600281216

MER ABCARD USNS POWHATAN

TESTS OF THE SHELL SOCK SKIM

by
H.W. Lichie, AL Borst, ane GuF. Smith
Mason & Hangzr-Silas Mzson Co., Inc.
vew Jersey 07737

Coniract No. 68-03-2642

Project Officer

Richard A. Griffiths
Oil and Hazardous Materials Spills Branch
Municipal Environmental Research Laboratory
Edison, New Jersey 08837

This study was conducted in cooperation with the
U.S. Navy
U.S. Coast Guard
U.S. Geological Survey

MUNICIPAL ENVIRONMENTAL RESEARCH LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT
U.S. ENVIRONMENTAL PROTECTION AGENCY
CINCINNATI, OHIO 45268



e PR




FOREWORD

-0

ncy was created because of increasing
oi pollution to the health and

The U.S. Environmental Protection Ag
public and governmment concern about the dahger
:ir, Toul water, and spoiled lanc are 1
ural environment. The complexity of t ra
iTs components require & concentrated and integrate

l.n

environmeant and th
atiack on the probl

Research and development
invelves defining the probiem, me i
Municipal Envi ro..T.emal Researc ceverops new and improved technology
and systems to prevent, treat, and manage wasiewater and solid dnd hazardous waste
pollutant discharges irom municipal and community sources, to preserve and treat
public drinking water supplies, and to minimize the adverse economic, social, health,
and aesthetic effects of pollution. This publication is one of the products of that
research and provides a most vital communications link between the researcher and
the user community.

This report describes the performance testing of the Shell SOCK skimmer
aboard the USNS Powhatan. The tests were the first tests performed offshore by the
OHMSETT operating contractor. Further information may be obtained through the Oil
and Hazardous Materials Spills Branch in Edison, New Jersey.

Francis T. Mayo
Director
Municipal Environmental Research Laboratory
Cincinnati



ABSTRACT
<

Frooil skimimer wa New Jersey
Coast in early 198C. The or of Ocean
Enzinesring, Sopervisor o Simuiated
Thnviron 1al Test Te .k Germbers ol
the commitiee inci gency (USEPA),
the United States (Iu , Surveyv (USGS),
the Unitad Sla es Navy (i J:.\" : d=sizred to
evaluzie the Spilied Ot evelopmient
Company. The skimmer : oil incdusiry
work boat in a vessel of cpportuni s Naval Ship

(USNS) Powhatan T-ATF fleet tug w that had an

oil spill recovery operations mode.

The test program is described, including the oil/water distribution and
collection system, deployment and retrieval of the SOCK, the onboard fluid
measurernent, data analysis, logistics, weather and environment measurements, and
the Powhatan/SOCK interface. The light crude oil and ocean water collected were
stored aboard the vessel and decanted; the emulsified oil was later sold as waste oil.
Eight experimental crude oil dumps are described and analyzed. The sea conditions
varied from calm to 1.8-m significant wave heights. During the 6 days at sea, 50 m3
of oil were dumped, and the skimmer coliected 32 m of oil.

The program is analyzed for future improvements to open ocean testing plans
incorporating oil skimmers with and without vessels of opportunity. This program was
fortunate to have available a skimmer that had extensive testing as a model,
seaworthiness testing on commercial work boats, and oil collecting experience in a
spill of opportunity.

A 16-mm color/sound film on this subject is also available; it is entitled, "Open
Ocean Log."

This report was submitted in fulfillment of Contract No. 68-03-2642 by Mason
& Hanger-Silas Mason Co., Inc. under the sponsorship of the U.S. Environmental
Protection Agency. This report covers the period December 1978 to May 1980, and
work was completed as of June 1981.
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The U.S. Navy has an exiensive inventory of booms and skimming equipment
that have demonstrated high performance and efficient deployment. Their interests
lie in Jooking to the future and to new spill equipment capability. They were
convinced by Shell Development Company that the Spilled Oil Containment Kit
(SOCK) (Reference 2) may be a candidate for a cost-effective, vessel-of-opportunity
svstem that could be deployed from standard offshore supply beats.

SUPSALYV is a member of the OHMSETT Interagency Technical Committee and
as such requested the committee in December 1978 to listen to a proposal to
formulate a research plan to test a skimming system offshore using crude oil. The
committee membership included representatives from U.S. Navy Supervisor of
Salvage, (USN-SUPSALV), the U.S. Environmental Protection Agency, (USEPA), the
U.S. Coast Guard, (USCG), and the U.S. Geological Survey (USGS). The chairman is
the EPA representative from the Oil and Hazardous Materials Spills Branch, Municipal
Environmental Research Laboratory. The committee assigned the responsibility to
OHMSETT to research, design, deploy, test, retrieve, and report on the program. In
January 1979, Mason & Hanger-Silas Mason Co., Inc., operators of the OHMSETT
facility, drew up a budget for the Program.

Research began on existing permits and review of past experience. The only
significant recorded recent attempts were the soybean oil experiments with a U.S.
Ceast Guard containment barrier and the small crude oil dumps for dispersant studies.
The OHMSETT plan initially considered testing the SOCK to be tested on a leased oil
industry supply boat off the New Jersey Coast in October 1979. A published survey
(Reference 3) indicated that there were 2750 vessels for hire or charter around the
world. We estimated that at least half of them could be considered for deploying the
SOCK. A closer evaluation indicated that only four would be within reason for the
pregram because of their cost, schedule committments, load capability, and
integration to our program. The next major decision was sezlection of a crude oil. A
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In January 1980, the USNS Powhatan was selected as the dedicated vessel for
the experiments and the Permit was issu=d by USEPA (Reference 7). Hardware
designs were integrated to the T-ATF 166 class, and fabrication of the test equipment
began. A portable on-ceck tankage was also considered preferable for crude oil and
fluids storage. The at-sea schedule was fixed for mid-April 1980. The USCG offered
their cutter Reliance as an observation platform at sea. Communications were firmly
established with the Captain of the Port in New York City and with the Region Il
USEPA administrator.
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CONCLUSICNS AND RECOMMENDATIONS

were one mpter with fwe second peariods. The wind speed averaged & knots, and the
Powhatan was moving into the wind and seas. The measured throughput and recovery
efficiencies of the SOCK were 89 and 93 percent, respectively. The Lelatlve wind-
driven surface speed was 1.5 knots. The crude oil recovery rate was 35 m /hour. This
figure corresponds to 154 gpm, 220 barrels per hour, and 31.6 long ton53par hour. The
slick encountered was 2 mm thick, and the SOCK had a preload of 3.8 m

At the same speed, but with rougher seas and thicker slicks, the performance
dropped significantly. The afternoon test was in l.4-m waves every 3.7 seconds and
20-knot winds. The slick was 3.3 mm. ’”Hroughput and recovery efficiencies dropped
to 39 and 47 pcrcpnt respectively, and the crude oil recovery rate dropped 66 percent
down to 12 m3/hour. Other tests concluded that speeds of 0.75 knot and at 2 knots,
the performance was also degraded significantly. The eight offshore combined tests of
the Powhatan/SOCK dumped 50 m3 of crude oil and the systern recovered 32 m3,

The second understanding produced from this program is that such terms as
"vessel-of-opportunity" and "vessel-of-convenience" are misleading., If the spiller
wants to accept that terminology, he faces significant logistics problems, long waits,
and high costs. It is analogous to the misconception of many lay people that there is
an abundance of empty barges and idle tugboats in every harbor in the United States
that could be used for spilled oil collection storage.

A great majority of oil industry work boats cannot independently go slowly
enough in the water while continually pulling low-drag force skimmers. A tugboat
must be astern to provide additional load, or the workboat operator must abuse the
engine system. This program was fortunate in having available a vessel with variable-
pitch propellers. The Powhatan could only use one engine and its bow thruster to
maintain the slow speeds with & stezdy heading.

This research program can produce a large quantity of recornmendations based
on this singular experience that was extensively documented. The most important
recommendation, however, is that open ocean testing in the future should continue to
be limited to those davices that have progressed through the complete engineering

3
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Before the SOCK tests, two spill-of-opportunity tests were made in the Gulf of
Mexico. There were 10 days at sea, only two tests (in calm water), and fewer data (by
severa! orders of mezgnitude). We recommend that 3011‘—01-"@,) ortunity testing be

given its cwn jur ?v?‘(:tion, research priority, and financial P"p-a is.  Appar ently,
wezther anc sez-state should be the only constrzints, Instrumentation must be well
designed and tested. D'—*ploxment r;eeds oe planned thoroughly, anc? the egquipment
must be sturgy and discaiched on a tirely basis.



SECTION 3

RESEARCH PLAN

This program is based on experience and research from U.LS. Govermment
Agencies and incorporzies the latest izchnoiogy in spills of oil on the near-ccastal
watlers.

Introduction

This test program was designed to evaluate the performance of the Shell SOCK
oil skimmer in an ocean environment. The plan proposed a test of the Shell SOCK by
coliecting crude oils in the open sea typical of those which are transported on US
waters. The character of the crude oil seiected for dumping is well documented in
field data from prior spill tests in the same geographic area (off the New Jersey
C“ast) The program was estimated for twelve oil dumps, each with a maximum of
13.2 m3 (3,500 gal). A maximum of 18.9 m3 (5,000 gal) of oil will be left at sea. The
test plan was carefully designed to minimize resultant impact on the environment.

Program Justification

Skimmer design technology has diverted into several different approaches and
many of these in concert with "dedicated" vessels--i.e., those designed or modified
specifically for spill cleanup purposes. Availability of these dedicated vessels has
often been a severe logistics problem, they are frequently costly, and storage of
collected fluids is burdensome. Concepts to date may be categorized into oleophilic
belts, vortex separation, rotating oleophilic discs, weirs, dynamic inclined plane,
oleophilic drum discs, streaming fibers with weirs, mops, paddle wheels, and various
combinations thereof (Reference 8). The forces at sea have been destructive and
degraded performance of most of these concepts.

It is believed that the Shell SOCK system proposed for testing represents,
overall, one of the most prornising designs. If at-sea results with oil verify predicted
performance, it may also prove to be unusually cost-effective.

