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ABSTRACT: The January 1994 grounding and discharge of over 
800,000 gallons (3,028,000 liters/3,028 m3) of low API gravity No. 6 oil 
from the tank barge Morris J. Berman at San Juan, Puerto Rico was one 
of those infrequent but typically major events that set in motion a massive 
skimming and shoreline cleanup operation. As these actions proceeded 
effectively along the northern coast of Puerto Rico, it quickly became 
apparent that significant quantities of oil from the Berman had sub-
merged and continued to recontaminate economic, historic, and envi-
ronmentally sensitive coastal areas after the leaking barge and floating 
oil had been removed. Recognizing the unique nature of the problem 
and general lack of Coast Guard or industry-wide experience in the 
emerging field of submerged oil recovery, the federal on-scene coordina-
tor (FOSC) formed a group within the overall organization to respond to 
the situation. The methods implemented by this group recovered ap-
proximately 145,000 gallons of oil from the seabed at an estimated cost 
of $8 million. 

The oil spilled from the tank barge Morris J. Berman was a highly 
viscous No. 6 fuel oil with an API gravity of 9.5. This is known as 
LAPIO (low API oil) or Group V fuel oil. At least 150,000 gallons 
accumulated as submerged oil in lagoons and semi-sheltered embay-
ments. Two factors may have led to the formation of non-floating oil. 
The first was the composition of the oil. Heavy residual oil was blended 
with another product(s) as it was loaded into the barge (at 180° F). 
When oils of widely different API gravity are blended, the mixture can 
be incompatible, leading to precipitation of the asphaltenes, and 
sludge formation. In the case of the Berman oil, the blending may have 
been incomplete, leading to separation of the oil into different frac-

tions as the released oil cooled, with the heavier fraction more likely to 
sink or suspend in the water column. In laboratory experiments, oil 
from the barge was premixed with ten different dispersants and tested 
by a swirling flask method. For seven of the dispersants, the oil/ 
dispersant mixture sank when initially added to the artificial sea water 
solution. 

The second factor was that oil released directly into the high energy 
surf zone was quickly mixed into the water column by wave action. 
Sand also was suspended by the waves, and it is likely that the oil and 
sand were mixed together. Addition of at little as 2 percent sand by 
weight would cause the oil to sink. All of the submerged oil that was 
sampled and analyzed contained some sand. Submerged oil accumu-
lated where the currents were relatively low, such as in sheltered 
lagoons or in the lee of offshore rock reefs. Each afternoon, the oil 
would tend to rise from the bottom in small globules resembling a lava 
lamp effect, break free, surface, and create a sheen. Obviously, the oil 
itself remained lighter than water, because it readily floated when 
separated from the sand. When samples of the submerged oil were sent 
to the laboratory, the oil/sand mixture was on the bottom of the jar of 
sea water, and the oil was floating. The shaking during shipment 
caused the sand to separate from the oil. It is thought that wave-
generated turbulence caused by afternoon sea breezes, which facili-
tated separation of sand from oil, was the primary mechanism by which 
the submerged oil refloated each day. Solar heating was also possible, 
particularly in very shallow water which would experience daily heat-
ing and cooling differentials. It is important to note that during dredg-
ing operations much of the recovered submerged oil floated in the 
decanting pools, again indicating that the oil itself was buoyant once 
the sand was separated out. 

Chemically, the oil was characterized as having high levels of aro-
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matic hydrocarbons. Based on the chemical analyses, it appeared that 
the oil had been blended with other residual products, rather than cut 
with a commercial product like diesel. The pour point was reported to 
be about 40° F, yet informal experiments with samples from the barge 
indicated that the pour point was much lower. Samples of submerged 
oil collected three weeks after the spill remained chemically un-
weathered. The physical properties changed somewhat as more sedi-
ment mixed into the oil and it was reworked by wave action. Much of 
the oil resembled molasses and was readily pumped. In other areas, the 
submerged oil took on a thicker consistency over time and could be 
manually picked up by divers and placed in bags. 

Submerged oil recovery zones 

Submerged oil accumulated in recoverable quantities in four distinct 
zones. Three were immediately adjacent to the grounding site (Figure 
1). The fourth was located 110 kilometers (km) to the west. Zone 1 was 
a very small embayment sheltered from direct wave attack but adjacent 
to an area of very strong tidal currents. Submerged oil occurred as a 
heavy coating on seagrass blades and as tarballs in the sediment of the 
seagrass beds. Tidal currents prevented the accumulation of larger 
deposits. As oil-coated blades of seagrass died they tended to coalesce 
into the cigar-shaped rollers which mixed with bottom sand and shell 
fragments. 

