
FULL SCALE OIL CONTAINMENT BOOM TESTING AT SEA 

Atle Nordvik 
Marine Spill Response Corporation 

1350 I Street NW 
Washington, D.C. 20005 

Paul Hankins 
SEA 00C 

Naval Sea Systems Command 
2531 Jefferson Davis Highway 

Arlington, Virginia 22242 

Ken Bitting 
U.S. Coast Guard 

Research and Development Center 
1082 Shennecossett Road 

Groton, Connecticut 06340 

Larry Hannon 
Minerals Management Service 

U.S. Department of the Interior 
381 Eldon Street 

Herndon, Virginia 22070 

Robert Urban 
PCCI 

1201 East Abingdon Drive 
Alexandria, Virginia 22314 

ABSTRACT: In May 1994 the Marine Spill Response Corporation, 
U.S. Coast Guard, U.S. Navy, and Minerals Management Service 
conducted a joint test of oil containment booms in Lower New York Bay 
and in the Atlantic Ocean east of Sandy Hook New Jersey. These tests 
allowed the collection of quantitative data on boom performance, in-
cluding tow forces, skirt draft, and boom freeboard, as a function of tow 
speed and environmental forces due to currents, wind, and waves. Four 
booms were chosen for testing based on their different physical charac-
teristics: The 3M Fire Boom, the Barrier Boom, the USCGIOil Stop 
inflatable boom, and the U.S. Navy USS-42 boom. Use of these booms 
allowed data acquisition over a range of buoyancy to weight ratios from 
5:1 up to 52:1, nominal skirt drafts from 61 cm up to 150 cm, and 
freeboards from 37 cm up to 119 cm. 

The data collected allows a comparison between methods for calculat-
ing boom loads and measured loads. Existing calculation methods 
predict towing loads below the mean loads experienced by a boom when 
used at sea. Further research will be required to develop an encompass-
ing dimensionless empirical formula, based on hydrodynamic theory 
and the dynamics of vessel motions, to more closely predict oil contain-
ment boom tow loads. 

Very little quantitative work has been done to document boom 
performance at sea as a function of common boom design characteris-
tics, such as freeboard, skirt draft, and gross buoyancy to weight ratio 
(B/W). The present tests were performed to allow the collection of 
quantitative data on the conformance of four different booms, in 
different sea states, at four different tow speeds: 0.5, 1.0, 1.5 knots, 
and speed at boom submergence. The objectives of these tests were to 
obtain data to allow the development of performance parameters 
which can be used, when encompassed in a dimensionless empirical 
formula based on hydrodynamic theory, to predict in what environ-
mental conditions and under what operating conditions a boom will 
fail: the design constraints. Further objectives of these tests were to 
provide data for the correlation of test tank data to at-sea wave confor-
mance of the booms and to allow the participating organizations to 
familiarize themselves with the performance of the other organiza-
tions' equipment. 

The tests were jointly sponsored by the Marine Spill Response 
Corporation (MSRC), the U.S. Coast Guard (USCG), the U.S. Navy 
(USN), and the U.S. Department of the Interior Minerals Manage-
ment Service (MMS). These organizations participated in the plan-
ning, and contributed assets and personnel during testing in order to 
keep out of pocket expenditures to a minimum. Additional organiza-
tional participants included PCCI, a marine and environmental engi-
neering firm, Norlense A/S and Treleborg Industries AB, owners of the 
Barrier Boom, and observers from a broad range of government and 
industry. 

Oil containment booms 

Four booms were chosen for testing based on their range of buoy-
ancy to weight ratios from 5:1 up to 52:1. Other considerations in-
cluded limiting the number of booms to keep test duration within one 
week, and the availability of the booms at no cost to the participating 
test organizations. Design characteristics of the four booms are shown 
in Table 1. 