Test Objectives

The overall objective of the program is to embark on a field test coperation
utilizing the quantitative and qualitative data available from indusiry and Federal
Research and Developrment agencies to document and demonstrate the capability of a
spilled oil skimmer collecting crude oil from the open sea.
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The program will produce a substantial benefit to a number of federal agencies
including the USEPA, the USCG, and the USN and it will provide new and definitive
technicial cata to assist private indusiry in meeting spill contro! and cieanup
responsibilities. The skimmer system is one which is expected to be exceptionally
cost-effective and the test program is needed to produce an actual discharge of oil at
sea under controlled, well defined conditions. The SOCK system has been developed
over a number of years, beginning with a theoretical concept followed by model
testing in wave/tow tanks and full-size testing in tanks with oil. Subsequently,
seaworthiness tests were conducted in the ocean without oil. Because available test
tanks are too §mall to Co*np}etely evaluate the capabilities of the system in full-scale,
actual environmnent mode anc because no other alternate means for conducting the
research are available, this program is necessary to prove the device--in sea conditions
with oil.

The program will allow transference of laboratory-proven experience into a
field situation to evaluate oil skimming parformance, In addition, field operations will
allow detailed records to be made of operational features such as the ease of
deployment, on-station operational procedures and retrieval of the skimmer system.
The basic elements of study will includes

(1) selection and dockside outfitting of a single vessel of opportunity typical
of those normally available in petroleum producing areas.

(2) deployment of the skimmer from its transport position to its oil-
collection position.

(3) measurement of the weather/sea conditions on station and the sea-
worthiness of the skimmer/boat in that environment.

(4) creating an actual crude oil spill for the skimmer/vessel system to
collect. This will be accomplished by first releasing a small preload
quantity of oil directly in front of the skimmer's entrance followed by a
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(5) measuring the skimmer's actual perforfrance in collecting oil, including
throughput efficiency, recovery efficiency, and recovery rate in increas-
ingly difficult combinations of wave and speed conditions.

(6) maneging of coliected fluids {(oil and water) on the vessel,

(7) retrieval of the skimmer to the vessel of opportunity and subsequent
return to port.

(8) eguipment cleaning and environmentally safe disposition of the collected
£ M
fluids.

(3 production of a written report of the program and resulting dzta,

feyelige - —~ e I
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The plan is designed to ensure minimum opportunity for an accidental spill. It
incorporates the best known resources of engineering and equipment for the remote
operations.

Background and Previous Research

The OHMSETT Interagency Technical Committee (OITC) membership currently
represents the USN, USCG, USGS, and the USEPA. The OITC has jointly sponsored
skimmer testing/development at OHMSETT for the last four years to discover cost-
effective solutions to oil spill cleanup technology. To date, the OITC has jointly
conducted 16 weeks of intensive performance tasks with oil on eight different types of
skimmers. This test program is intended to "bridge" the effort between designer and
user and to integrate performance efficiency with the logistics of deployment,
operation, and reirieval.

Under OITC sponsorship and control, 730 m3 (192,940 gal) of test oil has been
spilled in tests at OHMSETT using three refined naphthenic grades of different
viscosities to simulate the major span of crude oil properties. OHMSETT, in the past
five years has dumped 6,000 m3 of test oil. Table 1 illustrates typical properties of
the test oils, all of which have less than 0.24% sulfur content.



Light Nedium Heavy
Specific Gravity 0.89 .92 0.9&
Viscosity, (cSt @ 75°F) 9.0 20C.0 1306.0
Surface Tension (dynes/cm) 32.9 33.5 344
Interfacial Tension, Szliwaier {dynes/cm) 27.0 26.4 26.3
26.4 20.3 18.4
7.46 7.76 7.86
-50 -20 )
131.0 156.0 168.0
7250 356.,0  390.0_
gre ) intentional offshore spills emmploved 10 1est
oil CU‘JCC jon ‘u"*'u:uw utiixzec s the Gull of “exice off

oybean oil (27.000 gal In
Tarnps, Floride and 50,000 ga! in the Parcific Ocean off Point Conception, Californial.
While possibly srnulatmv the hydrodynamic properties of a singie crude, this test oil
could not model other, more important, chemical properties PCCdel’ to other crudes
cormnmonly shipped in U.S. waters. The specific gravity of the soybean test oil is so
high that only seven of the 93 popular exported crudes throughout the world have equal
or higher values. Tank testing technology improved following the soybean oil tests,
initially by using paraffin-based refined oils and finally progressing to the naphthenic
oils. Nevertheless, these latest improvements cannot simulate the chemical properties
of raw crude stocks.

Crude oils should be avoided in test tank facilities for many reasons. Safety of
personnel and property is paramount in that flammability and storage containment
requires expensive precautions and presents a danger to the land-based environment.
Refined test oil entrainment in large saltwater tanks has a straightforward engineering
filter design solution and refined oil does not weather or form a mousse like the
typical raw crude stock. Emulsions of crude oil and saltwater are difficult to break
and thus economy is also a benefit in using the refined stocks. Reclamation and reuse
of these oils is technically straightforward. Egquipment cleaning and service life is
much better with the known test oils. The laboratory environment can predict
hydrodynamic response but not the chemical response that so often is reported on real
spills where synergism displays additive effects different from singularly tested
phenomenon.

There are perhaps several hundred test tanks in the world that can generate
wave motion for studying vessel response on a sub-scale or model basis; however, only
a few can deploy oil for skimmer studies. None can generate the combination of
random waves, tidal currents, and wind forces to be experienced by a full-size vessel
collecting spilled crude oil on the open water. To date, the OITC program has
conducted 483 tests in waves with oil in EPA's OHMSETT test facility at speeds from
one-half to 6 kt, The waves vary from one-half to 4 ft high, and include harbor chops,
confused seas, and wave periods between 1.5 and 4.0 seconds. The
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The La Rosa and Murban crude oils to be used for this oifshore test program
wers sziected besad on (1) rank in the 92 such varieties currently in the export stream
) ; research spills in the same geographic location. The
3 j of these Two cCrudes are indicated in Table 2. An
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! regram opportuanity for
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or *"‘nou”g the same Type of spilled crude oil irom the ocean. Crudge

oﬂG is one of th rituents listed in 0 CFR 227.6(a) 4, "Constituents prohibited as
other than tra v i ibitions and limitations of this
saztion do no 12 substznces zre rapidly
ranaer 28 In 1he sea.
___TABLE 2. J L DATA A'\JD COMPOSIT]O!\ Or ,_APr{THA FRACTIQN
Crude Oil La Rosa Murban
API Gravity @ 15.6°C 23.90 39.00
Sulfur (wt. %) 1.73 0.82
204°C minus fraction 11 vol. % 19 vol. %
Percent by Weight
Benzene 0.6 0.7
Toluene 2.0 2.6
Cg Aromatic 3.4 4.6
Cg9 Aromatic 2.7 3.9
C1o Aromatic 1.3 1.8
C1] Aromatic 0.5 0.7
C]2 Aromatic 0.2 0.2
C}3 Aromatic 0.1 0.0
Naphthalenes 0.0 0.0
Indans 0.5 0.4
Total Aromatics 11.3 14.9
Paraffins 46.7 65.8
Cycloparaffins 38.3 17.5
Dicycloparaffins 3.7 1.8
Total 100.0 100.0

It is estimated that nearly 70% of the exported crudes will fall between the
range of the API gravity of the La Rosa and Murban crudes. Only 31% of the crudes
have a pour point greater than freezing temperatures. Weathering tests of La Rosa at



S

OFMSETT for 144 hours in saitwater and waves showed a slight increase in specific
gravity, an order of magmtude increzse in viscosity, a slight decrease in u”' ce
tension and & 50% drop of interfacial tension.

Skimmer

The Spiliesd Oil Containment Kit (SOCK), dssigned by Shell Deveiopment
Company, has bezn seiecied for this program. Sheli Oil C ompany reports development
bezan on the device six years zgo as & solution to the high cost of fast current
sximmers on oediceted wvassels and to zdcdress accepizble performance in realistic
0TEEN W& " ons fzhthosTzie ! vozs tank-1ested to study work boat
hyvarodvn ‘ built and tested for oﬂ/wﬁer
inieracti 23 C

SpOnSorin pumping
system h test oils. The
full-scale otaty < bo 0ats in the

Shell Oil aiso reports SOCK's unique design responds to realistic ocean wave
conditions by dampening the oily surface with a flexible curtain as opposed to using a
rigid shaliow-draft dedicated vessel hull. Compared with 16 existing skimmers in the
world market, the cost and scope of deployment indicates promise as the most
lavorable offshore crude oil test candidate, based on skimmer cost to recover 60% of a
7,570-m3 (2-million gal) spill. The quick response time resulting from the ability to be
used with a vessel of opportunity (as opposed to a dedicated vessel) makes the SOCK
even more attractive.

Test Site

The test site (identified in Figure 1) was selected to coincide with prior tests of
the same crudes and to benefit from other experimenters' data. This test program will
be scheduled so as not to conflict with other tests which may be planned in the area.
In selecting specific sites for conducting the proposed controlled spills, the principal
consideration was to minimize the chance that the oil could drift to shore or into any
environmentally sensitive area. Additional criteria applied in the selection process
included: (1) avoidance of areas of high activity such as shipping, commercial and/or
sport fishing, etc.; (2) water depth sufficient to assure that no spawning areas are
contaminated; and (3) a shore-to-shore test area distance compatible with transit and
on-station times of work boat and support vessels. Alternate test sites are considered
unacceptable due to their inability to conform to the above criteria.

The general area proposed for conducting the test is within the New York Bight,
and lies on a line extending generally southeast of Sandy Hook at a distance of 25 to 50
nautical miles.

The surface drift currents in this area are small (1/10 to 1/4 kt) and set
generally to the south. During the proposed test period (April, 1980) weather
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be possible to avoic the < minercial shipoing traffic,

Test Procedures on Station

There is a specific order of procedures to follow that interact to provide
an effective test program.

Preliminary Actions

The actual skimmer performance test will begin after the wind and sea
conditions are confirmed and the water sampled for baseline conditions. Site location,
communications, safety, and ancillary equipment will all be checked to insure that
they are in proper order.

Skimmer Deployment

The powered contingency Zodiac boat, MonArk launch, or MARCO Skimmer will
be deployed in the water to its starboard position alongside and amidship of the work
boat. The SOCK boom-skimmer will then be lowered from its shipboard position to the
water and moored in position to accept dumped oil from the work boat.

Seaworthiness

A practice deployment will be made to insure launching and retrieval compati-
bility of the SOCK, Powhatan, and fluid management systems. The work boat will be
steered into the wind and current at slow speed, increasing in %-kt increments to 2.5
kt. Rigging and boom-skimmer response integrity will be observed in both head and
overtaking seas.

