandia used the same surface emissive power of 220kW/m2. 
 

3.3.5 Pool Radius 

Pool radius and burning rate are competing factors. If the burning rate is higher, then the pool size 
would be smaller and vice versa.  The size of the pool and the burning rate both have direct effect 
on the predicted thermal radiation levels and hazard distances and are very critical parameters in 
pool fire modeling.   
 
The Sandia study uses a lower burning rate compared to the DNV approach. However, Sandia 
uses the same pool size for ignited pools and un-ignited pools, while DNV calculates larger pool 
sizes for an un-ignited pool compared to an ignited pool. The pool fire results in this study are 
based on pool size from an ignited pool.  
 

4.0 Consequence Modeling Results 
4.1 Vapor Cloud Dispersion 
The results for dispersion modeling as documented in the previous DNV report, ref.03, along with 
results for the additional 0.5m2 (800 mm) hole are given in Table 4-1.  
 

Table 4-1  Vapor Cloud Dispersion Modeling Results 
 Distance to LFL (m) 

Sandia FSRU LNG Carrier Hole Size 
(mm) F  2 . 3 3  m / s F  2 m / s D  3 . 5  m / s D  7  m / s F  2 m / s D  3 . 5  m / s D  7  m / s 
800 (0.5 m2)  1430 m 785 m 825 m 1410 m 780 m 820 m 
1120 
(1 m2) 

1536 m 1870 m 1030 m 1100 m 1890 m 1020 m 1090 m 

1600 
(2 m2) 

1710 m 2280 m 1390 m 1570 m 1990 m 1370 m 1560 m 

2523 
(5 m2) 

2450 m 3320  m 2050 m 2360 m 3290 m 2030 m 2340 m 

 
The results for vapor cloud dispersion modeling were discussed in the previous DNV report, 
ref.03.   
 

4.2 Pool Fires 
The extent of personal injury due to thermal radiation is determined by the radiation exposure level 
duration and type of personal protection. Radiation levels resulting from a specific pool fire are a 
function of distance from the pool. The further away from the fire, the lower the thermal radiation 
levels.  DNV presents three thermal radiation levels whereas Sandia presents results for only 5 
kW/m2 and 37.5 kW/m2. The general type of thermal radiation damage from a fire is discussed as 
following: 
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37.5 kW/m2 – (Immediate effects) 
It is assumed to result in immediate fatality for all exposed persons and possible damage to 
structures and equipment. 
 
12.5 kW/m2 – Exposure time of up to 1 minute 
This heat load can result in pain after 4 seconds and a high level of pain within 20 seconds. 
Second degree burns and burns which may result in death can occur after approximately 40 
seconds.  Generally used in risk analysis to determine impact on populations. 
 
5 kW/m2 – Exposure time for up to 10 minutes 
This heat load can result in pain after 16 seconds. Normal work clothing would protect for several 
minutes. It is generally assumed escape is possible. 
 
People located indoors or within sheltered areas will obtain additional protection against heat 
loads, the extent of which is dependent on the structure and composition of the protected areas, 
such as the building material, windows, etc.   
 
The thermal radiation distances resulting from pool fires, as presented in Table 4-2 and Table 4-3, 
are measured from the center of the pool (point of release).  Also, the thermal radiation levels and 
distances documented in the Sandia report, ref.02, are listed for comparison. 
 

Table 4-2 FSRU Pool Fire Modeling Results 
  FSRU Fire Modeling 

Sandia
(m) Distance to 5 kW/m2 (m) Distance to 12.5 kW/m2 (m) Sandia 

(m) 
Distance to 37.5 kW/m2 

(m) Hole 
Size 
(mm) F 2.33 m/s 

5 kW/m2 F 2m/s D 3.5 m/s D 7 m/s F 2m/s D 3.5 m/s D 7 m/s 
F 2.33 
m/s 

37.5 kW/m2 
F 2m/s D 3.5 m/s D 7 m/s 

800 
(0.5 m2) - 470 484 507 303 330 357 - 148 172 210 

1120 
(1 m2) 554 606 629 655 392 425 462 177 193 222 270 

1600 
(2 m2) 784 797 826 858 515 557 604 250 255 292 354 

2523 
(5 m2) 1305 1127 1167 1211 730 786 852 391 366 415 498 

 
Table 4-3 LNG Carrier Pool Fire Modeling Results 

  LNG Carrier Fire Modeling 
Sandia

(m) Distance to 5 kW/m2 (m) Distance to 12.5 kW/m2 (m) Sandia 
(m) 

Distance to 37.5 kW/m2 

(m) Hole 
Size 
(mm) F 2.33 m/s 

5 kW/m2 F 2m/s D 3.5 m/s D 7 m/s F 2m/s D 3.5 m/s D 7 m/s 
F 2.33 
m/s 

37.5 kW/m2 
F 2m/s D 3.5 m/s D 7 m/s 

800 
(0.5 m2) - 466 482 504 301 329 356 - 147 171 209 

1120 
(1 m2) 554 602 624 650 389 423 459 177 191 221 269 

1600 
(2 m2) 784 791 820 852 511 553 600 250 253 290 352 

2523 
(5 m2) 1305 1120 1160 1202 725 780 846 391 363 411 495 
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As can be seen from the results above, the effects of wind speeds and stability class on the 
thermal radiation distances are not significant. The LNG carrier results are slightly lower than 
FSRU results, because the LNG carrier has a smaller liquid head and therefore smaller discharge 
rate.   
 
The largest pool fire radiation ellipse (5 kW/m2) resulting from spill from the LNG carrier is 
calculated to be 1202 m (0.7 mile).  The closest passage of the LNG carrier to land is at the race 
where the carrier will be approximately within 1610 m (1mile) from shore. The largest pool fire 
radiation distance resulting from spill from the FSRU has been calculated to extend 1211 m 
(0.7 miles) while the closest land is approximately 14,500 m (9 miles).   
 