Zone 2 was a highly modified lagoon with a submerged breakwater 
on the seaward side that sheltered the lagoon from direct wave attack. 
The south side (zone 2A) was more exposed than the northwest side 
(zone 2B). Both were natural catchment areas where large amounts of 
floating oil accumulated in the lagoons making it a major oil recovery 
site. Submerged oil was observed on the sandy lagoon floor within 24 
hours after the spill. The oil had to have entered the lagoon floating on 
the surface or suspended in the water column to get by the shallow 
breakwater. Once inside the relatively quiet lagoons, the oil settled to 
the bottom. In Zone 2A it was reworked by wave-generated currents 
into long troughs and ridges, similar to very large ripples. Sand tended 
to cover the oil in the troughs, so the oil appeared as long black ridges 
of tarballs in some areas. In the more sheltered northern part of the 
lagoon 2B, the oil formed large, contiguous mats which became cov-
ered with sand over time. The submerged oil tended to refloat and 
recontaminate the adjacent economically sensitive beaches that serve 
the Caribe Hilton and Normandie Radisson hotels. 

Zone 3 was located on the exposed outer shore, where offshore rock 
reefs formed a semi-protected lagoon and pocket beach just a few 
hundred meters west (and down current) of the grounding site. The 
submerged oil accumulated in the lee of the offshore rock reefs, 
forming thick, cohesive mats on the sandy bottom and seagrass beds. 

Each afternoon, when the sea breezes and wave energy increased, 
pieces of the mats would break off and roll around on the bottom or 
refloat. This refloating oil continued to feed a chronic slick in this area 
up to four weeks after the barge was removed. Over time this oil was 
reworked into the sediment and covered by wave action. This natural 
reworking, and the recovery efforts, finally dissipated the slick. Large 
accumulations of oil-laden sorbent snare placed in the water during the 
early stages of the surface response sank in this zone. 

Zone 18 was located 110 kilometers to the west. It is thought that the 
source of the oil here was the oil released when the barge was refloated 
and towed to the scuttling site. Because of the exposed setting, the 
submerged oil was highly mobile. Stable and recoverable concentra-
tions occurred only in the lee of a large rock reef which protruded 
offshore. Waves refracted around the reef, and submerged oil accumu-
lated on both sides of it. In other locations, the submerged oil patches 
were observed to consistently move to the west with the nearshore 
currents, complicating recovery. 

Recovery of submerged oil by divers 

The three companies that provided diving personnel for this project 
were Eason Diving and Marine Contractors, Inc. of Charleston, South 
Carolina; Remac, Inc., of Morrisville, Pennsylvania; and Larco, Inc. 
from Lake Charles, Louisiana. The divers ranged from local sport 
divers to formally trained commercial divers who had just completed a 
project the previous week at a nuclear power plant. Although the 
expertise of divers assigned to this project varied, appropriate tasks 
and diving methods were quickly implemented to maximize the recov-
ery efforts. Due to their knowledge of the reefs, local sport scuba 
divers proved to be most effective performing survey work. They also 
were very effective recovering oil from sea grass using snares and 
bagging congealed oil that was no longer pumpable. Trained and 
experienced commercial divers utilizing surface supplied air, topside 
voice communications and protective drysuits were most effective 
handling the pumping of submerged oil. Early in the job an attempt 
was made in Zone 2B to recover an extensive field of oil with the 
National Response Corporation vacuum transfer unit ( VTU) operated 
by scuba divers. This was necessary due to the lack of commercial 
equipment onsite such as free flow helmets, bandmasks, and protec-
tive drysuits. Because of the risk of oil ingestion, the use of scuba gear 
proved to be unsafe, and the pumping of heavy concentrations of oil 
became the primary task of the commercial divers when their more 
sophisticated equipment arrived from the continental United States. 

It is important to note the difference between scuba and surface 
supplied air diving modes as each has its distinct advantages and 
practical limitations. Scuba gear allows for total mobility, has no range 

Figure 1. Location of shoreline zones for response to the Morris J. Berman spill, San Juan, Puerto Rico 
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limitations, and requires little or no topside support equipment or 
personnel. However, it provides no protection for the diver in contami-
nated water. The lack of clear, dependable voice communications and a 
limited air supply worn by the diver in the scuba mode are other 
disadvantages when operating recovery equipment underwater. Sur-
face supplied air diving with free flow air helmets provides the divers 
with unlimited air pumped from the surface, and communication via a 
communication cable tethered to the air hose. Here the diver's ears, 
eyes, nose and mouth are protected from contaminants. This method is 
also more efficient and safer when operating equipment such as vac-
uum systems used underwater, since the diver can call for the starting 
or stopping of shoreside pumps. Disadvantages of surface supplied air 
diving include larger support crew size, the need to use a diving air 
compressor or high pressure airbank, and the limits on a divers range 
set by the length of his 300 ft. umbilical. 

Underwater survey and recovery. Although most submerged oil 
areas were evident from the helo overflights, there were suspect sites 
that needed to be verified. Areas surveyed by scuba divers included 
darker patches of sea grass, sporadic areas of submerged oil covered by 
sand, dark spots in deeper water, and natural collection areas in deeper 
water identified by reviewing bottom topography on charts. Underwa-
ter photos and video were taken to provide documentation of the sites. 
In areas of heavy oil contamination an Eason diving underwater TV 
system with topside monitor was utilized by a surface air supplied 
diver. This allowed for topside viewing during the dive and provided 
very comprehensive documentation because it recorded the video 
footage as well as diver and topside audio on a VHS cassette. 