3M Fire Boom. Seven sections (106.7 m total) of 3M Fire Boom 
(Figure 1) were towed between 45.7 m lengths of inflatable Navy 
boom. Sections of Navy Model USS-42 were used on one side of the 
Fire Boom while sections of Navy Model FUG-1 were used on the 
other side of the "U" configuration. The 3M Fire Boom utilizes high 
temperature components and a unique ceramic float design to allow in 
situ containment and burning of oil. The critical dimensions of the 
boom are given in Table 1. This boom is now marketed and manufac-
tured by American Marine, Inc., under license from 3M, as American 
Fireboom. 

Norlense A/S Barrier Boom Model NO-1370-R. 400 m of Barrier 
Boom was deployed off its large hydraulic storage reel which was 
mounted on the weather deck of the MSRC oil spill response vessel 
(OSRV) New Jersey Responder, as shown in Figure 2. The deployment 
reel was controlled by one operator, who was able to adjust the angle of 
the reel to allow the boom to be spooled on and off the reel. The boom 
is one continuous length with interior flexible rings, instead of an air 
chamber, which inflate automatically as the boom comes off the reel. 
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Table 1. Boom design characteristics 

Source/ 
boom model 

U.S. Coast Guard, Oil Stop, Inc. 
U.S. Navy, Dunlop Model USS-42 
Norlense A/S Barrier Boom 

NO-1370-R 
U.S. Navy, 3M Fire Boom 

Nominal boom 
section length 
[O/A length] 

(m) 
25 
16.8 

[400] 
15.24 

Flotation 
chambers 

per section 
8 
5 

80 
7 

Buoyancy/ 
weight 
ratio 
20:1 
8:1 

52:1 
5:1 

Nominal 
flotation 
chamber 
diameter 

(cm) 
46 
36 

137 
46 

Nominal 
skirt 

length 
(cm) 

61 
64 

150 
61 

Nominal 
overall 

collapsed 
height 
(cm) 
140 
145 

366 
107 

Freeboard 
(cm) 

46 
39 

119 
37 

Max. 
draft 
(cm) 

69 
70 

168 
70 

Transverse bulkheads divide the length into five meter sections so that 
damage or leakage will be confined to the immediate area. The boom 
has a flexible skirt weighted down by a chain which runs the length of 
the boom. The design of the boom allows water to enter the boom skirt 
as it is deployed, adding stability. The critical dimensions of the boom 
are given in Table 1. 

USCG inflatable oil containment boom. 200 m (one reel) of the 
USCG inflatable containment boom, manufactured by Oil Stop, Inc. 
was deployed from its storage reel mounted on the aft deck of the 
USCGC Penobscot Bay, as shown in Figure 3. The 25 m length boom 
sections each have eight inflation chambers that are made separate 
from the boom and are installed inside a long pocket that runs the 
length of the boom. The critical dimensions of the boom are given in 
Table 1. 

U.S. Navy Model USS-42. Sections of the Navy's new USS-42 boom 
were towed in the apex between sections of the older model FUG-1 
boom. For these tests the Navy Boom was wound on top of the NOFI 
Oil Trawl reel which is semi-permanently stored on the weather deck of 
the OSRV New Jersey Responder (Figure 4). The critical dimensions of 
the boom are given in Table 1. 

Test configuration and procedures 

For most of the tests two booms were towed in tandem as shown in 
Figure 5. The OSRV New Jersey Responder, as the center vessel, towed 
two booms at one time and acted as the command vessel for all tests. 

Figure 1. 3M Fire Boom deployment Figure 2. Barrier Boom and reel during deployment 
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Figure 3. U.S. Coast Guard Inflatable Boom deployment Figure 4. U.S. Navy USS-42 
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BHB: BOOM HANDLING BOATS 

Figure 5. Typical boom towing configuration 

The USCG vessels, Penobscot Bay and Point Francis, towed the outer 
ends of the booms. The sweep width for one boom was held constant at 
approximately 91.5 m. This distance was varied for one test in which 
the Barrier Boom was towed in a U configuration with a sweep width of 
183 m. 