Prejoad Capability

The La Rosa crude oil will be durnped during the first test series. Murban crude
will be used for the last. A metered quantity 1.89 m3 (500 gal) of crude oil will be

12
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. deploy 1.85 m> (500 gal) oreload test,

. maintain course and speed for several minutes,

. check preload for excess loss of oil,

. deploy oil slick at 68 m3/hr (300 gpm) for 10 minutes,
. collect data,

. increase speed by ¥ kt,

. deploy 1.89 m3 (500 gal) preload,

. check preload for excess loss of oil,

. increase speed by % kt,

. check seaworthiness and for loss of excess oil,

. deploy oil slick at 68 m3/hr (300 gpm) for 10 minutes, and
. repeat appropriate steps -

The tests were originally planned for runs at 1, 2, 3, and 4 kt with seaworthiness
and preload checks at 1, 1.5, 2, 2.5, 3, 3.5, and 4 kt. Shell's more recent observations
suggest these speeds are too fast and should be reduced to quarter kt increments up to
2.5 kt maximum.

Performance Efficiency

The skimmer preload is required to keep the multiple oil suction ports
collecting pure oil instead of unnecessary sea water that would render onboard

13
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coliected fluids storage inefficient. Performance efficiency testing will begin with a
1.89 m3 (500 gal) prejoad at a | kt speed, then deploving an oil slick from the work
boat at 68 m~/hr (320 gpm) for 10 minutes. The test matrix for the twelve tests will
be as indicated in Table 3.

TABLE 3. TEST MATRIX

CIL ~___LAROSA MURBAN

Speed Overtaking Fead Saas Overtaking Head seas
(xt) Seas . Seas o
0.75 X X — —

1.00 X X X X

1.50 X X X X

2.25 X — — —

e

Two tests will be periormed with Lz Rosa in head seas at [.5 ki--one with the
standard 68 m3/hr (300 gpm) oil siick and the other with 37 m3/hr (165 gpm). With a
fixed oil distribution rate (300) and fixed oil/water removal rate of 75 m3/hr (330
gpm), the oil slick thickness will vary irom 1.25 mm to 5.0 mm depanding on work boat
speed. Metering of crude oil distributed, balanced with metered fluids (oil/water)
recovered on the work bcat will be used to calculate the performance efficiencies and
rates. Throughput efficiency is the ratio of oil recovered to that presented to the
skimmer. Recovery efficiency is the ratio of oil recovered to the fluids recovered
(oil/water). Recovery rate is the oil recovery rate measured in gal per minute.

Fluids Management

Crude oils will be stored separately on the deck of the work boat in closed
seaworthy containers. Distribution of the oils will be channelled through flow meters
and cross checked with volume measurments. Collected fluids will be metered,
aliquots taken to determine proportion of oil/water staged through the SOCK, and then
transferred to the deck storage tanks. Small volumes of crude oil lost under the SOCK
during specific tests will briefly surface and then be caught, mixed, and dispersed due
to the work boat propeller wash. Fluid recovery samples from the skimmer will be
analyzed after each test and calculations completed before the next. Gross volume
figures indicate that the 159 m3 (42,000 gal) of crude oil will result in recovery fluids
volume of 200 m3 (53,000 gal) oil and water at 80% recovery efficiency (RE), 318 m?3
(84,000 gal) at 50% RE, and 530 m3 (140,000 gal) for 30% RE.

Skimmer Retrieval
The transfer pumps and piping system will be purged, capped and the fluids
collected. The boom skimmer will be retrieved by its integrated rail/crane system,

cleaned with fire hoses, and stored. The support bcats will then be retrieved and
stored.

14



Flotille Manasuvers

Historical sea/weather conditions are utilized to produce the scenario in the
proposed general test area. The surface rectangular envelope (see Figure 3), will be
iive miles wide and 20 miles long with major axis ESE, between the outer boundarijes
of the Barnegat and Hudson Canyon navigational lanes. This is based on worst
conditions with wave crests parallel to NNE/SSW. Overtaking sea tests will begin in
the western most section of the envelope. One hour will be spent on station rigging,
4 confirming sea/weatiher conditions. Then 15 minutes of upwind
s (0-2.5 K") will be parf om’.ed, followed bv four one hour downwind
; ' speeds of G.75, 1.0, 1.5 and 2.25 kt. The six hours
iles straight line travel

¥ '.:t_io.“.al hour beiore

.
e oA
r3 should

The combinations of at-station maneuvering, safety precautions, and onboard
oil sampling will require three test days at sea with approximately four test spills per
day each requiring an hour's time. Each 10 hour day will consist of traveling to
station, deploying the SOCK, running tests, retrieving the SOCK, and returning to
port. No iests will be commenced after 2:00 PM local time (1900 Greenwich Mean
Time) in order to ensure adequate daylight to cope with any complications that may
develop. Additional oil clean-up capability will be on site during all test operations.

Safety

Safety practices will be observed at all times and conform to all federal
regulations applicable both offshore and dockside. The captain of the work boat will
be in charge and thoroughly cognizant of the test program for close coordination with
the test engineer, vessels in the flotilla, and the observer vessel. All participants and
authorized observers will be required to follow safety regulations.

Communications

In addition to normal marine communications equipment, the flotilla will have
mobile radio capability. The command station for the entire operation will be the
bridge of the work boat. This central Jocation allows for quick response to any and all
problems which may arise. Fixed and portable radio communication will be established
so as to avoid interference with other radio frequencies.

SAFEGUARDS AND CONTROLS

The planning for the test has been a cautious approach to experimental
procedure so as to minimize environmental impact. The detailed cautious planning is
evident in the site characteristics, monitoring and control, and contingency measures
of the experiment.
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Site Characteristics

. The proposed test site is more than 20 miles from nearast shore.
. The oil slick will travel seaward.

. Water depths are 40 10 80 m.

. Oursige navigational lanes.

\onitoring and Control

Weather conditions and forecasts will be consulted before beginning every test.
Upon determination of satisfactory weather, the conmand station will ensure there is
no conflict with other marine activities within a specified radius. A small amount of
oil will be preloaded into the SOCK to ensure no excess loss of oil belfore the
experiment begins. If there is indication of large loss of oil, the experirment will not
begin. Complete communication with all vessels will ensure full control over the test
procedure. A pump will be used to spread the oil and it can be stopped at any moment
should a problem situation warrant such action. When in the course of an experiment,
excess loss of oil is noticed either by the bridge spotter or by the spotter at the rear of
the work boat, the experiment will be discontinued.

Contingency Measures

An additional contingency force will be available for an as-needed basis. This
includes one observer vessel, a MonArk launch, two small maneuverable work boats
(Zodiac), and an additional skimmmer vessel (MARCO V). The distance from shore is
approximately 20-30 miles and emergency help can be summoned immediately.

At all times during the proposed test, a combination of monitoring activites will
be aimed at controlling test operations to assure potentially adverse conditions are
avoided. Before any test is allowed to start, command station will conduct a
reconnaissance of surrounding waters to ensure no conflict with other marine
activities. Continual monitoring of the National Weather Service forecasts, marine
weather broadcasts, and Coast Guard channels will ensure complete up-to-cate
information on winds, meteorlogical, and sea conditions. In the event that a slick
presents potential adverse affects, the test vessels and contmgency force will proceed
to the slick and employ appropriate measures until the slick is picked up, dxspersed
diluted and/or poses no threat.
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SECTION &

PORTABLE TEST FACILITY

USNS POWHATAN

This T-ATF 166 Ciass ship is a new cjass combining the capabilities of the U.S.
p P
Navy's tugs, ATF's, and commercial offshore tug/supply boat (Figures 2 and 3). It is
’ ’ =] i
manned by a civilian crew of the Military Sealift Command (MSC) and a Navy
communications team. The normal coirplement is 1€ men from MSC and 4 Navy
communication men. There are gooc accommocations for 20 additional men as
transients to support portable equipment missions.

The ship utilizes twin diesel drive supplied through separate shafts to control-
lable pitch propzllers in nozzles. Commercially proven equipment is installed
throughout the vessel. The vessel is 226 ft Jong, 204 ft at the waterline, beam width
42 ft, draft of 15 ft and full load displacement of 2260 tons. The free route speed at
design waterline and 80% ship horsepower is 15 kt, cruising speed is 13 kt, and
optimum towing speed is 6 kt. The vessel forward speed was controllable in 0.1 knot
increments at low speeds. The endurance cruising range is 10000 miles. Ship power
includes two 3600 brake-horsepower (BHP) diesels, a 300 horsepower (HP) bow
thruster, and three 400 kW diesel generators.

Permanent equipment on board includes a 10-ton crane telescoping to 64 ft, a
towing winch capable of holding 500,000 Ib, a traction line machine capable of a static
line pull of 400,000 lb, a permanent capstan capable of 30,000 Ib at 20 ft/min, a 9,000-
Ib MOORFAST type anchor, two combination vertical capstan and anchor windlass
units, each capable of 27,000 Ib pull at 20 ft/min, a 24 ft aluminum workboat powered
by 4#-53-N Detroit Diesel, a towing bow, a stern roller, norman pins, bulwark rollers, a
tow wire guide, and two small portable capstans capable of 5,000 Ib pull at 20 ft/min.
One unusual feature is @ main deck bolt-down grid pattern. It consisted of threaded
recessed sockets every 2 ft (1-in, eight UNC threads) in the clear deck area rectangle
of 38 ft by 88 ft. The allowable deck load was considered 300 tons for transient
eguipment. *

ORGANIZATION

The integration of the skimmer test program and portable test facility to the
USNS Powhatan was based on minimizing the physical interface.

The master operated the ship in accordance with MSC standard operating
procedures. The senior member of the transient crew was in command of the transient
crew and the oil dumping operations and equipinent as an agent of the U.S. Navy. The
transient crew was grouped into ten for test operations, two for environmental
support, three for skimmer operation (launch and retrieval required three extra from
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the test operations group), three OITC observers, and cne operator for the MARCO
contingency skimmer. Another group of transients was pariodically onboard as oifficial
observers. A land based crew of 11 supported ship lozc ]

station.