The duration of a pool fire depends on hole size, release rate, burning rate and volume released. 
The durations of the pool fires presented in Table 4-2 and Table 4-3 are expected to be within the 
interval of approximately 15 minutes for the 5m2, hole size to approximately 1.5 hours for the 0.5m2 

hole size. 
 
Comparing with Sandia results, the radiation distances in Table 4-2 and Table 4-3 are slightly 
larger for accidental breaches, but shorter for intentional breach (2523 mm hole).   A sensitivity 
study was carried out to investigate the effects of parameters on radiation distance. 
  

4.3 Sensitivity Analysis 
As discussed in Section 3.3, the major difference in the parameters used by DNV and Sandia is 
the burning rate over water.  A sensitivity analysis is carried out by using the same burning rate as 
used in the Sandia study (0.128 kg/m2/s).  Table 4-4 and Table 4-5 show the thermal radiation 
distances resulting from pool fires using a burning rate of 0.128 kg/m2/s.  Also, the radiation results 
as documented in the Sandia study, ref.02, are listed for comparison. 
 

Table 4-4 FSRU Pool Fire Modeling Results – Sensitivity Analysis 
  FSRU Fire Modeling 

Sandia
(m) Distance to 5 kW/m2 (m) Distance to 12.5 kW/m2 (m) Sandia 

(m) 
Distance to 37.5 kW/m2 

(m) Hole 
Size 
(mm) F 2.33 m/s 

5 kW/m2 F 2m/s D 3.5 m/s D 7 m/s F 2m/s D 3.5 m/s D 7 m/s 
F 2.33 
m/s 

37.5 kW/m2 
F 2m/s D 3.5 m/s D 7 m/s 

800 - 529 539 549 358 374 389  205 229 258 
1120 554 689 701 715 467 488 505 177 269 297 335 
1600 784 910 924 944 618 644 666 250 358 393 441 
2523 1305 1297 1318 1344 885 919 953 391 518 563 629 

 
Table 4-5 LNG Carrier Pool Fire Modeling Results – Sensitivity Analysis 

  LNG Carrier Fire Modeling 
Sandia

(m) Distance to 5 kW/m2 (m) Distance to 12.5 kW/m2 (m) Sandia 
(m) 

Distance to 37.5 kW/m2 

(m) Hole 
Size 
(mm) F 2.33 m/s 

5 kW/m2 F 2m/s D 3.5 m/s D 7 m/s F 2m/s D 3.5 m/s D 7 m/s 
F 2.33 
m/s 

37.5 kW/m2 
F 2m/s D 3.5 m/s D 7 m/s 

800 - 526 536 546 356 373 387  205 228 257 
1120 554 684 696 710 464 484 502 177 267 295 333 
1600 784 904 918 938 614 640 662 250 355 390 438 
2523 1305 1288 1308 1335 878 913 946 391 514 559 624 
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The results from the sensitivity analysis show a slight increase in hazard distances compared to 
the base case results. This trend is expected because larger steady state pools will be generated 
with a smaller burning rate.   
 
There are many uncertainties for modeling large pool fires, especially for intentional breaches, 
because there is no large-scale experimental testing available to validate the theoretical models.  
The Sandia Report (Section 5.5.1, page 51, last paragraph) discusses that for large pool fires, it is 
expected that they will break up into smaller pool fires because the center of the pool will not have 
enough oxygen to burn.  The pool will then break up into “flamelets” which will have shorter flame 
heights and diameters and thus smaller radiation ellipses. This report has not modeled pool fire 
break-up but assumed a conservative large pool fire. 

5.0 Conclusions 
Previously documented collision vulnerability analysis, ref. 03, indicates that the larger LNG 
carriers are less vulnerable to collision damage than smaller sized (current generation) LNG 
carriers. Hence, the smaller LNG carriers are expected to experience larger breach sizes than 
larger LNG carriers if they are exposed to the same impact energy. The Sandia breach sizes are 
based on smaller sized LNG carriers (capacity of 125,000 m3) and are therefore conservatively 
(given the same impact energy) assumed to be applicable for larger sized LNG Carriers and the 
FSRU.  
 
Both DNV and Sandia recommend a risk based approach which includes consequence 
calculations along with frequency estimates to determine overall risk for specific scenarios. This 
report only presents consequence evaluations. 
 
The hazard zones presented in this report are based on the hole sizes that Sandia concludes are 
representative for accidental and intentional acts combined with site specific weather data and 
worst case spill volumes for future generations of LNG carriers and the FSRU. Frequencies for the 
various scenarios have not been addressed in this study.  
 
It can be concluded that the Broadwater site specific radiation distances from accidental breaches 
are slightly larger compared to the radiation distances documented in the Sandia study, but 
shorter for intentional breach (2523 mm hole). The difference in the Sandia and the Broadwater 
site specific results performed by DNV is believed to be within the margin of uncertainty for both 
Sandia’s CFD model and DNV’s PHAST model. 
 
The largest pool fire radiation ellipse (5 kW/m2) resulting from spill from the LNG carrier is 
calculated to be 1202 m (0.7 mile).  The closest passage of the LNG carrier to land is at the race 
where the carrier will be approximately within 1610 m (1mile) from shore. The largest pool fire 
radiation distance resulting from spill from the FSRU has been calculated to extend 1211 m 
(0.7 miles) while the closest land is approximately 14,500 m (9 miles).   
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Abstract 
 
The LNG consequence analysis studies related to marine 
incidents are gaining prominence in the U.S. and some 
other countries due to the potential increase in LNG trade in 
the near future. To address the issues of LNG hazards 
associated with marine transportation, many safety 
assessment studies have been performed by various 
companies and organizations.  These recently conducted 
studies related to LNG employ different methodologies and 
have published varying results.  The disparity in results is 
mainly due to the difference in release sizes, modeling 
parameter assumptions and modeling tools used in 
calculating the hazard zone.   
 