Video cameras recorded each test run from three positions: the New 
Jersey Responder, and each of the trailing boom handling boats. One of 
these two support boats was placed behind the apex of one of each of 
the booms being towed, focusing on the apex of the boom. Scales 
painted on the booms (see Figure 6) allowed the freeboard, both 
forward and aft, to be documented for later review and comparison 
with the collected data. 

A test run consisted of the tow vessels lining up in the desired 
direction to the wind or swell at near zero speed. Radar was used to 
determine and control the required sweep width between each pair of 
vessels. The tow vessels accelerated to 0.5 knot; when the speed was 

confirmed the data for the run was recorded for approximately 10 
minutes. The test director then instructed the tow vessels to accelerate 
to 1 knot, and the process was repeated. The process was repeated at 
1.5 knots. Finally, a functional test was performed to determine the 
speed at which either the flotation submerged or the skirt surfaced. 
This tow sequence was repeated so that data was acquired towing both 
into the sea and with the sea, after which time the towed boom was 
recovered to its appropriate reel. 

Instrumentation and data collection 

The following parameters were recorded during testing: boom tow 
speed, skirt draft, tow tension, boom freeboard, and environmental 
conditions. 
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Figure 6. Freeboard scale painted on boom pressure transducer, and 
attitude indicator 

Boom tow speed. The tow speed was recorded manually on all three 
vessels at one minute intervals during the ten minute test runs. On the 
New Jersey Responder, the speed through the water was recorded both 
manually and electronically by taking readings every minute from the 
vessel's satellite navigation system. 

Skirt draft. Two In-situ Inc. model PTX-161/D submersible pres-
sure transducers were fastened to the bottom of the skirt of each boom 
(see Figure 6). The primary transducer was located in the apex of the 
boom and a backup was located approximately 33 meters from the 
primary unit. The signal from the transducers was hard wired to a data 
collection station located in the communications center on the OSRV. 
A four channel data logger, Rustrak Ranger II, was used to record the 
conditioned sensor outputs from both the pressure transducers and the 
tow load monitoring cells. 

Tow tension. The tension was recorded on both ends of a towed 
boom. On the New Jersey Responder the tow tension was recorded 
from the two tension meters at 10 second intervals using the data 
logger. On the other vessels, the tow tension was manually recorded by 
reading the electronic load cell remote displays located on deck. 

Boom freeboard, overtopping, and skirt attitude. Prior to testing, a 
linear vertical scale was painted on each of the test booms using a 
template with rectangular marks and 63.5 mm numbers in 76 mm 
graduations from the topmost point of the boom to two feet below the 
flotation chamber. Figure 6 shows the scales painted on the Barrier 
Boom. 

Each test was video recorded from two vantage points. One camera 
was positioned on top of the pilothouse of the OSRV New Jersey 
Responder and videotaped the wave and water action against the inside 
of the boom. A second camera was positioned in a small work boat that 

trailed the boom to record the wave and water action outside of the 
apex (Figure 7). When two booms were being tested simultaneously, 
four cameras were used. Two cameras were located on the New Jersey 
Responder, in the middle of the "W" formation, and one camera was 
located on each of the two work boats positioned behind the booms. 
The cameras utilized were all 8 mm consumer models and were oper-
ated by volunteers from MSRC, the U.S. Coast Guard, and the U.S. 
Navy. Approximately 20 hours of video tape were used to record the 35 
tests conducted. 

Environmental conditions. The environmental conditions were re-
corded in two ways. The water current and wind direction and speed 
were recorded manually, from the instrumentation associated with the 
New Jersey Responder navigation system, at the beginning and end of 
each test run. Significant wave height and period, and average wind 
speed and direction, were also recorded every half hour from a Coastal 
Climate Co. Minimet Buoy provided by the Coast Guard. 