TEST EQUIPMENT

Most of the portable test facility for deploying on the Powhatan was designed
and tested at OHMSETT basad on six yvears experience of testing in the tank and the
most recent experience of iesting in offsite spills-of-opportunity. Thirty-one short
tons of equipment was transferred 1e the ship. The basic elements of the shipboard

facility were:

. large storzge containers for crude oil and collecied sea water (6)
. slick generztor (deployed at sea)

. fluids distribution mznifoids (3)

. gasoline engine hydraulic power pack (1)

. water jet slick control system (deployed at sea)

. gear pump for crude oil distribution (1)

. air-driven double-diaphragm fluid transfer pumps (2)

. crude oil, vane-type totalizer flow meter (1)

. tank sounding instruirients

. venturi meter for collected fluids (1)

. miscellaneous measuring tools and gauges

. acoustic flow meter for collected fluids (1)

. flexible hose, fluids transfer (350 ft)

. tool house, spare parts and tools

. video cameras and plavback equipment

. photo equipment, 16-mm motion picture and 35-mm stills

. chemistry laboratory, oil/water separation analysis

. environiment measuring laboratory, waves, current, weather
. automatic Loran-C tracking, position, depth

20



special radio communitation egquinment

. cleaning eguipment and sorbents
. detailed library of engineering calcuiations
. detaiied data-gathering manuals and sampling procedures
< r
PRI | : 1 -1 | o~~~ ’s M -~ ~
. detailed onboard calculation procedures with contingencies

. property manegernent profedures

. detalled safety pregram

. spill prevention conirol and countermeasures plan
. recreation pian

The portable test facility was capable of storing 114 m2 (30,000 gallons) of
fluids on each cruise. The distribution system could dump test crude oil at a rate of
127 m3/hr (558 gpm), higher than the skimmer capacity and could be accurately
throttled to lower rates simulating thinner slicks. All skimmer collected fluids
brought aboard could be monitored. All measurements and test data could be
evaluated on station to produce preliminary performance results.

Dockside support was vital to the portable test facility. This program utilized
the deepwater pier located on Naval Weapons Station Earle at Leonardo, NJ. A 70-ton
crane was used for lifting the SOCK equipment. Tractors were required to rmove large
equipment on flatbed trailers and 19 m3 (5,000 gallon) fluid tank trailers. Each late-
night docking required offloading of the crude oil and sea water collections of the day.
Test crude oil tanks had to be filled with fresh crude each evening.

FLUIDS MANAGEMENT

A flow diagram best describes the fluids management and includes integrating
manifolds, sampling piping, storage tanks, and pumps for three separate floating sea
platforms. Figure 4 illustrates symbolically the basic elements and connections of the
platforms. Designator legends are "M" for manifolds, "S" for individual sampling
station, conventional pump symbol, and lines representing piping and dashed lines
circumscribing floating platform limits. The piping system was designed to remain
intact once onboard, and not to be opened except for emergency repair. The 23 unique
sampling techniques are discussed in detail later in this report in regard to skimmer
performance. Some, had a primary function to monitor crude oil as designed in the
research plan and permit constraints. All crude oil measurements were to be at least
redundant. For example, crude oil Joaded onboard for each tank was guantified with
two dipstick measurements and a totalizer meter. Crude oil dumnped to the skimmer
was quantified in the same way. Crude oil collected by the skimmer was measured for
total and rate, then evaluated for water content and stored in tanks. Low skimmer
performance could cause high water content settling in a few instances. Decanting
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water at sea was to be mc»niw:'ed with grab samples and dipstick meaurements,
totalizer meter, and an oil/waier szparation chemical "“")sxs.

Details not shown in the previous flow diagram represent an extensive piping
design consisting of 36 valves, 15 skid-mounted platforms, three at-sea floating
platforms, and six active flow meter instruments.

STABILITY AND TRIM

weight program was used to control and monitor the q iment impact on the
ability and trim. The maximum deck cargo loac was iabulated to be 4l
15 18 iong tons of fluid for each of the six collection tanks. The Research
Frogram 1 reguire more than four full 1anks, in the worst case 113 static iong
ions ondoard. e Cco ..,mflscns of m=ziaceniric height anc draft data for the Powhatian
{Reference 11) were made by ‘nyc'romatif‘s Inc.) rporat ed \r\e;cxerme 12) \X’h"e we did
not expact to SKim 011 n 12 foot rep ¢
main deck to withstand pounding . T a‘:so deper ded on the shi p‘ crane
which has restricted operation for high decx Ioac_s and sea congitions. The caicuiations
o account for heavy seas were made with a 152.6 ton o ad in the dynamic mode.
Detailed results contained in the previous references indicated the ship would be a
stable platform to deploy the experiment. The reader is advised titat the ship's master
is the authority on the stability and trimn, and the research program estimates were
made to ensure a reasonable impact on the Powhatan.
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MEASUREMENTS AND ANALYSIS

Redundancy

Redundancy was designed into the measurements and analysis section of the
portable test facility. All members of the transient crew were assigned tasks for
making visual estimates and/or reading gauges. Specific detailed responsibilities were
delegated to only 14 members. There were 12 onboard data retrieval stations, three
moored buoy stations in the vicinity, and two land-based stations. The majority of
measurements were considered active instrumentation. The passive measurements
were oil and water samples collected for chemical evaluation and photographic film to
be developed.

Data Management

Data management was accomplished by assigning specific responsibilities to
transient crew members and by distributing a ‘printed set of data records forms with
instructions that included contingencies and sample calculations. Instantaneous audits
were made through radio contact with key stations and playback of portable audio tape
cassette recorders throughout the Powhatan and other vessels in the flotilla.

Photography

Photography and video records were designed for several purposes. A video
camera was mounted on the top fire-fighting platform for constant surveillance of the
main deck activity which included all deployment and retrieval, oil distribution to the
water, water jet performance, skimmer reaction to the waves and forward speed, and
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finally the SOCK lcsses forming a slick. A roving ciose-up second video camera was
used 10 record individual operations and skimmer parformance. Voice-over sound and
instant poriable playback options were utilized. Motion picture and still photography
were used for high resolution and measurement records. These cameras were always
roving and deploved near operations and skimmer loss stations. Specific phases of the
test prograim reguired the visual records to be made from other vessels in the flotilla
and one cameraman would be deploved from the Powhatan. Underwater photography
capability was considered but not fieided for these tests at sea.

The bzsic zlements were:

. cameramen (2)

color video cameras (2)

B/W video camera (1)
. color viceo portable record/plavback with sound (2)
. 1é-mm motion picture camizras (3)

35-mm SLR still cameras (4)

shoto/video cinemia lights (2)

lenses, mounts, and support =quiprnent

Visual recording of the at-sea tests produced 14 hours of video tape, 6,000 ft of
motion pictures, and 1,600 still photographs/slides.

Surface speed

Surface speed measurements were made with wood chips, two men, and a
stopwatch. The fir wood chips were half-inch slices of 2x4's for a stable low wind
profile and painted with fluorescent glowing yellow-orange for visibility. The thrower
was stationed amid-ship exactly 100 ft from the timer stationed near the stern. The
speed measurement was repeated several times for each skimmer test and considered
the wind-driven sea surface current. A typical series of measurements would repeat
within 0.05 knot. Forward speed of the Powhatan was set by the master as suggested
by the senior member. The bridge doppler meter readout was in a nixie light digital
display, XX.X kt. Once at speed, the one-tenth digit rarely would cycle in less than 30
second periods. A wood chip speed measurement was then made. If it is was within
0.1 knot of the planned test speed, the measurement would be repeated and the test
dump sequence began. If not, the Powhatan would increase or decrease speed and
wood chip was tossed again. The reading difference between the doppler meter and
wood chip did vary +/-0.2 kt depending on the sea state.

Fluids Quality

Oil water ratio was determined in the portable chemistry laboratory that was
set up in the Powhatan's machine shop. These passive samples were collected from
various sources during each test at sea. A series of 100 ml discrete samples were
taken from the SOCK pump discharge in prescribed equal increments during its oil
collection mode. Two grab samples were taken from each collection tank before and
after completing each test. Two collection tanks were used for each test, one for
steady state collection and one for beginning and ending transient fluids. A stratified
sample thief was used on each tank after each test to represent 3-in. incremental
layers through the full 86-in tank depth. The analysis combined techniques of known
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csware, breaking emuisions with toluene, and
ages of oil and water in known volume history
mezsured fluid flow rates to arrive at oil flow

olumes using graduated cylinder giz
‘anoratorv centrifuges. These percent
were used in later calculations using i
rates.
Flow rates

Flow rates were measu'ed with various tef‘h'\ioues to provide redundancy.
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techniques. First, dipsti adi befor nd after di sc‘wargo were oxvidbd by
: : , " .

2d ‘h'o”g}"
Her diviged by

The flow rate of the SOCK cotliected sezwater and skimmed crude oil was to be
measured five different ways. First, & strobosceps/iachometer reading of t' he Tuthill
rotary positive d‘sp;acer“en purnp was tarxen while counting revolutions timed with a

I

stopwatch. Next, the flow went through a Nusonics acou stic Tlow xneter where a
voltage reading was compared to a calibrated chart that yielded a fiow rate calcu-
lation. Then the flow went through a venturi concentric bell reducer, where the
differential pressure was measured with an ITT Burton indicating switch. The pressure
difference measurement was then used in calculations to arrive at a flow rate. Next,
the flow rate was calculated from before and after dipstick readings in the collection
tanks divided by stopwatch timing of each tank filling. The fifth and last possible flow
rate measurement was liquid level in the collection tanks determined with the
stratified sample thief and a stopwatch timing of each tank filling.

Environment

Environimental measurements included those from the Powhatan's station,
portable station onboard fielded by the Naval Underwater Systems Center, (reference
7) and a group of remote stations. The remote stations were a series of three buoys
deployed in the area, NOAA NYC radio, USCG stations at Ambrose, Sandy Hook,
Manasquan, Barnegat, and Montauk Point, and finally the USN satellite system
(NAVEASTOCEANCEN). Historical data came from the MESA New York Bight Atlas
(reference 10).

One week prior to the ocean dumping, forecasting was begun each day for the
specific area and contmued through the test penod The following at sea measure-
ments were taken

. Air and Water temperature,

. Wind direction and speed,

. Wave height, length estimate, and period,

. Near surface current and direction,

. Surface water samples in the area, and

. Sub-surface water samples downstream at 5-10 m depths.

Measurements were made of the Powhatan's response and position as a portable
test platform during each crude oil dump. These included speed, heading, position,
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maximum pitch and roll izken {rom the bridge instruments. A special portabie lab
fielded by the Naval Underwater Systems Ce,x*er provided an automatic Loran-C
record, video display, and mapping of the vessel's position within the approved dump
envelope (see Figure 5).