Fields of oil on the bottom were recovered from Zones 2A, 2B, 3B, 
3C, and 18. In some areas the oil accumulation on the bottom was more 
than one foot deep. Although this was the easiest oil to pump, it also 
was the easiest to stir up, contaminating the diver and his life support 
equipment. Different combinations of topside pump systems were 
used to recover this type of oil. As the oil became thicker over time 
these pumps were also placed in series to better move the oil ashore. 
All systems utilized a 4 inch suction hose with a 2 inch diameter 
"stinger/' fitted with a quarter-turn ball valve for diver control. The 
stinger ball valve had two purposes, of which the most important was 
diver safety. The diver should have the means to deactivate the equip-
ment if a problem is encountered. The ball valve control also allowed 
the equipment to operate more efficiently as the diver had to con-
stantly reposition himself in heavy surge, remove objects blocking the 
stinger, or move to new patches of oil. Opening and closing the ball 
valve allowed the diver to minimize the clogging of the system with 
sand and debris, and minimize water recovery when moving. The 
stinger was omitted on several occasions due to clogging with oily sand 
and debris. 

Diving equipment. The diving equipment most advantageous for 
the recovery of submerged oil with pumping or vacuum systems was 
the Desco free flow helmet with double exhaust valve mated with a 
Viking drysuit. This encapsulated system prevented any contamina-
tion of the diver. A Tyvek suit was worn over the vulcanized rubber 
drysuit to provide some minimal protection to the suit. This system 
made it awkward for the diver to enter a surf zone, however, since the 
helmet itself weighs 34 pounds and the divers were wearing an addi-
tional 60 pounds of weight to stay in position on the bottom to operate 
the suction hose. The Desco spun copper "pot" with no external 
plumbing could be decontaminated for reuse in 5 to 10 minutes. Two 
other popular commercial diving helmets also were used by divers on 
this project: the Superlite 17, and Heliox 18 bandmask. The Superlite 
17 worked well, keeping the divers' heads dry and clean, the only 
disadvantages being occasional clogging of the regulator with oil which 
resulted in a shortened dive and longer decontamination process. The 
Heliox 18 bandmask had the same problem as the Superlite 17, but the 
"wet" neoprene hood also attracted oil, requiring extensive cleaning 
or replacement oat a cost of $89 each. 

Although the Desco pot proved to be the ultimate helmet used in 
contaminated water on this project, consideration must be given to the 
air supply available on site. Since it is a free flow helmet, it is necessary 
to have a low pressure dive compressor to supply an adequate volume 
of air. The Superlite 17 with its demand system, however, can be 
adequately supported by three-to-six 300 cubic foot breathing air 
cylinders daily depending on the divers' depth and working conditions. 
This is an advantage of the Superlite 17 as the high pressure dive 
control system which is utilized as a manifold with these cylinders can 
be flown as luggage and the cylinders rented locally. The free flow 
Desco pot takes many times the number of cylinders to supply, vastly 

increasing the scope of topside support. The diesel dive compressor 
and volume tank necessary to support the Desco pot are costly to 
transport by air, and weigh close to 1,000 pounds, adding much addi-
tional weight to an offshore operation. This creates a stability concern 
if a small boat is used as the dive platform. 

The recovery of submerged oil buried and mixed with sand required 
the most topside/diver communication and coordination due to the 
necessity of having to alternately pump material and water to lessen 
the problem of hose clogging. The heaviest concentration of buried oil 
was found in zone 3C (Figure 1). A hydraulic powered centrifugal vane 
pump supplied by Cliff Berry, Inc. placed in series with other pumps 
effectively recovered most of this material. Submerged oil mixed with 
sand or congealed to a degree not feasible to pump was hand placed in 
100 pound poly-burlap onion sacks by scuba divers and carried to 
shore. Hand bagging of sand/oil mixtures occurred in zones 2A, 2B, 
3B, 3C and 18. Generally, this became necessary approximately 6 to 8 
weeks after the spill. The same surface supplied equipment used for 
recovering pumpable fields of oil was used here except that the absence 
of heavy free oil allowed the use of a newer demand system bandmask, 
the Diving Systems International EXO 26. The EXO 26 weighs only 
five pounds making it ideal for safe surf entry and exit, has voice 
communication as good as the Desco pot or Superlite 17, and can be 
worn with a scuba tank, affording full face protection to the diver. 
Hardwire communication cable can be run to a topside radio in the 
scuba mode and still provide good voice communications. 

The recovery of oil from sea grass was exclusively accomplished by 
scuba divers in Zones 1, 3B, 3C, and 18 (Figures 2 and 3). The divers 

Figure 2. Oiled seagrass in Zone 1 

Figure 3. Patch of submerged oil in Zone 18 
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utilized a standard 18 inch sorbent snare, gently wiping the oil from the 
grass and rolling it in tar mats of oil at the base of the grass. The oiled 
snare was then brought to the surface where a tender in the boat 
bagged it and gave the diver a clean snare. The scuba divers performing 
this operation wore Tyveks over their wetsuits for protection. Cleaning 
the oily grass in this manner did not seem to harm it and at least 
removed oil which was recontaminating emerging new growth (Figure 4). 