Test results 

For each of the booms tested, the test data was analyzed in two ways. 
First, the various recorded test parameters were separately compared 
for each boom for each test conducted. In order to explain variations 
and inconsistencies in tow forces and skirt depth for a constant tow 
speed, plots were made of the following test parameters: tow force and 
skirt draft; tow speed and sweep width; and tow force and sweep width 
for each tow vessel. Secondly, the results were compared for all the 
booms, to determine the effects of different design characteristics on 
boom performance. The mean tow tension and skirt draft for each test 
was plotted for the tow speeds of 0.5,1, and 1.5 knots. Plots were made 
of the following data with all booms represented on each plot: tow 
tension vs. tow speed (Figures 8 and 9), buoyancy/weight ratio vs tow 
speed at submergence, skirt draft and oil thickness (measurements 
taken from other at sea boom tests) vs tow speed, and freeboard vs tow 
speed (Figure 10). 

3M Fire Boom. The 3M boom had the lowest buoyancy to weight 
ratio, 5:1. It was only tested on the second day of testing, in calm 
conditions, for a total of 6 tests. Standard operating conditions for the 
3M Fire Boom are low towing speeds and calm sea states. Once towing 
speeds remained constant for test 6 at 1.5 knots the boom could not 
sustain the towing force, resulting in the mechanical failure of an end 
connector. The tow speed at full boom submergence was also deter-
mined to be 1.5 knots. The fireboom had the lowest draft of all the 
booms when no tow force was applied. Once towing began, the free-
board decreased more quickly than the other booms. Figure 7 shows 
the Fire Boom under tow. 

Norlense A/S Barrier Boom Model NO-1370-R. The Barrier Boom 
had the highest buoyancy to weight ratio, 52:1. It was tested in sea 
states 0 and 2, for a total of 27 tests. Although the boom never 
submerged, the boom did begin to deflate slightly at a tow speed of 3.5 
knots. Higher tow speeds would have been tested; however, the tow 
tension on the load cell at 3.5 knots was exceeding its safe working 
level. Overall, the boom conformed well to waves both perpendicular 
and parallel to the center axis of the boom. 

USCG inflatable oil containment boom. The Coast Guard boom had 
a buoyancy to weight ratio of 20:1. This boom was also tested in both 
sea state 0 and 2 conditions, for a total of 21 tests. Like the Barrier 
Boom, the USCG boom conformed well to waves which flowed along 
the length of the boom. Boom submergence was recorded at a 2.5 knot 
tow speed due to observed major splashover occurring at this tow 
speed in both sea states 0 and 2. 

U.S. Navy Model USS-42. The Navy boom has a buoyancy to weight 
ratio of 8:1. Tests performed on the USS-42 occurred in calm weather 
only for a total of 10 tests. Unfortunately, two flotation chambers of 
this boom were punctured during deployment and deflated during 
testing. One of the deflated chambers was next to the sections forming 
the apex. The boom submerged while accelerating from 1.5 to 2 knots. 
Overall, the boom did not conform to waves along the length of the 
boom. 

Comparison of boom performance 
Freeboard and skirt draft. Figure 10 indicates the speed at which 

splashover and boom submergence can be expected to occur based on 
test results. From the videos, the freeboard of each boom was deter-
mined both on the inside of the apex (forward) and the outside of the 
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Figure 7. 3M Fire Boom under tow between sections of Navy Inflatable Boom—The trailing boat was 
used to obtain video records of boom performance. 

apex (aft) when possible. The inside measurements were more difficult 
to determine since the camera which video taped the forward view was 
located on the New Jersey Responder. The freeboard on the inside of 
the apex was measured to determine the speed at which the boom 
began to submerge. The freeboard on the outside of the apex was 
measured to allow calculation of the difference in water levels inside 
and outside of the boom during towing operations. The additional 
head inside the boom due to towing can be significant as shown in 
Figure 11 which shows the inside and outside freeboard for the Oil Stop 
(Coast Guard) and the Barrier Boom in sea state 2 conditions. 