The burden of visually estimating the sea state was assigned to ten transient

rew r”\“mbars, most of which had sea duty expenence. They were each given a typed
format adata folder that porirayed typical and conventional characteristics to observe.

Slick Character

Trzined observers evaluzted the slick encounter by the skimmer and inter-
b n the slick generator, the ztan starboard side water jet sii
the skimmer itself. Eight irapsient crew members were

ider in which to *evard th—'*lr observations. Some of the

control, an

typed orma’r data foid:
observers had port le audic
ware backed up by video and fim records. Eacn o':serv:r w

. Water jet slick control..
general appearance and effectiveness.

. Oil slick...
general appearance and uniformity,
width and thickness,
gas bubbles and emulsion,
percent entering the skimmer pontoons, and
crisp start and stop of the slick.

. Floating platforms, relative movements...
slick generator to Powhatan,
slick generator to skimmer,
Powhatan to slick,
tow rigging to slick generator and skimmer, and
bow wave interactions.

. Skimmer...
general appearance and conformity,
motion caused by waves and towing,
oi]l encounter loss, cuantlty and location,
oil losses due to heddwave entrainment, and drainage.

The quantified thickness was made by taking width estimates from marks on the
skimmer entrance frame and calculating thickness based on the known flow rate and
vessel speed. Several slick thickness guages were considered for the program, but
none appeared either adaptable or proven in the field.
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Figure 5.

Auto Loran-C data station.
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SECTION 5

SPILLED OIL CONTAINMENT KIT

INSTALLATION AND CONSTRAINTS

The Spilied Oii Conm:
program by Shell Oil Comipan
Conservation p'vcr;txons staff in Hous:
with support from the Shel D:.‘—E,- cllow Research Center,
Houston, Texas. The SOCK was ex ) oper ‘;all—ermpd personnel, two
from Tidewater Contractors, Inc., ,v.mvua, LOJ's,aﬁa arxd one irom the Westhollow
Research Center.

ainment Kit (5 . ined to the OITC for this
Y ncy Response - Oil Environmental
ison was through the staff
sth

The launching and retrieval required support from three OHMSETT people. The
rigging and installation onboard was a mutually-agreed upon design that was dependent
on the Powhatan's deck equipment and constrained by a rule disallowing welding or
cutting on the vessel's structure or covering deck bits. The need also was to have it
deployed as far forward of the ship propellers as possible which forced the starboard
side instaliation (Figure 6). The possibility of a port side installation was not
considered because it would require a retrofit. Also, there would be port side
interference from the Powhatan's permanently installed vertical capstan.

One of the outstanding capabilities of the Powhatan is her variable pitch
propellers. The majority of industrial work boats in this class do not have that
versatility or the resulting low speed control capability. Use of a conventional boat
for this program would have required a tug boat to restrict speed or a continuous
clutching in and out of a propeller.

The SOCK hardware available for this program was significantly different from
that described in 1977 (reference 2). The 70,000 ft-1b crane installed forward had been
abandoned and was not part of the current operations. The oil separator compartment
could not be used because the hinged cover and baffle plates were missing. The
number of suction hoses and ports by design were reduced to three 3-in hoses. The
1977 Sock (boom-skimmer component) used a floatation scheme combining air, foam,
and inflated into %2 longitudinal cells and 32 transverse. The 1980 version tested
utilized six transverse and two longitudinal foam cells. The 1977 Sock had a fabric
bottomn extending from the forward rigid floating frame back (over halfway) to the
midpoint area. This bottom was conceived to be an advantage in directing fluid flow,
controlling vertical turbulence, and causing the SOCK to act as a skimmer rather than
a splash-over-proof boom. The 1980 version tested did not have a fabric bottom.

The SOCK system arrived at OHMSETT packed on three large tractor-trailers

(two flatbeds and one lowboy). One oversized load required day-time only trucking and
special permits. One trailer contained the main rigid float frame, one transported the
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Figure 6. SOCK mounting, starboard side.
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SOCK integrated container, and the lowboy was used to transport a 100l house with a
separate skid containing the Sock fabric system. The OHMSETT location at the foot
of the Navy pier on the NWS-Earle made it an ideal operations center and staging area
for all equipment in the Research program. A Shell (Westhollow) technician arrived
and utilizing four OHMSETT technicians readied the SOCK for ship installation. Some
refurbishment of the system was required 10 ready the SOCK aiter its prior storage
environment. Two 2C0-ton cranes, a forklift, and various hand tools were utilized in the
assembly and shipboard readiness operations. The assembly area was approximately
10,000 112, The work schedule incluced one 12 and one 6-hour day. The assembly was
straight forward with minimum skill requirements anc good supervision. Special color
strips were painted by OHMSETT on the rigid float sysiem for measuring draft and
freeboard oscillations at sea. An covernight rain storm did not delay the assembly but
did identify a Sock fabric quality problem. Several of the closed fabric cells that
contained the flexible foam floatation were not
the cells were bulging with rain water. Shell de
and in five wransverse cells, The delaminated cell
relief hcles were Jeit open for the at-sea 1ests.

d
f

The actual instaliation of the SOCK onto the Powhaian required three large
crane lifts and four small crane lifts. A 70-ton crane was required to accomplish the
reach from dock/pier to the vessel deck positions. Dunnage was not used for the
SOCK container, pontoons, and febric assembly. The loading required a foreman, a
crane operator, and four tag line men. Figures 7 and 8 illustrate the main deck with
the SOCK in place without tie-down rigging, tool house, air tuggers, or strainer in
place. The tie-down rigging was the same OHMSETT design used for all components
on the main deck. It was a modified design that the Navy diving equipment riggers use
for their mission installations on the Powhatan. The SOCK container was secured with
eight tie-down cable units using a combination of thimbles, 5/8-in steel cable, cable
clips, and turnbuckles. Termination points were a standard 1.S.0. container shackle to
the container and an eyebolt screwed into the deck. The Sock was atop the container
secured with steel cable and safety chain binders. The two air tuggers were screwed
to special OHMSETT designed swivel mounting plates that in turn were bolted to the
main deck. The SOCK hose manifold/strainer was welded to a steel plate that was
bolted to the main deck. The tool house was secured to the main deck with steel
cable, thimbles, and eyebolts.

PRACTICE AND FINAL CONFIGURATION

The SOCK deployment/retrieval at sea from the Powhatan was thoroughly
planned and practiced before crude oil was dumped. The first practice was from a
small barge in an inland waterway near Morgan City, Louisiana in early March 1980.
Figures 9 and 10 illustrate two views of the SOCK in that launch process. This
practice session was to ensure the SOCK working order after a long storage period and
the deployability of the new SOCK design. The barge deck was 4 ft above water and
the SOCK was 5 ft from the railless starboard edge. The barge was moored in a small
lagoon that had no water current flow that is normally required to unfold the Sock. A
special rigging was used to adjust the Sock axis to the barge. This experiment
concluded that the SOCK was ready for the Powhatan. Several possible launching
problems were anticipated for the at-sea experiments. First the outboard aft D-ring
snatch block cable assembly may snag during deployment. A solution was to grind
down the cable clip to a better taper. The second anticipated problem would be the
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SOCK, deck view from stern.

Figure 7.
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SOCK deployment from barge, forward outboard, starboard view.

Figure 9.
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Figure 10. SOCK deployment from barge.
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alt Sock {abric being drawn under the Powhatan's hull. One solution to this was to add
large inflatable spherical floats as a safety contingency. The system arriving at
OHMSETT included two one meter diameter spherical floats. The design intent was
that the fiocats tethered to the Sock apex would provide a contingency floatation that
would aid in the deployment over the starboard side.

The SOCK hardware and operators were integrated into the USNS Powhatan and
the test program. The following items had significant impact, floor space, and weight
ioads:

’ Containers, &x35 ft, 32,600 Ib (dry),
: Sock faar;c/z’ra'ne, 8» 25 ft, 6 500 ib,
air tuggers (two =ach), 3x3 {t, 200 !b each,
’ fluids strainer/manifold, 3x3 lt 200 1b, and
’ tool house, 7x12 ft, 500(‘ Ib.
The container includes an integrated diesel hvdraulic power piant, vaives and

rigid piping, controls, launching ramps an d the positive displacement suction pump.
The fabric/frame, referred to as "Sock" previously, sits on top of the container when
not deployed, therefore its weight is important. The height of the stack is
approximately 19 ft above the deck and it hangs 3 ft over the starboard side. Height
and overhang are important in safely calculating ship stability and docking constraints.
Figure 11 illustrates the deck layout proportions on the main deck of the USNS
Powhatan. The ship's structural frame stations are noted at two foot intervals for
scale. SOCK floor space is designated with thick lines with the test hardware and
ship's hardware in thinner lines.

The SOCK as integrated to the ship required onboard services of air for the
tuggers, water for wash down cleaning, and accommodations for manpower. The
container as previously discussed was latched to the deck. Guy lines for launching
with the air tugger went through fairlead rollers clamped to the Powhatan's starboard
rail. The inboard and outboard Sock tow lines were secured forward to bits on the
foc'sle deck. The Sock launching system was mechanically independent of the ship's
hardware, but required special maneuvers by the ship. The maneuvers were to be
commanded by the SOCK operator to the ship's master. Radio and visual contact is
very important. The ship's speed initially was a slow 0.75 kt with the Sock in the lee
and seas arriving from the stern quarter. Several start/stop and reverse motions are
then required to position the overboard Sock correctly and secure for skimming
operations.
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SECTION 6

TEST DESCRIPTION AND PROCEDURES

gn was to sume that sea states

The most important aspect of 2s
ajor 2iphasis was then to control

would change within small portions of a s
other mcwp ndent variables.

Although each test at sea was di
was accomplished on ali of the tzsts
was adnered to with consisiency allowing
accomplished.

ferent than all of the others, a general pat
ensure continuity of procedures. This pattern
for the different types of iesting

TYPICAL TEST OUTLINE

The general test sequence followed a pattern to ensure all test crew members
and equipment were in concert.

(1) Announce the commencement of test exercise.
(2) Ensure all test crew members are on station.
(3) Bring Powhatan to approximate test speed and correct heading relative

to sea heading.

(4) Remind test crew of procedure with times, quantities, and rates.

(5) Answer any questions from test crew.

(6) Check Powhatan speed using wood chip and adjust as necessary.

(7) Establish announced distribution rate through recirculation loop.