Large submerged piles of sorbent snare booms saturated with oil 
sank during early surface cleanup operations and had to be diver 
recovered. Submerged snare was removed by scuba and surface sup-
plied divers in zones 1, 2A, 3B, and 3C. The snare boom was cut into 
several or single pieces and then either carried to shore or pulled in by a 
grappling hook. Due to the heavy surfin Zone 3C, it was most efficient 
to position the diver past the surf line and pass a grapple with one hook 
removed out on a messenger. With voice communications the grapple 
and snare were then pulled back in by the beach crew. By removing one 
hook the grapple did not get hung up on the rocks near shore. This 
technique eliminated the diver making numerous trips in and out of the 
rocky bottom surf zone. 

Protecting and decontaminating dive equipment. The replacement 
cost and availability of diving equipment has to be taken into consid-
eration for decon purposes. A Superlite 17 helmet costs $3,700, a 
Viking drysuit costs $2,000, and the underwater video system, camera, 
and umbilical costs $12,000. In addition, this specialized equipment 
can only be purchased from a limited number of stateside dealers, and 
frequently requires several days to acquire. This costly equipment had 
to be cleaned daily after use to protect it from deterioration caused by 
the oil, and to allow the diver to put it on without contaminating 
himself at the beginning of the next day. Small plastic pools were used 
to contain the diver's hose during the dive, and a citrus based degreaser 
used to perform gross cleaning prior to suit removal after the dive. 

Protection of the underwater color TV system and divers' umbilicals 
from oil was accomplished by wrapping them with shrink wrap and 
duct tape. The standard 4-part diver umbilicals were broken down to 
only the air hose and communication cable. The communication cable 
had adequate strength to act as the lifeline, and the pneumohose 
member was unnecessary as the diver's depth had already been prede-
termined at most sites and was not a significant concern. Removing the 
polypropelene lifeline and pneumohose kept these parts from becom-
ing oil saturated, and made shrink wrapping easier. Continual equip-
ment decontamination worked so well that the only equipment Eason 
Diving disposed of at the conclusion of the project was buoyancy 
compensating devices and wet suits. Both of these are made of material 
that absorbs oil too thoroughly for sufficient cleaning to allow for reuse 
after the spill. 

Dive safety. Safety is of paramount concern on any dive project, and 
was assigned the highest priority during San Juan submerged oil recov-
ery operations. Diving operations were conducted from 7 a.m. to 5 
p.m. daily, seven days a week for ten weeks at numerous sites. Each 
site had its own particular entry/exit, heavy surf/surge, or other safety 
concern that needed to be addressed daily. The heavy surf encoun-
tered in Zone 18 made beach entry and exit dangerous for the divers. 
The rocky bottom and reef in Zones 3B and 3C that had to be transited 
by the divers carrying heavy submersible pumps, and dragging up to 
300 feet of 4 inch hose caused concern for falling. The surface supplied 
air diver in these zones routinely wore sixty pounds of weight and steel 
shanked boots to provide secure footing. Since the divers could not 
simply surface with the heavy weight in the event of an equipment 
failure, diver bailout systems were worn, and divers' umbilicals were 
wrapped with additional duct tape to prevent chafing on the reef. 
Broken bottles and hypodermic needles were a concern at all sites, but 
especially in the lagoons of 2A and 2B. 

There were no accidents or safety incidents involving any divers 
wearing drysuits or utilizing surface supplied air on the entire project. 
The most serious injury to a diver occurred at Zone IB, resulting from 
a puncture through the scuba diver's bootie, probably from broken 
glass. The governing regulations for diver safety are contained in 
OSHA regulations 29 Code Of Federal Regulations 1910, Subpart T, 
Commercial Diving Operations. PADI and other recreational scuba 
diving standards are not applicable for determining dive techniques on 
a commercial job such as this. 

Surface supplied air divers routinely worked three to four hour shifts 
operating suction hoses without experiencing fatigue or heat stress in 
the drysuits. It is important to recognize that the safe in-water time for 
a diver should be determined by the diving supervisor and the individ-

Figure 4. Divers used sorbent snares to gently remove oil from con-
taminated seagrass. This is manually intensive, but the least intrusive 
method devised to clean the grass. 

ual diver based on existing conditions. Imposing site safety procedures 
specific to beach cleanup operations on the divers does not necessarily 
make the diving operation safer. The single most common hazard to 
the divers at most sites was entering and exiting rocky bottom surf 
areas. It was deemed safer to allow a surface supplied diver to continue 
to work in the water for three to four hours than to constantly have the 
divers entering and exiting these areas on a half hour rotating work 
schedule. 

Dredge recovery of submerged oil and treatment of 
contaminated sand and water 

OHM Corporation designed and operated the dredging and water 
treatment system used to remove submerged oil from Zones 2A and 
2B, from January to April, 1994. Because the spill from the Morris J. 
Berman occurred during the height of Puerto Rico's tourist season, a 
speedy cleanup was essential in order to minimize major economic 
impacts to the area's economy. The general concept of submerged oil 
recovery by dredging was carefully considered and determined to be 
the quickest method of recovery in these two zones. 