This paper reviews the modeling approaches used by 
different companies and organizations.  A detailed 
discussion on critical modeling parameters and assumptions 
affecting the consequence analysis results are also 
presented in this paper. 
  
Keywords: LNG, consequence modelling 
 

1. INTRODUCTION 
There has been substantial debate in the U.S. over the 
potential consequences of a marine accident involving an 
LNG vessel at or approaching one of the four current U.S. 
import terminals or one of the up to 45 proposed new 
terminals in North America.  This debate has occurred at 
public meetings associated with the approval process, in 
conferences, and published technical papers.  Some recent 
publications on this topic include: Quest (Cornwell, 2001), 
Fay (Fay, 2003), ABS (ABS, 2004), DNV (Pitblado et al., 
2004) and Sandia (Hightower et al., 2004). 
 

The hazard zone distances reported from the above studies 
are quite varying.  The disparity in results is due to the 
difference in release sizes, modeling parameter assumptions 
and somewhat due to modeling tools used in calculating the 
hazard zone distances.  DNV and Sandia studies have a 
stronger basis for the hole size selection, while other studies 
do not provide the basis for the hole size selection.  ABS 
used the discharge coefficient of 1.0 in estimating the 
release rate, while DNV and Sandia used 0.6 for discharge 
coefficient.  Therefore, ABS’s result is a conservative one.   
 
There are many other critical parameters that affect the 
consequence modeling results.  Investigation of these 
critical parameters provides better understanding and 
confidence on the results reported by different companies 
and organizations.  This paper provides detailed discussions 
on the modeling approaches used by ABS, DNV, Sandia 
and Quest.  The study done by Fay is excluded since the 
detail parameters used in the modeling are not available. 
 

2. RESULTS OF RECENT STUDIES 
The four recent studies reviewed in this paper are: 
 
• DNV - A Joint Sponsor Project that involved a credible 

risk assessment approach of marine LNG release 
scenarios subject to external peer review.  

• ABS - Federal Energy Regulatory Commission 
(FERC) sponsored this study with the goal of 
estimating flammable vapor and thermal radiation 
hazard distances for potential LNG cargo releases. 

• Sandia - A work sponsored by the U.S. Department of 
Energy that provides guidance on appropriateness of 
models, assumptions and risk management to address 

American Society of Safety Engineers 
Middle East Chapter 

7th Professional Development Conference & Exhibition 
Kingdom of Bahrain, March 18-22, 2006 
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public safety relative to a potential LNG spill over 
water.  

• Quest - Quest Consultants Inc. provided a letter to the 
U.S. Department of Energy regarding the consequence 
of a potential release of LNG from a ship.  

More details on the above studies including adopted 
modeling tools are given in Section 3.  The latter section 
also includes further details of the modeling approaches for 
LNG discharge onto water, subsequent pool 
spreading/evaporation, the pool fire (case of ignition) and 
vapor cloud dispersion (case of no ignition).   
 
The consequence results analyzed in this paper include:  
 
• Thermal radiation hazard zones – distance to 5 kW/m2 

and 37.5 kW/m2 

• Flammability hazard zone – distance to LFL 

 
Pool Fire Results 

The pool fire radiation results from the above mentioned 
studies are presented below in Table 1 and also in the form 
of a graph in Figure 1 and Figure 2.  
 

Radiation Distance Hole 
size 

(mm) 
Study 

Pool Radius 
for 

Radiation 
(m) 

Burning 
Rate 

(kg/m2s) 5 kW/m2 37.5 kW/m2 

250 DNV 15 0.353 194 m 70 m 

750 DNV 43 0.353 451 m 169 m 

ABS 74 0.282 860 m 370 m 1000 
Quest n/a 0.089 433  m n/a 

1120 Sandia 74 0.128 554 m 177 m 

1500 DNV 86 0.353 761  m 289 m 

1600 Sandia 105 0.128 784  m 250 m 

2523 Sandia 165 0.128 1305 m 391 m 

ABS 130 0.282 1400 m 600 m 5000 
Quest n/a 0.089 540 m n/a 

Table 1.  Pool Fire Results 
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Figure 1.  Pool Fire Results – 5 kW/m2 
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Figure 2.  Pool Fire Results - 37.5 kW/m2 

 
As shown in Table 1, Figure 1 and Figure 2, each study 
used different hole sizes for their analysis.  Therefore, a 
direct comparison of results is not possible. 

 
Dispersion Results 

The pool spreading/evaporation and dispersion results for 
all four cases are summarized below in Table 2 and also 
presented graphically in Figure 3.  The graph shown below 
compares only the results for F stability and 2  m/s 
atmospheric conditions for all four studies, as Sandia 
provides the dispersion results only for that condition. 

 
LFL distance (m) Hole 

size 
(mm) 

Study 

Pool Radius 
for 

dispersion 
(m) 

Evaporation 
Flux 

(kg/m2s) F-2 m/s D-3 m/s D-5 m/s 

250 DNV 29 0.179 790 m 370 m 380 m 

750 DNV 59 0.179 1800 m 850 m 870 m 

ABS 130 0.072 3300 m 2000 m n/a 1000 
Quest n/a 0.2 3733 m* n/a 783 m 

1120 Sandia 74 n/a 1536 m* n/a n/a 

1500 DNV 117 0.185 3400 m 1600 m 1700 m 

1600 Sandia 105 n/a 1710 m* n/a n/a 

2523 Sandia 165 n/a 2450 m* n/a n/a 

ABS 170 0.075 3900 m n/a n/a 5000 
Quest 253 0.2 4076 m* n/a 1002 m 

* Sandia and Quest modeled with F-2.33, F-1.5 respectively instead of F/2 

Table 2.  Dispersion Results 
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Figure 3.  Dispersion Results for F stability and 2 m/s 

 
Similar to the pool fire case, each study used different hole 
sizes for their analysis as shown in Table 2 and Figure 3. 
Therefore, a direct comparison of results is not possible. 
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3. CRITICAL PARAMETERS AFFECTING 
CONSEQUENCE RESULTS 

The purpose of this paper is to analyze the results of the 
different studies based on the critical parameters affecting 
the consequence results.  There are many parameters that 
could impact the final results. This paper will discuss the 
key modeling parameters used in each study and the 
significance of those key parameters on the consequence 
results. 
 