(8) Record tank soundings of distribution and collection for pre-test
volumes.

(9) Begin distribution of crude oil.

(10)  Announce the exact time that oil distribution began.

(11)  Start Tuthill pump after the established preload period.

(12)  Adjust Tuthill pump rpm to four-thirds desired pump rate.

(13) Pump into initial slop tank until oil appears at discrete sampling point.
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(14)  Switch pumping from the initial siop tank to designated steady state
tank.

(15) top oil distribution.

(16)  Switch Tuthill pump discharge to secondary slop tank after designated
steady stete period.

(17)  Continue pumping until discrete sampling point consistently shows

mostly water.
(183 Stop Tuthill pump.
(19)  End-of-test time armouncermznt, Allow settling time in coll=ction tanks.
(20)  Record tank scundings of the distribution tanks after distribution.
(21) Record recovery tznk soundings for total fluid.
(22) Decant recovery tanks.

(23) Record tank soundings on decanted volume.

(24) Take grab samples using marked 200-ml bottles of recovered oil-water
emulsion.

(25) Send samples to onboard laboratory for analysis.

A time line analysis is shown below for a hypothetical test. Figure 12, a view
from the aft end, illustrates collection tank positions. Note large Roman numerals on
each tank. There were minor exceptions to the procedures that were noted for each
test. Redundancy was built in to offer a choice of flow rate measurements using the
acoustic flow meter and venturi, and total quantity measurements using the stratified
sampling technique. The day-to-day and test-to-test procedure and data collection are
summarized below along with time line summaries for each test and day:

(1) Confirm Powhatan's relative surface velocity using wood chip method.
(2) Establish desired distribution rate through the oil recirculation loop.
(3) Initiate oil distribution through the oil slick generator.

(4) Start Tuthill pump after preload period as defined by designated volume
and theoretical distribution rate.

(5) Route skimmer discharge to slop tank until oil is observed at the discrete
sampling point.

(6)  Route discharge to steady state tank.

(7) Stop oil distribution.
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Figure 12.

Collection tanks I, i1, lIl, and IV (partially hidden).
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(8) Redirect cdischarge tc siop tank for rewainder of 1est,
(9)  Stop Tuthill pump.
DAY-TO-DAY SUMMARIES

A summary of each day's activities in regard to specific tests should relate
exceptions and portray a iew logistics gecisions.

& April 1980, Sandy Hoox Bay

At 1300 hours, the Powhatan is fully |
Carrying no crude oil, she leaves NWS-Ear
acquaint the test crew with the deployment
the slick generator.

oaded with test equipmient and the SOCK.
le for trial runs in Sandy Hook Bay 10
t "

At 1400 hours, the Sock is suvccessfully deploy ]
ments are made for the best sea kesping arrangermnent necassary ior int
the Powhatan.

At 1600 hours, the slick generator is lowered to the water surface using the
ship-board crane and cperator. At 1730 hours both the Sock and the slick generator
are brought back abcard and the Powhatan heads to port. The tarpaulin oil delivery
ramp on the slick generator needs to be weighted to make it Jess sensitive to the wind
in oil distribution process.

9 April 1980, New York Bight

At 0232 hours, the Powhatan Jeaves NWS Earle for the test site carrying 18.93
m3 (10,000 gal) of La Rosa crude oil. At 1000 hours recirculation pumping begins to
certify the hose connections and correlate the tank soundings to the in line positive
displacement meter readings.

At 1100 hours Sock deployment procedures are activated in heavier sea state
than encountered in the bay area. A hydraulic fitting is broken during deployment so
the Sock is recovered and the fitting is replaced.

At 1300 hours, the Sock is redeployed. High winds speed of 20 kt with 24 kt
gusts made the crane operation dangerous and prevented the deployment of the slick
generator.

Since the black crude oil cannot be dyed to improve photographic resolution, at
1410 hours a small sample of the La Rosa crude oil (600 m!) was poured over the side
of the vessel for visual sighting practice. This dump was considered essential to the
program for qualitative data later and so was characterized as test number one,

The Sock was brought back aboard at 1500 hours for cleanup and iransportation
to Earle.
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16 April 1980, New York Bight

Heavy fog and secas throughout the day prevented the safe deployment of the
ock The vi S‘blht)’ limitation was considered to cause a test control problem and thus
llation of the depioyment was prudent engineering practice,

D N
nl

11 April 1980, New York Bight

Baving remezined at sea due to fog on 10 April, the Powhatan is still fully loaded
with 37.85 m~? (10,00C gal) La Rosa crude oil onboard.

At 0500 hours m— Sack is ce:;o)ec over the starboard side of the Powhztan and
ihe slick generavor is lowezred directly in front of the Sock mouth. The sii d\ generator
i1s maneuvered to the cesignatad cperating position using forward tow lines and ait tag
lines and sacured. The +Mpaulm has been wevgufd with 8-mm (5/1€-inch) S‘e I chain
ior ballast. The vaier jets are turned on using the Powhatan fire fighting system as a

supply source.
Test Two

At 0930 hours the preparation for the first large-scale, at-sea testing with oil is
begun. The test is designed to verify the phenomenology of the Sock to contain oil
prior to officading. The test is actually a test which treats the Sock as a boom to
contain an oil slick.

The Powhatan is brought to speed and verified to be at 1 kt using the
flourescent yellow-orange wood chip method.

Oil distribution rate is set at 74.9 m3/hr (300 gpm) and at 0938 hours all
stations report ready. The slick generator deposits 1.89 m3 (500 gal) of oil on the
water surface over 103 seconds.

Visual observations from the bridge, fantail, starboard side, and the MonArk
concur that approximately 80% of distributed oil reaches the skimmer mouth. The
remaining 20% missing the mouth is approximately half inboard and half outboard of
the mouth.

After visual observations were made and photographic and video tape records
were taken, the oil remaining in the Sock was pumped into collection tank number III
to confirm that the oil collection system functioned properly and, more importantly,
to minimize the oil left at sea. It was at this point that both the acoustic flow meter
and the bell reducing venturi were found to produce erroneous data or not functioning,
eliminating two of the redundant means of collected fluid measurements.

Skimmer rating criteria are not given for the second test. The test was not
designed to test the complete skimmer package. Only the oil keeping ability was
effectively tested. Evicdence of drainage, entrainment, and other loss mechanisms
were monitored.

The event time line for test two is shown as follows:
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Stari pre-test procecures,

(2)  Spesed check, confirm 1 kt.

(3) Start recirculation mode for oi} distribution.

(4)  Begin oii distribution rate at 68 m3/hr.

(5) Water quality sample.

(6)  Stop ol distribution, at 1.85 m3.

(7) Coservation of joss meclhanism,
periormance

+8) Start Sock pump and collect oil.

) Stop coliection.

(10) Stratified sample analysis.

(11) End of test.

(12) Determination of skimmer loss.

Test Three

At 1153 hours the third test was run very similarly to the second test. The Sock

was used again as a boom.

due to entrainment of the captured oil.

The test was run to determine the speed of gross failure

Test three began with a wind-driven sea surface relative to Sock velocity of 1

kt and progressed to 2 kt with %-kt increments.

The Sock was pumped out after the test to quantify the skimmer loss during this
exercise and to clear the remaining oil prior to the next test.
visual observations of the test at the various speeds tested and is shown below. Again,
skimmer rating criteria for the SOCK are not given since the skimmer was used as a
boom rather than as a skimmer.

(1)
(2)
(3)
(%)

(5)

Establish surface velocity at | kt.-

Set oil distribution rate at 3% m3/hr (150 gpm).

Begin oil distribution.

The time line notes

Losses formed at rear are indistinguishable from oil that misses the

mouth of the Sock.

Increase speed to 1.5 kt.
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(6) Oil that has accumuiztzd on Soc. fabric begins 1o wash off, mixing with
skimmer loss.

(7) Decrease speed to 1 kt.
(8) Qil distribution complete.
(9) Estimated loss rate through the skimmer, 2 m3/hr (15 gpm).

(10)  As oil from slick ger,erator uedrs, a more defined loss mechanism is
apparent at 1.5 m3/ar (16 gpm). Skimmer loss forms a solid slick 0.5-0.7
m (5-1G {1) wide and “-Lv mm ek, The slick is black, emulsified oil.

(11)  Increase spzed to 1.5 kt.

(12} Vortices appear behind skinmer apex. Slick lcsses continue and form
Sroplets. The less se=ms to originate at inboard side in front of solid
fioztation chambers.

(13) The Sock skirt billows out, belching oil at random time intervals
concurrent with wave crests.

(14) Speed increased to 2 kt.

(15) Sock forms massive turbulence centering behind the apex. The quantity
of oil lost is noticably decreased. The decrease is caused by less oil
depth in the Sock and because the oil is resurfacing downstream out of
view,

(16) Decrease speed to % kt. The slick once again forms as a thick, solid
mass behind the apex.

(17) End of test.
Test Four

The first test of the skimmer performing in its dynamic operation, the surface
curent relative velocity was set at 1 kt and oil distribution was established at 68 /hr
(300 gpm). At 1503 hours oil distribution began and lasted 665 seconds. The Sock was
charged with a 1.89 m3 (500 gal) preload prior to starting the Tuthill offloading pump.
The total distribution of 12.5 m3 (3,300 gal) wa$ fed into the mouth of the Sock with
100% actually entering the SOCK.

Confusion and differing opinions of SOCK operators as to the established test
procedure on the dynamic testing of the SOCK lead to the execution of a test that did
not follow the standard procedure that had been outlined. The actual procedure
followed is summarized as follows:

(1)  Confirm Powhatan spced at | kt.

(2)  Establish recirculation rate of 68 m3/hr (300 gpm).
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(3) Begin oil distribution.

(4) Preload distributed, Tuthill pump started, at oil switch to recovery tank
I.

(5) Stop oil distribution.

(6) Stop pumping into tank II, begin pumping into tank HI which has bee
designated as slop.

(7) Tuthill pump rate slowed.

(8) No purrping, Tuthil] stopped.

(9 Switch to tank IV.

(10)  Various pumping retes.

(11)  Stop test.

During tests conducted on 11 April 1980, 16.25 m3 (4,291 gal) of oil was
distributed to the Sock 13.9 m3 (3,667 gal) of Wthh was recovered. The Powhatan Jeft

the operations area at 1748 hours and docked at the NWS Earle pier at 2146 hours.