Finding a pool or basin large enough to support the volumes of 
material generated by this kind of operation became a critical element 
in planning for overall system success. One of the possibilities that the 
Coast Guard project officer, OHM, and the MBI beachmaster consid-
ered was the use of one of the three swimming pools located within 
the abandoned sports stadium to the immediate west of the lagoons 
(Figure 5). One of these pools are approximately 140 feet long by 70 
feet wide by an average 8 feet deep. Its location along the perimeter of 
the sports complex meant that removal of processed sand could be 
accomplished easily. Permission was granted by local authorities for 
the Coast Guard to use the pool after financial arrangements were 
made, and assurances were given that the pool would be returned in at 
least pre-spill condition. 

This system was expected to function by separating an oil/water/sand 
slurry delivered from the dredges at a rate of 800 to 1,200 gpm. A 
sudden velocity change caused by this flow hitting a barrier would 
cause the heavier sand to drop out to the bottom of the pool. At the 
same time, oil entrained in the sands would be freed and float to the 
surface. It was decided that 45-inch floating oil containment boom 
could efficiently serve as this barrier. Besides the segment actually 
used to induce the velocity change, two other segments were placed 
across the pool to prevent floating oil from passing to the discharge end 
of the pool. 

D
ow

nloaded from
 http://m

eridian.allenpress.com
/iosc/article-pdf/1995/1/551/1747045/2169-3358-1995-1-551.pdf by guest on 23 M

ay 2023



SPILL MANAGEMENT/MITIGATION 555 

Figure 5. Submerged oil that had been covered with sand quickly separated after being pumped to the 
large recreational pool located at the corner of the swimming stadium. The availability of this pool so close 
to the recovery site was crucial to the ultimate remediation of Zone 2. 

Floating oil was recovered using a small weir skimmer attached to a 
vacuum truck and by using passive snares and sorbent materials. Sand 
was removed from the oil/water/sand separator using a Ford Trackhoe, 
and stockpiled in the prepared area on the south side of the unit to 
allow the sand to dewater by gravity. Roll-off boxes or 30 cubic yard 
end dumps were backed up along the south side of the wall that 
surrounded the poll to receive the sand. Once the sand had sufficiently 
de watered, the Trackhoe operator moved the sand over the wall into 
the containers, directed by an OHM supervisor using a radio. The 
separator unit also was used to treat vac truck loads of oil, water, and 
sand from submerged oil recovery operations in other zones. This 
greatly increased the efficiency of dive operations because it provided a 
convenient location where the trucks could quickly discharge their 
loads. The only limiting factors affecting the performance of the oil/ 
water/sand separation unit were the availability of roll-off boxes for the 
sand, limited throughput capacity of the decant units, and the need to 
shut the dredging down for maintenance or other reasons. 

The decant unit consisted of one 50,000 gallon and two 12,000 
portable treatment pools brought in from the mainland, as well as 
associated pumps and hoses used to move water from the separator to 
and between unit components. As the water was pumped from the 
separator and from pool to pool, it was expected that there would be 
less and less oil to the point that water from the final pool could be 
discharged back to the Atlantic Ocean. Snares and sorbent materials 
were used as the primary means of recovering residual oils. The 
original configuration of this system was not as efficient as had been 
expected. Turbulence caused by the pumps partially emulsified resid-
ual oil which resulted in a decreased collection efficiency. An unaccept-
able sheen remained in the third pool. To correct for these system 
faults three wooden baffles were constructed and placed across the 
diameter of the 50,000 gallon treatment pool. Turbulence in the pools 
was controlled by the construction of 4 ft high by 4 ft wide by 6 ft long 
plywood sump boxes for the discharge end of the hoses. These boxes 
were stuffed with sorbent material to trap residual oil. These modifica-
tions resulted in greatly enhanced oil recovery from the decant system 
and reduced the sheen in the final pool to acceptable levels. 

The dredging segment of the overall system consisted of two small 
dredges, dredge piping, and booster pumps. Initially, this system 
consisted of an IMS dredge available in Puerto Rico and approximately 
3,000 feet of 10 inch diameter high density polyethylene (HDPE) 
piping. Preparation of the IMS dredge for deployment to the job site 
required OHM personnel to work in close cooperation with the dredge 
owner in order to coordinate necessary repairs and refitting to make 

the dredge seaworth. Since the IMS dredge is propelled along a cable, 
it was critical that a suitable anchoring system for this cable be devised. 
This was accomplished using three-ton cement buoy anchors supplied 
by the U.S. Coast Guard Aids To Navigation Team, which were placed 
at strategic points along the shoreline of Zone 2B by crane. This 
mooring arrangement resulted in a fan dredging pattern on the bot-
tom emanating from the pivot anchor after multiple passes were made 
by the dredge. When the dredge reached the limits allowed by the an-
chors the anchors were shifted to new locations for expanded bottom 
coverage. 