The consequence models used for dispersion analysis in the 
four studies are listed as follows: 
 
• DNV - PHAST 

• ABS - DEGADIS 

• Quest - CANARY 

• Sandia - VULCAN 

 
Of the four different studies, only Sandia used a CFD code 
(VULCAN) while others used similarity models.  Both 
types of models are known to be adequate for modeling of 
dispersion over flat terrain. 
 
For pool fire modeling, DNV, ABS and Quest used similar 
solid flame models, while Sandia used a CFD code, 
VULCAN. 
 
3.1 Discharge Modeling 

As shown in the tables and figures in Section 2, each study 
used different holes sizes for consequence modeling.  
Therefore, a direct comparison of the results is not possible.  
In general, DNV and Sandia studies have a stronger basis 
on the selection of hole sizes, while ABS and Quest studies 
used hole sizes selected purely based on the judgement.  
DNV determined the credible hole sizes based on the 
collision damage graph from IMO/MARPOL and Sandia 
determined the holes sizes based on the finite element 
modelling of ship collisions.  
 
The discharge modeling for each study was performed 
using a similar approach.  Bernoulli’s equation was used in 
all these studies to estimate the discharge rate through the 
hole.  However, the discharge coefficient used in the 
calculation was quite different. 
 

Bernoulli Equation 

Q = Cd A ρ[2 (Pi-Po)/ ρ   +  2gH]0.5 

Where Cd is the discharge coefficient, A is the hole area, ρ 
the LNG liquid density, Pi is the storage pressure at the top 
of the LNG liquid, H is the LNG liquid head above the 
release height and Po is the atmospheric pressure. 

Table 3 shows the discharge coefficient Cd used in each 
study. 

Study Discharge Coefficient (Cd) 

DNV 0.6 
ABS 1 

Sandia 0.6 
Quest n/a 

Table 3  Discharge Coefficient Used in Each Study 

 
As shown in Table 3, ABS used a discharge coefficient of 
1.0, while DNV and Sandia used 0.6.  The discharge 
coefficient of 0.6 and 1.0 represents a sharp-edged orifice 
(TNO, 1999) and a perfect discharge without any 
restriction, respectively.  The ABS discharge rate was 40% 
greater than DNV and Sandia studies.  This may be one of 
the reasons why the ABS result is more conservative than 
others.  The information on discharge coefficient was not 
available from the Quest study. 
 
3.2 Pool Fire Parameters 

Some of the key parameters that have a significant impact 
in the LNG pool fire modeling have been identified to 
analyze the radiation hazard distance results published in 
these four studies. 
 
Burning Rate 
The burning rate is a critical parameter in pool fire 
modeling since it determines the amount of material which 
burns per unit area and per unit time.  A higher burning rate 
provides a higher thermal radiation result.  Table 4 shows 
the burning rates used in each study. 
 

Study Burning Rate (kg/m2/s Reference 
DNV 0.353 Cook et al. 1990 
ABS 0.282 Rew 1996 

Sandia 0.128 Not provided 
Quest 0.089 Not Provided 

Table 4 Burning Rate Values 

The burning rate of methane on land is known to be 0.141 
kg/m2/s.  In case of fires on the water surface, the burning 
rate increases due to heat transfer from water.  According to 
Cook et al. (1990), the burning rate on water is 2.5 times 
greater than the burning rate on land.  
 
The DNV and ABS studies used a corrected burning rate in 
the pool modeling, while others had no indication of those 
corrections.  
 
Surface Emissive Power 
The Surface Emissive Power (E) is the power that is 
radiated per unit surface at the surface of the fireball.  The 
intensity of thermal radiation (Q) that an individual may 
receive from a pool fire is directly proportional to the 
surface emissive power (E): 
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Q = E F τ 

where E is the Surface emissive power, F is the 
Geometrical view factor and τ is the transmissivity of 
atmosphere. 

Table 5 summarizes the surface emissive power used in 
different studies and values obtained from LNG pool fire 
experiments. 
 

Study Surface Emissive Power ( kW/m2) 
ABS 265 
DNV 220 

Sandia 220 
Quest Not available 

USCG China Lake tests 220 ± 30 
Maplin Sands 178 to 248 

Table 5.   Surface Emissive Power Values 

As shown in Table 5, the ABS study used higher values 
than other studies.  This can be a part of the reason why the 
ABS result is more conservative than others. 
 
Pool Radius 
Pool radius and burning rate are competing factors and if 
the burning rate is higher, then the pool size would be 
smaller and vice versa.  The size of the pool has a direct 
effect on the predicted hazard distances and is very critical 
in pool fire modeling.   
 
The pool size of an ignited pool is much smaller than that of 
an un-ignited pool due to the termination of pool spreading 
upon ignition.  Therefore, the pool size needs to be 
corrected for an ignited pool.  The simplest way of 
correcting the pool size is to use a burning rate assuming a 
steady state pool. 
 
The DNV and ABS studies used similar approaches in 
correcting the pool size for hazard distance calculation of 
pool fires.  However, Sandia used the same pool size for 
ignited pools and un-ignited pools.  The information about 
the pool size is not available in the Quest study. 
 