12 April 1980, New York Bight

The Powhatan departs NWS Earle at 0130 hours carrying 37.85 m3 (10,000 gal)
of La Rosa crude oil. The recovered fluid from 11 April has been offloaded and
transferred to land-based storage. The Powhatan arrived in the area designated by the
Research Permit at 0538 hours.

Test Five

The Sock was deployed at 0700 hours in preparation for the third day of actual
testing. The oil slick generator was successfully placed in front of the mouth of the
Sock employing the onboard crane. The Powhatan speed is adjusted to be 1.4 kt and
the oil distribution is set at 46.6 m3/hr (200 gpm). The oil is distributed on the water
surface at 1032 hours. A total of 9.31 m3 (2,400 gal) is distributed over 720 seconds
with 100% of distributed oil reaching the Sock mouth.

The SOCK recovers a 3.79 m3 (1,000 gal) preload, requiring a 330-second wait
between the start of oil distribution and the starting of the Tuthill pump at 270 rpm
with steady state beginning at the first oil in the discrete sampling port.

Oil was present in the discrete sample port 35 seconds after the Tuthill is
started. The steady state period begins for 360 seconds with collection routed into
tank IV for an additional 600 seconds. The time line for test five is given as follows:

(1) Speed check at 1.4 kt.

(2)  Establish 46.6 m3/hr (200 gpm) flow for distribution.
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(3)  Qil distribution begins.

(4)  Tuthill pump starts.

(5) Oil observed at discrete sample point.

(6) Switch to recovery tank.

(7) Qil distribution complete.

(8) £nd of sieady state recovery, SOCK discharge switched to collection
tank IV.

(%) End of test, Tuthill pump stopped.

Test Six

The oil distribution rate was set at €8 m2/hr (306G gpm) and the Powhatan speed
was slowed to 1.3 kt. Oil distribution was begun at 1516 hours lasting 585 seconds, the
first 230 seconds of which is dedicated to preioading.

The preload period was spent before starting the Tuthill recovery pump which
was running at 400 rpm (maximum). Oil is observed at the discrete sampling point 60
seconds after the collection begins. Steady state collection begins at this point and
continues for 300 seconds when the discharge is routed to tanks for the remaining 600
seconds, if necessary. The time sequence is summarized as follows:

(1 Adjust Powhatan speed and establish oil rate in recirculation mode.
(2) Begin 68 m3/hr (300 gpm) distribution.
(3) Start Tuthill pump.

(4)  Oil observed at discrete sampling point and discharged in steady state
recovery tank.

(5) Terminate oil distribution.

(6) End steady state period route discharge to slop tanks.

(7) End of test, stop Tuthill pump.

During this test, oil was apparent at the trailing edge of the Sock causing a
slick roughly the width of the SOCK and tapering to a sheen 7 m (21 ft) behind the
apex of the Sock. The waves during this test were determined to have a one-third
significant wave height of 1.4 m cresting every 3.7 seconds (Reference 7).

After measurements are recorded for tank soundings and general topside

cleanup is done, the Powhatan leaves the operations area at 1638 hours for docking at
NWS-Earle at 2018 hours.
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On 12 &pril 198G, 19.9 m> (5,261 gal) of La Rosa crude oil was distributed on
the water surface during test five and test six, of which 17.3 m3 was recovered.

13 April 1980, New York Bight

Leaving early, fully loaded with 37.9 m3 (10,000 gal) of crude oil for testing,
the Powhatan departs NWS-Earle for the assigned operations area. The Powhatan
arrives on station at 0750 hours prepared for the day's testing.

he SOCK is not launched until 1000 hours. The oil slick generator is
overcoard, the Powhatan speed is confirmed at twoe Kkt, and the oil is ready to be
distributad at 41.9 m3/hr (190 gpm) by 1115 hours with the oil first being distributed at
1138 hours. A total of 7.84 m2 (2,100 gal) was distributed over a testing time of 1230
seconds.

The SOCK received & preioad of 3.7 m3 (1,000 gal) during the first 593 seconds
of the test. The Tuthill coliection pump was started 630 seconds into the test allowing
for a 37 second transient time. At 540 seconds, the vessel speed was decreased from
two to 1.8 kt. A time lag of 90 seconds was encountered before oil appeared at the
discrete sample after the pump was started and the SOCK discharge was routed to the
steady state collection tank for 600 seconds. All the remaining fluid was pumped to
the slop tank for an additional 660 seconds. The time line analysis is given as follows:

(1) Bring speed of Powhatan to 2.0 kt and establish a distribution flow of
41.9 m2/hr (100 gpm).

(2) Start oil distribution.

(3)  Pring speed of Powhatan to 1.8 kt.
(4)  End preload period.

(5) Start Tuthill pump.

(6) Oil detected at discrete sample point, discharge switched from slop to
steady state tank.

(7)  Stop oil distribution.

(8) End of steady state collection.

(9) End of test, pump stopped.

Test Eight

The second test of 13 April 1980 began at 1448 hours after establishing the

distribution rate of 29.5 m3/hr (130 gpm) and the relative surface velocity of 2.1 kt.
The oil is distributed for 765 seconds.
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The prelocad period of 4805 s=conds was distributec beiore the Tuthill pump was
started. Once pumping begins, it reqguired 245 seconds for oil to be observable at the
discrete sample port. At this time the fluid is transferred from slop tanks to the
steady state collection tank for 300 seconds and to the sjop tanks for the final 600
seconds. The time line analysis is shown as follows:

(1) Establish rate of 29.5 m>/hr (130 gpm) at oil distribution with Powhatan
at 2.1 kt.

(2) Start distribution.

(3) End of prelcad and Tuthill started.

(4) Oil observed, skimmer output routed 10 steady state tank.
(5)  £nd of oif distribution.

(6) Suction discharge to siop tank, end of steady state.

(7) End of test, Tuthill pump shut off.
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SECTION 7

DATA COLLECTION

The data were taken at 23 szparate locations scatiered over the main deck and

bridge house of the Powhatan, inclucing the remote buoy for wave analysis. The
informeation to be recorded, the m=ans of measuremnsnt, and the units in which the
mezsurement Is recorded are tabulzted for easy reference in Table 4.

The weather was monitorec for one week prior to the first day of testing. The
USCG and the Nationai Weather Service recorded data daily in sheets shown in Figure
13. The National Weather Service was monitored from the continuous broadcast at
162.55 MHz from New York City. The USCG was contacted at four locations
(Montauk Point, Ambrose Light Tower, Sandy Hook, and Manasquan Inlet) daily to
obtain actual weather information at that time. All other data were recorded at sea.

TABLE 4. RECORDED DATA

General Specific Means of Units of
Category Information Measurement Measurements
Environmental,
Weather
Dry bulb air Sheltered OF
temperature alcohol thermometer
Wet bulb air Sheltered, wicked OF
temperature alcohol thermometer
Wind direction vane degrees
Wind speed anemometer knots
Environmental, ’
Waves
Wave height buoy feet
Period buoy B seconds

Skimmer Speed

Wind driven current (Wood chips/timer) seconds

(Continued)
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TABLE 4. (CONTINUED).

General Specific Means of Units of
Category Information Measurement Measurements
Oil Distribution

Oil temperature Bimetal OF
thermometer
Initial tank height Dipstick inches
Final tank height  Dipstick inches
Water jet pressure In-line gauge psig
Distribution time  Stopwatch seconds
Distribution volume Positive dis- gallons
placement meter
Qil Recovery
Prior to test tank  Dipstick inches
height
Tuthill speed Stroboscopic rpm
L Tuthill pressure In-line gauge psig
Vessel Statistics
Controllable
Vessel speed Doppler meter knots
Powhatan bridge
Direction Magnetic compass degrees
' Powhatan bridge
Longitude Loran-G degrees, minutes
Latitude Loran-C degrees, minutes

AAAAA

(Continued)
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T5BLE 4. (CONTINUED).

General Specific Means of Units of
Category ‘m’u miztion Measurement Measurements
Vessel Statistics,
Unconirollable
Pitch Bricge bubble degrees
pncb indicator
Roll Bridge bubble degrees
rol! indicator
Pitch {roll) period  Timing of three seconds
pitches (rolls) and
S . divigingbythree
Oil Collection
Volume of Dipstick inches
collection measurement
Decanted volume  Dipstick inches

Emulsion quality

Grab sample

_percent oil

Oil Collection, Discrete

Emulsion quality

Relative time

Discrete sample

Stopwatch

percent oil

seconds

The following secondary measurements were planned but equipment failure prevented

data acquisition:
Oil Distribution
Qil Collection

Oil Collection

Rate

Rate

Rate

Hydraulic Pump, rpm

Acoustic Flowmeter

Venturi

50

Voltage
Voltage
Differential

pressure, inches
of water



 GENERAL CONDITIONS

DATE
"TIME OF DAY PREDICTIONS i
MONTAUK AIR TEMP OF.
POINT SEA TEMP op
WAVE HT. o Ft
PERYOO Sec.
BAROMETRIC
PRESSURE __ in Ho._
VISIBILITY _ n ML
AMEROSE AIR TEMP °F.
LIGHT o}
TOWER SEA TEMP. E.
WAVE HT. Ft.
PERIOD Sec.
BAROMETRIC
PRESSURE In Hg-
VISIBILITY_ _  n. Mi
SANDY HOOK AIR TEMP OF.
SEA TEMP OF.
WAVE HT. Ft
PERIOD Sec.
BAROMETRIC
PRESSURE In Hg.
VISIBILITY n. Mi.
MANASQUAN o

AIR TEMP F.

INLET o
- SEA TEMP. F.
WNW ENE wave HT. Ft .
w E PERIOD Sec.
PRESSURE (n Hg-

SW SE .
\' n. Mi.

SSW ISIBILITY

s SSE

 Figure 13, Daily weather record sheet.
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SECTION 8

LABORATORY ANALYSIS AND SAMPLING PLAN

OCEAN WATER SAMPLING AND ANALYSIS

Grab samples of ocean water in the test zone were itaken during the test
program. These samples were analvzed ior tempare “LJ e, salinity, and conductivity
using a Yellow Springs Instruments Model 33 SCT W eter, pH was cetermined by a
Fisher Scientific Model 120 pH metar, enc spacific gravity b\ z hvdrome

Ocean Water - Summary of Properties

Salinity 32.5 ppt
Conductivity 43,500 umhos
Temperature 6.7°C

pH 7.4

Specific Gravity 1.021

Water properties obtained are shown below. Selected samples were analyzed for crude
oil content. Analysis results are shown in Table 5, (Reference 3).