Although the IMS dredge functioned beyond expectations in Zone 
2B, it soon became apparent that an additional dredge would be 
required to begin operations in Zone 2A as soon as possible (Figure 6). 
The FOSC also desired a second unit to keep production moving ahead 
in the event that the IMS dredge were to suffer a long term mechanical 
failure. Another limiting factor was that the IMS dredge would not be 
suitable for use in Zone 2A because of the lack of seaweed access for 
the emplacement of the anchoring system. OHM's analysis of these 
factors indicated that a self-propelled dredge guided, but not moved by 
a cable, would be the logical solution. Permission was sought and 
subsequently granted to bring a 27 ft Rotomote dredge and shore-
based centrifugal booster pump from the mainland. Preparation for 
the employment of this dredge involve the welding and placement of 
approximately 1,400 feet of HDPE pipe along the footbridge separat-
ing Zones 2A and 2B, and lifting the Rotomite across the footbridge at 
high tide with a 50 ton crane. 

Both dredges incorporated centrifugal vane pumps and rotating 
dredge cutterheads. The rotating dredge cutterhead would till the 
bottom allowing the dredge pump to carry oil, sand, and water to the 
separating pools. The primary operational difference between the two 
dredges was that the Rotomite had an auger type dredge head, while 
the IMS had a tiller style head. Both were effective in achieving 
recovery objectives; however, the auger style head experienced more 
difficulties with obstruction by rocks and debris because the auger 
would feed the debris into the pump suction inlet. The tiller style head 
lifted the rocks and debris but did not feed them into the pump inlet. 
A factor made rock guard was ordered and installed on the Rotomite 
and divers surveyed the dredge path from a safe distance to move rocks 
out of the way. 

As dredging progressed, divers reported finding heavy accumula-
tions of oil around the jetty and rocks near the surf line of Zone 2A. 
The Rotomite dredge was subsequently reconfigured to a vacuum 
system to recover oil from those areas which were otherwise not 
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Figure 6. Heavy field of submerged oil in the north' 
covered by sand. Two days after this picture was tal 
black lines. 

accessible to the cutterhead. Changes to the Rotomite included remov-
ing the dredge pump and repositioning it atop the cutterhead shroud, 
obtaining a 4 inch diameter hose and fitting it to the pump with a 
camlock attachment, fabricating a new PVC suction head for the hose 
end, and disabling the cutterhead by tie wiring the operator controls 
topside. Diver assisted vacuuming commenced March 3,1994 and was 
very successful in recovering pocketed oil in these hard to reach areas. 

Pumping and support equipment for 
submerged oil recovery 

In general four types of pumping systems were used to remove oil 
from the ocean floor. These included vacuum systems, positive dis-
placement piston and archimedian screw pumps, and centrifugal im-
peller pumps. The divers' first attempts at recovering oil were per-
formed in Zone 2B with a portable Vacuum Transfer Unit (VTU) 
supplied by National Response Corporation. Although this system 
worked well, it soon became apparent that it would not be effective 
farther from shore due to the decrease in vacuum effectiveness associ-
ated with an increase in hose length. This decrease occurred at a hose 
length of approximately 150 ft for the type of oil/sand/water mixture 
being recovered. To minimize the problems associated with hose 
length, VTU's were placed on portable 40 ft aluminum barges in order 
to move closer to the work in Zones 2A and 2B. 

Vacuum trucks were used throughout submerged oil recovery opera-
tions in varying capacities. Close to shore in Zone 2B, truck operators 
were able to vacuum oil from the bottom by wading out in shallow 
areas. This method worked. However, truck personnel were less expe-
rienced than divers at operating the stinger assembly, which resulted in 
frequent clogging. Truck access and hose length were also limiting 
factors. Vacuum units were eventually discontinued as primary recov-
ery systems when other pumps became available, and due to the need 
to remediate Zones 2A and 2B more quickly with higher volume 
dredging units. Vac trucks also served pumping operations in all zones, 
functioning as temporary storage tankers and providing suction on the 
discharge end of the other pumping systems to help move thicker 
product. 

Submersible archimedian screw pumps were used in Zones 2A, 3B, 
and 3C by Eason and Remac divers. Placing the pumping system closer 
to the oil extended the recovery distance from shore. Archimedian 
screw pumps incorporate a modified rotating screw and a sealing/ 

t corner of Zone 2B—This field is slowly being 
the oil was barely visible and appeared as thin 

scraping disc(s) or plate which displaces the product from the screw, 
forcing it out the discharge end. Archimedian screw pumps have 
become well known within the oil spill industry for their ability to move 
heavy debris laden oil. In this operation these pumps were carried out 
to the work site by divers and set on the ocean floor close to the 
submerged oil concentrations. 

Two different types of screw pumps were employed throughout the 
recovery operation. The Foilex Twin Disc Screw Pump was used in 
Zones 2A, 2B, and 3C. This pump has a capacity of 290 gallons per 
minute (gpm) at 600 rpm. When operating at these speeds it can 
develop a discharge pressure of 140 psi. The stainless steel model 
weighs 200 lb and the aluminum model weighs 150 lb. The pump's 
hydraulic motor requires a 26 gpm flow of hydraulic oil at 2,450 psi. 
Both the inlet and discharge ends of the pump are fitted with debris 
cutters. The pump utilizes two circular brass sealing discs that sand-
wich pliable sacrificial discs. These are fitted to each side of the pump 
screw to maintain required pressure when pumping. The Desmi 
DOP-250 pump was the first pump used in Zones 2A, 2B, and 3C. It 
weighs 160 lb, and has a capacity of 440 gpm at 800 rpm. When 
operating at these speeds it can develop a discharge pressure of 150 psi. 
The DOP-250 hydraulic motor requires 42 gpm flow of hydraulic oil at 
3,000 psi. A cutter on the screw's leading edge is designed to shred and 
pass debris. The pump casing is cast marine grade aluminum. Bearings 
are flushed and lubricated continuously by a flow of hydraulic oil. The 
plate wheel, which displaces the product from the screw is made of high 
tensile strength steel core which is covered with replaceable poly-
ethylene disc sections. 