Tow speed at boom submergence. Figure 12 is a plot of tow speed at 
submergence versus the buoyancy to weight ratio of each boom. As 
mentioned, for the Barrier Boom the tow speed at submergence could 
not be achieved due to equipment limitations; therefore the data point 
for the Barrier Boom was estimated by adding 0.5 knot to the highest 
recorded tow speed. 

Calculated vs. measured tow forces. In order to compare theoretical 
tow forces with the actual tow forces recorded during the at-sea tests, 
both were plotted for each boom (Figures 13 through 16). The boom 
parameters recorded during the test runs were used to compare each 
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Figure 8. Mean tow forces in calm sea state—Booms towed against 
the current 

γ 

Γ 1 

o 

o / 

o 

■t-
L 

-

1 

o 

o 
o 

L_ 

o / 

— - ~" 
- -^ 

-\ 

1 1.5 
Tow Speed (kt) 

0 0.5 

+ USCG Oil Stop Boom 
Curve fit 

° Barrier Boom 
Curve fit 

Figure 9. Mean tow forces in sea state 2—Booms towed against the 
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Figure 12. Buoyancy/weight vs. tow speed at submergence—The Barrier Boom was towed to 3.5 knots, 
but did not submerge; it was estimated to fail at 4.5 knots. 

2.5M0 

4 
2-10 

r'°4 

£ 4 
=s 1-10 
i2 

> 
< 5000 

0 

— 

-

1 i 1 

I I 

1 1 1 

I 1 1 

1 

1 

—i 

A 

_J 

-

1.2 1.4 1.6 

World Catalog Theory 
Curve Fit 
ITOPF Theory 

0.6 0.8 1 

Tow Speed (kt) 

" Curve Fit 
"·" Navy 3-M Fire Boom Ave. Test Data 

Curve Fit 

Figure 13. Calculated vs. actual Fire Boom tow forces 
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Figure 14. Calculated vs. actual USS-42 tow forces 

theoretical calculation of tow force to the actual mean tow force re-
corded for each tow speed. Two different calculations were made using 
the methods described by Schulze,1 and The International Tanker 
Owners Pollution Federation, Ltd. (ITOPF)2 In both of these methods, 
the total drag force acting on the boom is calculated. To compare these 
calculated forces to the tow forces recorded during testing, each total 
calculated force was divided by 2, assuming that the sum of the two 
tension loads at each towing vessel equals the total drag force, and that 
the tension loads on each towing vessel are the same. 

The formula contained in Schulze, the World Catalog Formula, 
predicts the average tension experienced by the boom, caused by the 
wind and current acting on the boom. The formula consists of the 
following: 

Ta = 0.5 L T Cd Pa f Va (1) 

Where: Ta = tension due to wind (lbf) 
L = length of boom (ft) 
T = tension parameter (dimensionless), based on the gap 

ratio 
Cd = drag coefficient (dimensionless), assume 1.5 
pa = fluid density, for air = 0.00238 slugs/ft3! 
f = boom freeboard (ft) 

Va = wind speed (ft/s) 

0.5 L T Cd pw d (Vw + 0.5 · (Hs)"
1/2)2 (2) 

1. A slug is a unit of mass that when acted on by a force of one pound is 
accelerated by one foot per second per second. (1 slug = 14.59 kg; 
slugs/ft3 = 0.515 grams/m3) 
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Figure 15. Calculated vs. actual Oil Stop tow forces 
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Figure 16. Calculated vs. actual Barrier Boom tow forces 

Where: Tw = tension due to waves and current (lbf) 
L = length of boom (ft) 
T = tension parameter (dimensionless), based on the 

gap ratio 
Cd = drag coefficient (dimensionless) 
pw = water density, 1.98 slugs/ft3 

d = boom draft (ft) 
Vw = current speed (ft/s) 
Hs = wave height (ft) 