Wave Effect 
The presence of waves on water will affect the spreading of 
LNG on its surface.  The Quest study has incorporated this 
wave effect by using a conditional statement at the 
boundary of the pool; namely, the pool will stop spreading 
once the LNG drops below 60% of the wave height.  
Therefore, the wave effect would decrease the pool radius 
as the wave breaks the liquid pool formed on the surface 
and results in reduced thermal radiation hazard zone.  This 
could possibly explain why Quest reported smaller thermal 
radiation hazard zone results compared to other studies.  
 
Atmospheric Conditions 
Atmospheric wind speed also has an effect on the predicted 
hazard distances in the case of pool fire modeling.  The 
worst case atmospheric conditions for pool fires are during 

high winds.  The wind allows the flame to tilt, thus 
allowing the flame to move further downwind.  This results 
in higher downwind radiation flux levels than those attained 
under low wind conditions.  All four studies used similar 
atmospheric conditions for pool fire modeling. 
 
3.3 Vapor Cloud Dispersion Parameters 

Pool Evaporation 
In the case of vapor cloud dispersion, pool vaporization rate 
is one of the most critical parameters in estimating the 
hazard zone distance since it determines the mass that 
enters into the dispersion.  The approaches used in the four 
studies for pool evaporation are quite different and this is an 
area that needs further improvement. 
   

Table 6 shows the evaporation flux used in the different 
studies.  Evaporation flux decides the amount of material 
that goes in to the vapor cloud dispersion calculations and 
this depends on the size of the pool. 
 

Study Source Pool Size Used Evaporation Flux (kg/m2/s) 

DNV Dodge et al. method Steady state 
pool size 

0.182 
(based on steady state 

evaporation rate) 

ABS Webber’s method Maximum pool 
size 

0.072 
(based on maximum 

evaporation rate) 

Sandia Vulcan CFD model has 
built in spreading model. 

Maximum pool 
size Not Available 

Quest Mechanism not known but 
includes wave effect. Not Available 

0.2 
(based on maximum 

evaporation rate) 
 

Table 6.  Pool Spreading and Evaporation 
 
As shown in Table 6, the evaporation flux used in 
dispersion modeling is quite varying.  ABS and Quest used 
evaporation flux based on the maximum values, while DNV 
used the evaporation flux based on steady state value. 
 
It should be noted that the amount of material that goes into 
the atmospheric dispersion is also dependent on the size of 
the pool.  Therefore, the higher evaporation flux does not 
necessarily mean greater evaporation from the pool.  When 
DNV’s evaporation rate is re-estimated based on the 
maximum pool, the evaporation flux gets closer to the 
values reported by ABS. 
 
The evaporation rate calculated based on the flux and pool 
size reported show that DNV’s evaporation rate is little bit 
higher than ABS’s value.  
 
Atmospheric Conditions 
In case of dispersion, an unstable atmospheric condition 
(higher wind speed) causes more turbulence and in turn 
results in quicker dilution of the hazardous material. In a 
stable atmospheric condition (lower wind speed), the hazard 
zone distances usually increase due to reduced mixing of 
hazardous materials in the air. 
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All four studies used similar atmospheric conditions for 
dispersion analysis as shown in Table 7. 
 
 

Study Atmospheric Stability 
and Wind Speed 

Surface 
Roughness 

Length 

Relative 
Humidity 

DNV F-2, D-3 ,D-5 m/s 0.3 mm 70 % 

ABS F-2, D-3 m/s 10 mm 50 % 

Sandia F-2.33 m/s 0.2 mm Not available 

Quest F 1.5 ,D-5 m/s Not available 70 % 

Table 7.  Atmospheric Conditions 
 
Surface Roughness Length 
The surface roughness length describes the roughness of the 
surface over which the cloud disperses.  It alters wind 
velocity profile and consequently affects the dispersion 
result significantly.  Therefore, it is important that proper 
roughness lengths are used in the dispersion analysis. 
 
Review of the four studies shows that the roughness length 
values used in the different studies are quite varying.  DNV 
and Sandia used a roughness length of 0.2 mm to 0.3 mm, 
while ABS used 10 mm. 
 
According to literature, the roughness lengths of open sea 
are 0.1 mm to 1.0 mm, depending on weather conditions 
(Ermak, 1990) (EPA, 1995) (EPA, 2004).  Therefore, the 
values used by DNV and Sandia are more appropriate than 
a value used by ABS for dispersion over open sea. 
 
The surface roughness used in the four different studies is 
presented above in Table 7 for comparison. 
 
Relative Humidity 
The humidity is used in the dispersion calculations to 
determine the properties of the atmosphere (mainly the 
density of the air) and the density of the cloud.  The higher 
the humidity, the sooner the plume becomes buoyant due to 
the heat transfer from moisture.  Therefore, the hazard zone 
distance decreases with increased humidity. 
 
The humidity varies a lot depending on the site location.  
Therefore, it is best to use the site specific data for 
humidity, particularly in cases where the site is located in 
an extremely humid or dry location.  In open sea, the 
relative humidity is normally 70% or higher. 
 
The atmospheric conditions used in the four different 
studies are presented in Table 7 for comparison. 
 
4. SENSITIVITY ANALYSIS 
In order to investigate the effect of different modeling 
parameters on the consequence results, a few sensitivity 
runs were performed.  

Pool Fire 
The pool fire scenario of 1 m hole reported by ABS was 
modelled using DNV’s PHAST program, with same pool 
radii as ABS and by setting the burning rate, surface 
emissive power and wind-speed equal to the ABS value.  
The same modeling was performed using PHAST for pool 
fire scenario of 1.12 m reported by Sandia and the results 
are shown in Figure 4 and Figure 5.    
 