Both pumps performed well during submerged oil operations. The 
Desmi pumps were used initially because they were already on scene as 
part of the NRC VTU/barge/skimmer package. The Desmi's were 
phased out of service in favor of the Foilex pumps so that the full NRC 
skimming package could be demobilized. The Foilex uses a smaller 
power pack which was advantageous when working out of the dive 
boat. The aluminum casing pumps were easier to move underwater 
due to their lighter weight. There were indications that the aluminum 
casing pumps may have wore more than the stainless steel pumps. 
It should be emphasized that the constant use of both of these pumps 
in sand may have exceeded their design parameters, thereby accel-
erating wear. 

Positive displacement piston Poppet pumps were utilized in Zones 
3B, 3C, and 18 by Larco and Eason divers. These pumps were found to 
be very effective for pumping heavy oil and sand mixtures. Poppet 
pumps operate much the same as a piston and cylinder in an engine. 
This design creates good suction head; pumps employed individually 
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were able to suck oil as much as 150 ft away and discharge as far as two 
hundred feet away. Both hydraulic and pneumatically driven Poppet 
pumps were used throughout recovery operations. The hydraulic 
pumps generally pumped farther than the air driven pumps. Both 
hydraulic and air driven Poppet pumps were also placed in line be-
tween the submersible archimedian pumps and the vac truck when 
pumping heavy product, or up steep inclines. The hydraulic pumps 
have a capacity of 250 gpm at 250 psi. The air driven pumps' output 
power varies primarily with the amount of compressed air being sup-
plied to the pump. Having ümited moving parts, the Poppet pumps 
proved to be easy to service and operate. One unique feature of this 
pump is that the inlet and outlet valves are spring loaded and incorpo-
rate an exposed rod with an eye on its end which indicates the vertical 
travel of the valve. If one of the valves becomes obstructed or fails for 
any reason it is easy for the operator to pull up on the eye, holding the 
valve open and allowing the obstruction to pass. 

Impeller pumps, more commonly known as dredge pumps, were 
employed toward the end of the operation when predominantly sand 
contaminated by oil needed to be removed. While the archimedian 
screw pumps primarily worked well for heavy oil, the impeller pumps 
were more effective for pumping sand. An impeller pump operates 
much like an enclosed fan blade. The blade, or impeller, is rotated by a 
hydraulic motor inside a cast steel housing which has both inlet and 
discharge openings. The rotation of the impeller pulls material through 
the inlet and pushes it out the discharge opening, creating a vacuum. 
These pumps are much smaller than the submersible archimedian 
screw pumps used on this job. Generally, their capacity is 400 gpm, and 
they require only 11 gpm of hydraulic flow at 1,200 psi. With a weight of 
50 lb they were much easier to move by the divers. 

Decanting operations. Pumping submerged oil generated large 
quantities of water. This immediately presented storage problems 
since the available vac trucks filed up on the first day. Common sense 
and standard industry practice dictated that these trucks decant their 
loads in the field so that storage space for recovered oil on barges 251 
and 254 would not be wasted with water. The first decanting system 
consisted simply of two 55 gallon drums which were placed on a 
concrete pad at the waters edge. The tops were removed and several 
holes punches in the lower side. These were then packed with sorbent 
snare to filter the water before it drained out the bottom of the drums. 
The problem with this arrangement was limited throughput capacity 
and excess carry over of oil. 

In an effort to increase throughput as well as the quality of the 
decanted water being discharged back into the lagoon, a roll-off box 
was fitted with two baffles and a 4 inch discharge nipple on the third 
stage to act as a natural oil/water separator. Oil was removed from the 
surface of the water in the box with sorbent snares. This unit ade-
quately served pumping operations in Zones 2A, 2B, and 3B. When 
dredging commenced in Zone 2B the primary decanting system be-
came the large oil/water/sand separating pool because it had such large 
capacity, and was more efficient in treating water. Oil to water ratios 
during submerged oil recovery operations ranged from a high of 
25 percent during the first days in Zone 2B, to an average 4 percent to 
7 percent in all zones thereafter. 