The total drag force (pounds force, lbf) on the boom is given by: 

D = 2 (Ta + Tw) (3) 

The ITOPF method is a simplified formula with a safety factor built 
into the equation. Again, the total load acting on the boom is calcu-
lated using the projected area of the boom the current is acting on. For 
the calculation, the total boom draft area was used. The following 
formula is presented by ITOPF to predict the total drag force acting on 
the boom: 

Fc = 26 · A · V2 (4) 

Where: 

Where: 

Fc = force exerted on the boom's submerged area (kg) 
A = submerged area (m2) 
V = current velocity (knots) 

26 (V/40)2 (5) 

Fw = force exerted on the boom's freeboard area (kg) 
A = freeboard area (m2) 
V = wind velocity (knots) 

Comparisons between theoretical and actual tow forces were made 
for all four booms. The theoretical forces were calculated using the 
actual data for freeboard, draft, and velocity. Since tow speeds were 
variable in some cases, a curve was fit to the calculated tow forces to 
represent the tow force that each theory would predict for the test 
conditions. When possible, the maximum average tow force was also 
included on the plots. It was taken as the top five percent of the loads 
recorded during each test run by the data logger (Figure 15). By 
determining the difference in the maximum average and average tow 
forces, design specifications can be determined for the higher loads by 
adding in a correction factor. 

Both theoretical methods fail to predict the average loads experi-
enced by a boom when used at sea. The plots of all four booms show 
that both the ITOPF and the World Catalog formulas yield tow forces 
less than the mean loads experienced by each boom during the test 
runs. However, the calculated loads using both methods are in agree-
ment with each other, which implies that both equations are based on 
similar assumptions. The only boom loads which either formula pre-
dicted well were for the 3M Fire Boom. 

Conclusions 

Based on the comparisons of the test data, several conclusions can be 
drawn regarding the performance of booms at-sea and design parame-
ters which effect the performance. 

Among the booms tested, there is a clear relationship between the 
amount of reserve buoyancy and the tow speed at submergence, and 
between the amount of reserve buoyancy and wave conformance. A 
boom with a higher B/W ratio will be able to sustain higher tow speeds 
and perform in higher sea states. However, the behavior of booms 
when about to submerge is affected by other boom characteristics as 
well. All of the booms tested submerged except the Barrier Boom. 
Operational limitations for the 3M Fire Boom are severe. Offshore 
operation other than in calm seas or prolonged towing at speeds 
exceeding 1 knot are not recommended. 

The data collected on skirt draft vs. tow speed during these tests can 
be compared with data from measurements of entrained oil thickness 
to make an assessment of boom oil loss rates. This in turn could be used 
to establish pass/fail criteria for booms as a function of tow or current 
speed and sea state. 

Existing tow force calculation methods predict towing loads below 
the mean loads experienced by a boom when used at sea. One parame-
ter which has not been taken into consideration in the existing methods 
is the acceleration forces of the second tow vessel. The towing speed of 
the second tow vessel directly affected the towing tension measured on 
the first tow vessel, which was one of the reasons the acceleration forces 
experienced are much greater than current design calculations predict. 
Another test parameter which effected the tow force was the gap 
distance between the towing vessels. During towing operations, the 
gap is not always held constant, as currently assumed in both calcula-
tion methods. Variation in gap distance directly effects the magnitude 
of the tow force. The variations in both vessel accelerations, and gap 
distance, must be accounted for in any calculation method, probably 
by increasing the safety factor to compensate for these dynamic effects 
usually experienced at sea. 

Further research will be required to develop an empirical method, 
based on hydrodynamic theory and the dynamics of vessel motions, to 
predict oil containment boom tow loads. Additional testing of oil 
containment booms in higher sea states will be required. 
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