The result clearly shows a drastic reduction in the deviation 
of ABS and Sandia’s results from the DNV value for the 
same hole size.  The circled points show the change in ABS 
and Sandia values. At this stage, there is still a small 
deviation in results between ABS and DNV after fixing the 
parameters and this difference can be clearly attributed to 
the difference in the consequence models used in these 
studies.  However, the DNV and Sandia results become 
almost the same when the same modeling parameters are 
used.  
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Figure 4.   5 kW/m2 Sensitivity Run 
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Figure 5.   37.5 kW/m2 Sensitivity Run 

 
Dispersion 
For the dispersion modeling, ABS and Sandia cases were 
modeled using DNV’s PHAST program by fixing the 
evaporation rate and atmospheric conditions such as surface 
roughness, relative humidity, stability wind speeds.   
 
The dispersion scenarios of 1m hole reported by ABS and 
1.12 m hole reported by Sandia were modeled using 
SAFETI and the result is presented in Figure 6.   
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Figure 6.   Dispersion Results Sensitivity Run 

As shown in Figure 6, the dispersion case re-runs also 
showed a reduction in the deviation of results when the 
same modeling parameters are used.  The DNV and ABS 
results become almost the same when the same modeling 
parameters are used.  However, there is still a quite large 
deviation in results between DNV and Sandia even though 
the same modeling parameters are used.   
 
This difference can be clearly attributed to the difference in 
the consequence models used in these studies.  Sandia used 
a CFD code in the dispersion calculation, while others used 
similarity models.  In order to answer whether this 
difference in results is due to the difference between 
similarity and CFD codes, further study is required.     
 
5. CONCLUSIONS 
The detailed investigation for consequence modeling 
approaches of recent studies shows that the varying results 
are due to the differences in modeling assumptions and the 
modeling tools used in estimating the hazard zone 
distances.  The deviation in results between the studies 
reduces significantly when the same modeling assumptions 
are used.  Therefore selection of the appropriate modeling 
parameters is a critical step in consequence modeling. 
 
Further, the deviation of dispersion results between Sandia 
and others were significant.  It may be due to the difference 
between models used (CFD vs. similarity).  However, 
further study is required to confirm this.  
 
Moreover, the scales of LNG releases modeled in these 
studies are much less than the scale of existing field 
experimental data.  Therefore, additional large scale 
experiments will provide more confidence in the modeling 
methods.  However, that should not prevent valid decision 
making today, since uncertainties that exist here are no 
worse than the uncertainties in many other high hazard 
activities. 
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1.0 Background 
 
Compliance with applicable codes and standards is of paramount importance to ensuring 
a safe and reliable facility design.  To ensure that appropriate codes, regulations and 
standards are applied to the design, construction and operation of the facility, the Floating 
Storage and Regasification Unit and associated mooring has been characterized as 
essentially an LNG carrier, with additional regasification equipment, moored at a fixed 
location. 
 
Given the marine nature of the proposed facility and its similarities with LNG carrier 
design and operation, a ship classification society will be involved in the oversight 
throughout the project design and construction process.  Classification societies are 
organizations that establish and apply technical standards in relation to the design and 
construction of marine-related facilities, including ships and offshore structures.  These 
standards are issued by the classification society as published Rules.  As an independent, 
self-regulating body, a classification society has no commercial interests related to ship 
design, building, ownership, operation, management, maintenance or repairs, insurance 
or chartering.  In establishing its Rules, each classification society may draw upon the 
advice of members of the industry who are considered expert in their field.  Classification 
societies also maintain significant research departments that contribute towards the 
ongoing development of appropriate, advanced technical standards. 
 
LNG carrier design, construction, and operation are comprehensively covered by rules 
and guidelines and the legislative requirements of national and international authorities.  
An LNG carrier is typically constructed according to “Classification Society Rules and 
Regulations for the Construction and Classification of Ships for the Carriage of Liquefied 
Gases in Bulk,” also known as the Gas Ship Rules.  Compliance with the Gas Ship Rules 
is ensured through design appraisal and survey during building and commissioning.  
Although legislative requirements are not, strictly speaking, a classification issue, it is 
usual for the classification society to make compliance with legislative requirements a 
prerequisite for compliance with its Rules. 
 
Classification Society Gas Ship Rules incorporate the requirements of the International 
Maritime Organization’s International Code for the Construction and Equipment of Ships 
Carrying Liquefied Gases in Bulk (generally known as the IGC Code).  The IGC Code is 
a de facto international standard by virtue of its adoption by the industry and regulatory 
bodies. 
 
For this project, an extensive array of standards have been assembled based on federal 
and state standards, classification society Rules, and, as appropriate, international 
standards for design and construction that incorporate appropriate federal, state, national 
and international requirements. 
 
Broadwater engaged the services of the American Bureau of Shipping (ABS), one of the 
world’s leading ship classification societies, to ensure that all applicable standards are 
incorporated within the facility design.  On July 27, 2005, Broadwater received an 
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“Approval in Principle” for the Broadwater FSRU from ABS, based on its review of the 
conceptual design. 
 
 
2.0 Description of Codes and Standards Selection Process 
 
The selection of the appropriate codes and standards evolved during the technical 
development of the FSRU.  The resultant design is documented in Resource Report 13.  
Within each section of Resource Report 13 which deals with a major equipment item, the 
applicable codes and standards used to guide the design process are documented. 
 
The process adopted for codes and standards selection is outlined in the attached 
flowchart, of which an integral component was the design review activities completed by 
the American Bureau of Shipping (ABS). 
 
Selection of the project codes and standards was initiated by Broadwater Energy at the 
start of concept design development, when a Basis of Design Document was prepared.  
At this stage the technical advisors  to the Broadwater project (Shell Global Solutions 
US), which included a broad range of discipline engineers, proposed indicative codes and 
standards that would normally be considered appropriate based on their experience of 
preparing design documents and specifications for both onshore and marine projects. 
 