Conclusions 

Submerged oil recovery operations resulting from the grounding of 
T/B Morris J. Berman were pursued aggressively with the prime objec-
tive of safely removing as much oil from the bottom as possible as 
quickly as possible. From the FOSC's perspective these operations 
were very successful. All the oil that could be removed from the 
bottom was removed, there were no serious injuries, and the citizens 
and government of Puerto Rico were satisfied with the response. There 
are many lessons learned from these efforts. LAPIO oil will under 
most ambient conditions remain liquid underwater. The oil sank due to 
the accumulation of sand in the oil when they were both initially 
suspended in the water column by wave energy. The way blades of 
seagrass attracted submerged oil was an interesting phenomenon, as 
was the regular refloating of submerged oil which recontaminated 
beaches and fed a chronic slick that would neither come completely 
ashore or dissipate. It is likely that chronic tar ball problems during 
spills are caused by submerged oil rising from the bottom or suspended 
at some neutrally buoyant level beneath the surface of the water. In 

Zones 1, 2A, and 2B noticeable accumulations of submerged oil were 
found beneath the positions of fixed skimmers and their extended 
collection booms. 

Organizationally, the side by side working relationship between the 
MBI beachmaster, other contract management, and the U.S. Coast 
Guard submerged oil project officer at the MBI command post en-
hanced the decision making process. In retrospect, Coast Guard com-
munication problems between submerged oil and shoreline cleanup 
personnel could have been reduced by combining the Coast Guard 
forward command post and the MBI command post. The ability to 
"see" the submerged oil by the regular use of helicopters, underwater 
video, survey divers, and photo processing was expensive but key to 
the evaluation and implementation of proper recovery techniques. 

The use of divers is crucial in areas where pockets of oil can be seen 
visually and where the oil is recoverable by pumping equipment. 
Divers are necessary in areas inaccessible to or inappropriate for 
dredging because of environmental concerns. Scuba diving equipment 
is not appropriate where the risk of oil ingestion is high or where voice 
communications are needed to properly coordinate the operation of 
mechanical equipment. Properly certified and OSHA trained scuba 
divers are excellent for survey work because of their mobility and local 
knowledge. Properly trained commercial divers wearing encapsulated 
systems are necessary for areas where oil accumulations are heavy. 
Such accumulations remained pumpable for up to five weeks after the 
spill. Only when the oil had incorporated increasing amounts of sand 
over time did it become necessary to bag it. 

Divers also were necessary to document the effect oil was having on 
seagrass. Blades of seagrass covered with oil eventually died and 
recontaminated emerging new growth. Based on this, it was decided 
that the best recovery technique would be to gently remove the oil with 
sorbent snare. This worked well but was time consuming. Sorbent 
snare deployed during the initial emergency phase of the initial surface 
response sank and was recovered in large quantities in Zone 3. This 
recovery also was a difficult and time consuming job. Individual snares 
laden with oil were very heavy and could just barely be lifted by one 
person. It is advisable not to deploy snare or other sorbents unless they 
can be removed on the surface. Dredging is a quick way to recover large 
quantities of submerged oil; however, it generates large quantities of 
water and sediment which must be treated or disposed of. The location 
of the large pool facility next to Zones 2A and 2B was the key factor in 
the successful remediation of these two areas. Dredging is not appro-
priate in economically sensitive areas such as those covered with 
seagrass, nor in areas subject to heavy surf or seas, due to vessel control 
or seaworthiness limitations. Likewise, areas consisting primarily of 
rock or coral formations limit access and the practicality of dredging. 

The type of pumping equipment selected depends on the viscosity of 
the oil and degree of sediment loading. Fresh, relatively liquid sub-
merged oil can be removed with either positive displacement submers-
ible archimedian screw pumps, or piston pumps. The main disadvan-
tage of the submersible pumps was their weight which complicated 
underwater handling by the divers. To ease the handling burden alumi-
num cased pumps can be utilized. However, there are indications that 
sand will cause more wear on these than on stainless steel pumps. Once 
large patches of oil had mixed into the sediment, submersible centrifu-
gal impeller pumps proved to be the most efficient pumping system. 
These are very lightweight and use more mobile power packs. 

Some type of container is necessary when decanting because sub-
merged oil by its very nature sinks to the bottom of a vac truck's storage 
tank which eliminates the use of bottom valves for decanting. Also 
complicating the decanting process was that a portion of the oil also 
may float in the tank, requiring that water be pumped from the 
intermediate level. This causes oil carry over into the decant system. A 
converted roll-off box proved to be a useful decanting system which 
had enough capacity to handle the carry over. The use of a stinger fitted 
at the recovery end of a hose with a quarter-turn ball valve provided the 
diver with positive control of the pumping system and a means to limit 
the recovery of excessive water. Water is necessary, however, to lubri-
cate heavier sand-laden oil as it flows through the hose. 

Recovery efforts are never 100 percent efficient. An informal snor-
keling survey of Zone 2A conducted in July 1994 identified traces of oil 
in the bottom sediment. However, the water and shoreline were clean 
and being heavily used by bathers. Plant and animal sea life, including 
octopus, was abundant. Although it is likely that traces of oil remain in 
other zones, the overall recovery of the hardest hit areas has been 
remarkable. 

D
ow

nloaded from
 http://m

eridian.allenpress.com
/iosc/article-pdf/1995/1/551/1747045/2169-3358-1995-1-551.pdf by guest on 23 M

ay 2023



D
ow

nloaded from
 http://m

eridian.allenpress.com
/iosc/article-pdf/1995/1/551/1747045/2169-3358-1995-1-551.pdf by guest on 23 M

ay 2023