In the first quarter of 2005, Broadwater selected engineering contractors (including hull, 
containment, LNG process and mooring system disciplines) to complete the initial design 
of the facility.  These contactors then reviewed and appended as considered appropriate 
the preliminary list of codes and standards which formed the basis for the detailed listing 
in Resource Report 13.  Broadwater deliberately selected these contractors on the basis of 
their global expertise in their respective fields: 
 

(1) Samsung Heavy Industries, which is an experienced shipbuilder, for its ability to 
design and construct LNG Carriers and expertise with hull, LNG membrane 
containment and in-hull systems; 

(2) Saipem America Inc. which has experience with onshore LNG terminal projects 
and offshore engineering; and 

(3) SBM-IMODCO, Inc., which is one of the world leaders in mooring systems and 
FPSO (Floating, Production, Storage and Offtake) systems. 

 
By combining these capabilities within a review of the standards, the managing 
contractor, Saipem, was able to confirm compatibility between the hull, topside process 
equipment and yoke mooring components of the project, as well as the related codes and 
standards to be applied.  
 
Broadwater Energy met with the USCG and FERC representatives on June 29, 2005 and 
a document entitled “Resource Report 13 – Indicative Codes and Standards” was left 
with the agencies to provide an indication of the direction that Broadwater proposed to 
take with respect to this issue. 
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A draft version of Resource Report 13, including Section 13.12 (Design Codes and 
Standards) and related Appendices, was submitted to ABS for review to permit its 
issuance of an Approval in Principle for the LNG import facility concept. 
 
A key element of ABS’ Approval in Principle was its review against the criteria specified 
in its Guidance Notes on Review and Approval of Novel Concepts dated June 2003.  ABS 
requires applicants to provide “Support Information” which is identified in its Guidance 
Notes as: 
 

 “(i)  List of reference codes and standards to be applied to the application 
and the technical justification for selection of those standards if not 
readily apparent.”  (Page 17) 

 
ABS issued its Approval in Principle Letter on July 27, 2005.  ABS goes further in its 
issued Approval in Principle to make clear that the technologies employed are not in 
themselves novel, and are covered by established Rule criteria.  
 
Broadwater Energy has defined in its FERC application that appropriate marine standards 
such as IMO Codes and classification society Rules will apply for the hull, LNG 
containment system and ship related systems; and that standards normally considered 
appropriate to land-based terminals would be applied to the extent practicable for the 
LNG regasification plant and related process systems operating in an offshore floating 
environment.  This approach is consistent both with ABS’ Guidance Notes on Review 
and Approval of Novel Concepts (June 2003) and the Guide for Building and Classing 
Offshore LNG Terminals (April 2004). 
 
Attached is a letter and related material from ABS, dated March 9, 2006 which details the 
involvement of ABS in the review of codes and standards for the project. 
 
In its review of the codes and standards for the proposed facility, Broadwater has 
addressed issues of the appropriateness of overlapping codes and standards, and selected 
whichever applicable code or standard is more stringent.  Two such examples are 
described as follows: 
 

1. Resource Report 13, Section13.14 (Regulatory Compliance) that discusses the 
application of traditional land-based regulations, as outlined in  49 CFR 193 and 
NFPA 59A, to an offshore floating environment.  The relevance of each section 
has been analyzed and the results documented in this section. 
 

2. The proposed design for the Yoke Mooring System is an example of the selection 
of a more stringent design criterion.  The normal design for an offshore structure 
is based on environmental criteria with a 1:100 year return period (a return period 
is the frequency with which an event would be expected, on average, to recur).  
The 1938 hurricane affecting Long Island Sound was classed as a Category 3 or 4 
hurricane, but in design terms would have only been considered a 1:50 year event. 
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Broadwater chose an extremely conservative design significantly in excess of the 
1:100 year standard.  The specified extreme 1 hour average wind speed of 
56.8 m/s (approximately 110 knots or 127 miles per hour) was chosen, based on 
analysis of historical wind data in the region.  This design criterion is for an 
average 1 hour wind speed, which differs from the Saffir-Simpson Hurricane 
Scale, which is based on wind speeds of 1 minute average duration.  When 
converted using available Gust Factor Curves, this aligns with a 1 minute average 
wind speed of 88.5 m/s (approximately 172 knots or 198 miles per hour), which is 
substantially in excess of the minimum wind speed for a Category 5 hurricane 
(winds greater than 155 miles per hour).  Only three Category 5 hurricanes have 
made landfall in the United States since records began, all of these occurring in 
the southern U.S.  A Category 5 hurricane has never been experienced in the 
vicinity of Long Island Sound. 
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APPENDIX “A”

ABS Novel Concepts 
Guidelines
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Motivation for Guide
• Many new offshore and marine concepts being 

proposed by industry
– GTL FPSOs
– LNG FPSOs
– CNG Carriers
– Floating and Fixed Base Gas Terminals
– New Types of Offloading Systems
– Use of composites

• Need to provide a general road map to client’s 
on how ABS will evaluate and approve 
proposed novel concepts or applications 
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Key Aspects of Guide
• Outlines an ABS process to obtaining Class 

Approval for a Novel Concept 
• Includes an intermediate step covering 

Approval In Principle
• Requires ABS and its clients to agree on the 

appropriate risk and engineering analysis 
techniques and justification to be employed

• Enables both Client and ABS to demonstrate 
the methodology used to establish fitness for 
purpose
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Guidance Note Outline

• Objective
• Definitions
• Applicability - checklist approach 
• Process to obtain Approval In Principle (AIP) 

– Documentation to be submitted
– Concept Engineering Evaluation
– Concept Risk Assessments

• Process to Full Class Approval
– Documentation to be submitted
– Design Evaluation
– Risk Assessments 

• Special Consideration for Maintenance of Class 
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Guidance Notes Objectives
• Provide guidance to ABS clients related to the 

ABS methodology for review and approval of 
novel concepts

• Provide process and responsibilities for ABS 
review of proposed novel concepts from the 
project concept stage through maintaining 
Classification.  

• Outline documentation requirements
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Key Definitions
• Novel Concept: A design or process that 

has no previous experience in the environment 
being proposed.

• Approval in Principle (AIP): Process by 
which ABS issues a statement that a proposed 
concept design complies with the intent of 
ABS Rules and/or appropriate codes, subject 
to a list of conditions that must be addressed 
in the final design stage.
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Key Definitions

• Classification is a representation by ABS as to 
the fitness for a particular use or service in 
accordance with its Rules and standards.  For 
novel concept, this would also mean that the 
conditions outlined within the approval road map 
identified during the AIP stage have been 
demonstrated to the satisfaction of ABS.

• Maintenance of Classification: The fulfillment of 
the requirements for surveys after construction. 
For novel concept, this would mean all 
requirements within the applicable ABS Rules, 
plus any additional requirements outlined in the 
conditions of class for the concept. 
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Guide Applicability
• Define when use of this guideline is 

appropriate
• Guideline meant to help identify:

– Existing design/process/procedure in new or novel application 
or when challenging boundaries/envelope of current 
applications

– Existing design / process / procedures challenging the present 
boundaries/envelope of current offshore or marine 
applications. 

– New or novel design / process / procedures in existing 
applications

• Checklist approach - if answers to queries is 
“yes”, then this guideline may apply.



Applicability Checklists

• Questions related to system broken up into 
categories
– Stationkeeping
– Marine
– Structural
– Process
– Cargo/Storage
– Other (e.g., concept not directly covered under Class but the 

performance of that system could impact vessel structural 
integrity, stability or safety of the classed components)



Applicability Checklists
• Example Questions

– Is the vessel or offshore facility design basis considered 
within current experience boundaries for this application? 

– Are there marine or offshore applications of the proposed 
storage systems that will be on the vessel or offshore 
facility?

– Are there existing onshore applications of the proposed 
storage systems that will be on the vessel or offshore 
facility?

– Are there any existing commercial applications of the 
proposed storage systems similar to that which will be used 
on the vessel or offshore facility?
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Approval Process Approach
• Provide ABS clients with a consistent evaluation 

approach for novel concepts

– requires ABS and its clients to agree on appropriate 
engineering assessments to be conducted for AIP and Class

– requires ABS and its clients to agree on appropriate risk 
analyses to be employed and when they should be applied for 
AIP and Class

– requires ABS and its clients to agree on appropriate data 
collection and testing to be carried out to assist in proving the 
technology for AIP and Class
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Determine Approval Route
• Initial discussions between client and ABS on 

proposed concept
– ABS gains general understanding of concept 
– Determine if AIP route will be taken

• If AIP route taken
– Agree upon most appropriate plan for achieving AIP. 
– Outline the necessary engineering and risk assessments to be 

conducted on the novel features
– Agree upon appropriate to the level of design evolution 

expected in the conceptual design stage in order to achieve 
AIP. 
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Approval In Principle

• Concept Engineering Evaluation:
– Verify that the design is feasible in all phases of 

operation (such as in-transit, installation, 
commissioning, and operation for an offshore 
application) as far as practical within the concept 
phase.

– Concept Design Verification
• Conventional Features
• Novel Features
• Operability
• Interface Issues
• Inspectability and Maintainability
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Approval In Principle
• Concept Risk Assessments:

– At a minimum, a qualitative risk assessment (e.g., 
HAZID) will be conducted to identify all potential 
failure scenarios and associated risks (i.e., 
generate Hazard Register)

– Following the qualitative risk assessment an agreed 
upon Risk Assessment Plan (roadmap) will be 
developed and carry forward into Full Approval 
Phase 

– Roadmap will
• Address findings of Hazard Register

• Identify additional detailed risk assessments, as required
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Approval In Principle Conditions
• Concept engineering evaluations and risk 

assessments did not identified any 
"showstoppers"
– No abnormal hazards 
– No excessively onerous failure mode

• Concept deemed suitable for use within a 
marine or offshore environment without the 
need for excessive or onerous monitoring 
during operation or maintenance/inspection 
considered atypical for such applications.



18

Approval Road Map
• Design Assessment Plan:

– Describes the proposed means of justification for all 
relevant features of the novel application, their 
associated failure modes, and the means proposed 
to assess the engineering suitability

– Outlines how consensus will be reached for what is 
deemed to be acceptable results for the design 
analyses  

– Identifies required steps to be taken in the concept 
evaluation as well as in the full approval phase
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Approval Road Map
• Risk Assessment Plan:

– Identifies the appropriate type of assessment 
techniques for the AIP phase and full approval 
phase  

– Describes how the team envisions a holistic 
approach to risk assessment for all phases of the 
concept development

– Identifies how consensus will be reached on risk 
acceptance criteria 

– Understanding that as the team gains knowledge of 
the application, modifications to plan may be 
warranted
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Full Class Approval
• Engineering Review and Verification of 

Design:
– Reconfirmation of Relevant Design Codes and 

Standards Applied
– Calculation Dossier
– Confirmation of Interface Issues
– Confirmation of Inspectability and Maintainability

• Specifies submittal requirements related to 
novel concept
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Full Class Approval
• Detailed Risk Assessments:

– Quantitative risk methods 
• Types (Event Trees, Fault Trees, Structural Reliability)
• Uses and limitations
• Submittal requirements prior to initiating risk assessments

– Selection of target reliability and risk acceptance criteria
• Difficulties in criteria selection for novel concepts
• Backup and justification requirements prior to accepting risk 

acceptance criteria
– Comparative risk assessments 
– Risk submittal requirements

• Review of Hazard Register to ensure all identified 
hazard addressed 

• Review of final design to ensure no new hazards 
created



Survey/Maintenance of Class
• Input to Survey During Construction

– Critical Areas
– Verification and Witness of Testing

• Input to Survey During In-Service Operation
– Maintenance schedules
– Inspection scope/frequency
– Conditional failure probabilities
– Pilot Testing of Novel Features
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