TABLE 5. OCEAN WATER SAMPLE ANALYSIS

Oil
Sample Content

Date Description pPpm
9 April 80 Ocean 4SND*
10 April 80 Ocean 25ND*
11 April 80 Ocean 25ND¥*
12 April 80 Ocean 25ND*
13 April 80 Ocean 25ND*
12 April 80 Recovery Tank Draining Test #5 - Tank II 80
12 April 80 Recovery Tank Draining Test #5 - Tank II 70
13 April 80 Recovery Tank Draining Test #6 - Tank IV 200
13 April 80 Recovery Tank Draining Test #6 - Tank IV 235

*ND = content less than limit of detection
TEST OIL PROPERTIJES SAMPLING AND ANALY SIS
Grab samples of the La Rosa crude were taken from the distribution tanks.

Analysis results for a viscosity versus temperature curve were obtained using a
Brookfield Model LVT viscometer at about 220C and a Fisher/Tag Saybolt Viscometer
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Figure 14,

Centrifuge for

oil/water analysis in Powhatan lab.
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Discrete sampling station.

Figure 15.

s
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= SOCK discharge pioe
=z =
= =
Zi =
) =
=

Sample pipe

Holes for sampie collection

Sample
bottle
pipe is full at all times and well mixed.

Flow in SOCK discharge pipe impacts holes in sampling pipe. Discharge

Figure 16.

Diagram of discrete sampling pipe.
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at about 75°C. Viscometer results were converted to centistokes (cSt) wusing
procedures in ASTM STP &43C anc plotied using ASTM D341 viscosity versus temper-
ature charts. Oil viscosity at ocean temperature was then read from the chart. Oil
surface tension (SFT) and interfacial tension with ocean water (IFT) were found using a
Fisher Scientific Model Surface Tensiomat at a room temperature of 18 +2°0C. Water
content of the crude was found by centrifuging with toluene using ASTM method
D1796-75. Specific gravity was determined using a hydrometer. Oil properties
obtzined are shown below:

-
1Y)

Resa Crude - Summary of Properties

Specific gravity G.91¢

Surface tension 34.8 gynes/em (€ 18°9C
interfacial tension 27.7 dynes/cm € 18°C
Viscosity 46 ¢St (¢ CoC
Viscosity 9.7 ¢St (@ 100°C

Flash Point 54.50C

SKIMMER RECOVERY SAMPLING AND ANALYSIS

Fluid recovered by the SOCK was sampled using two methods. Discrete
samples were taken from the recovery piping near the exit of the SOCK pump every
minute and composite samples were taken from the storage tanks after each test.
Samples were analyzed by centrifuge using ASTM D1796-75 to obtain oil and water
percentages (see Figure l4). Analysis of the discrete samples provided the recovery
efficiency (RE) for every minute of pumping time. Analysis of composite samples
provided the percentage of oil in total fluid recovered. Total oil volume recovered
(Vo) was then calculated using tank soundings and:

Vo equals (Volume total fluid emulsion in tank) multiplied by
(percent oil in tank)

Throughput efficiency (TE) could then be calculated using Vi, the volume of oil
distributed (V4o) and:

Discrete samples were collected using a sample tap previously installed in the
recovery piping near the SOCK pump exit (Figure 15). Sample tap geometry is shown
in Figure 16. A 1 mm x 61 mm polyethylene tube was attached to the top for filling
200 cm3 sample bottles. Typically, each sample bottle filled in less than 10 seconds.
Since samples were taken at 60 second intervals, the flow was allowed io run
continuously and diverted to a separate container for the period between samples.

Composite samples were taken from 18.9 m3 tanks holding the fluid recovered
by the SOCK. One tank contained pre and post-steady state (slop) recovery and
another contained fluid recovered during steady state. Fluid levels in the tanks were
measured after each test using a dipstick and ruler (Figure 17). Samples were then
taken using the Johnson Sampler (Figure 18) for oil and water analysis. Rach segment
of the Johnson Sampler was analyzed separately, with oil percentage reported. Total
volumes recovered in the slop and steady state tanks were found by cornparing fluid
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Dipstick sampling station.
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Johnson stratified sampling on station.

Figure 18.
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height in the tanks to a calibration curve of tank volume versus height. Oil volumies
recovered in the slop and steady state tanks were calculated using t ie oil percentages
found for each segment of the Johnson Samgpler. Tank volume represented by each
segment was mulnpued by the percent oil 1ound in the sample of t at segment. Oil
volumes for each segmient were then added to give the total oil volume in the tank.
Results of a hypothetical example are shown in Table 6.

__TABLE 6. EXAMPLE RESULTS. _

Total Siop tank Slop tank Stezgyv

Johnson volume sample oil sizte Steady State
Sampier per 0.2-m oil, voiume sampie oil volume
segment segiment, m3 % per segment, oil, per segment,
R m

i 50 5 6.025 10 0.G5

2 7 10 G¢.G75 20 G.15

3 1.10 15 0.165 30 0.33

4 1.55 20 0.31 40 0.62

5 2.20 25 0.55 50 1.1

6 3.00 30 0.9 60 1.8

7 4.00 35 1.4 70 2.8

8 5.20 40 2.08 &0 4.16

9 6.70 45 3.015 20 6.03
o 8.50 50 4.25 100 s 8.5
Total oil recovered 12.77 m3 25.54 m3

Each tank was allowed to settle as long as practical before free water was
drained. Tank fluid levels were again measured and samples taken with the Johnson
Sampler for oil and water content analysis. Total fluid after draining and oil volumes
were obtained using the calculations of the previous example. Water drained prior to
sampling was added back to the total fluid after draining result to obtain total fluid
recovered. Results obtained from the before and after draining samples were
compared to determine error in the measurements.

One problem surfaced during sample collection using the Johnson Sampler. Oil
in the sample would adhere to the sampler, requiring a toluene wash to remove the oil
to a sample bottle. Unfortunately, the polycarbonate sheath was attacked and
destroyed by the toluene left on the sampler. Since the entire stock of samplers was
used by the middle of Test 4, an alternate method was then employed to sample the
recovery tanks. Tank levels were measured after each test, then drained of free water
and measured again. Comparison of the two tank levels gave the amount of water
drained. An open 125 ml sample bottle was taped to a steel rod and slowly lowered
from the liguid surface to the bottom of the tank and back to the surface (Figure 19).
Since fluid flowed into the bottle during the entire period, the sample was assumed to
represent the contents of the tank. Some error is expected as the tanks are horizontal
cylinders so one level does not contain as much fluid as another and the tank may not
be well mixed so water and oil pockets may be present.
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Figure 19. Grab sampling station.
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SECTION S

DATA REDUCTION

1
{

Preliminary reduction of date onbcard the Powhatan was necessary o maintain
control of testing and evaluale results to determine the need, if any, to altzr the
preliminary test matrix. This preliminary data reduction was for purposes of on-scene
evaluation only and was never intended to give the final results which required many
man-hours in an environment more conducive to the deiailed calculzations necessary
for the total reduction and evaluation of the cata package.

h (D

SHIFPBOARD REDUCTION

Certain data was transformed with pretest known quantities to produce a
caiculable quantity for decision making onboard. The wind-driven surface velocity was
an important test parameter. The speed was computed by measuring the time
necessary for the wood chip to travel a set distance 30.5 m (100 ft). The time was not
the desired quantity, the speed in kt must be determined. Similarly the tank soundings
provide the heights of fluids in the tanks but the desired quantity was the volume in
the tanks at the time of sounding so that preliminary values for recovery and
throughput efficiency, and quantification of skimmer loss could be computed onboard.

FINAL REDUCTIONS

Although the shipboard calculations for skimmer rating criteria were done on a
test-to-test basis, the final reduction on land was done on a grouped basis. The data
naturally falls into four categories: Environmental, Distribution, Collection, and
Other.

Environmental

The environmental data was correlated to the vessel speed, heading, position,
time, and test number. The actual reduction was done by the USN-NUSC laboratory
representatives (Reference 7). Figure 20 shoWws the buoy deployed. Figure 21 is a
sketch of the major components of the buoy.

Distribution

The quantity of oil distributed to the mouth of the Sock was measured using a
152 mm (6 in) positive displacement (PD) meter placed in the distribution line and
sounding of the crude oil storage tank designated for use in this specific test before
and after the test (tanks V and VI were designated as crude oil storage tanks). A third
measurement of the distributed volume was to have been based on the theoretical
crude oil pump rate determined by the rpm of the hydraulic power pump, but the
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Figure 20.

Wavetrack buoy at sea.
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Antenna
Beacon r,\ E

\\ e
Electronics
Housing Sphere - SN
Mooring Attachment
Accelerometer
Housing

Figure 21. The ENDECO wavetrack buoy.

Note: This system includes a fiberglas buoy, double integrator,
batteries, and FM transmiiter.
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tachometer dic not function properly. The time for oil distribution was recorgesd in
seconds as the time from when the valve 1o the oil slick generator was opened until
the same butterfly valve was closed. The distributed volume to time ratio gives
redundant rates basad on tank soundings and the inline meter.

Since the preload volume had been designaied rather than the preload time, the
preload times are calculated based on the given prelocad volume and the three
distribution rates (tank soundings, metered, and averzged).

The difference between the total disiribution time and each of the redundant
distribution times can produce the steady state time bzsed on the distribution volumes.

s given in Table 7.

I

:
Cai

—

A summary of the reducec distribution
Recovery
s e sl

Data reduction for the recovered fluids is similar to the tank souncings of the
distribution calculations. Each recovery tank was sounded three times. The pre-
collection height, total collection height, and decanied height are recorded for each
collection tank. Each of these heights is translated into the appropriate volumes using
linear interpolation of the computer generated numerical integration tables for the
height-volume relationships. The volume of the total collection height less the volume
of the pretest sounding is the total collected volume. The decanted volume less the
initial volume is the total collected volume of the oil-water emulsion. It is a sample
of this volume that is given to the onboard laboratory for analysis.

There is a choice as to how this data can be treated to calculate the volume of
oil collected based on differing starting assumptions. The first method assumes that
all of the initial volume is pure crude oil. If this is true, then the volume of recovered
oil is given by:

Vro equals  (Volume of recovered emulsion) multiplied by
(percent oil in tank) minus (initial tank oil volume)

The second method bases itself on the La Rosa crude oil being exposed to sufficient
water and mixing energy to form a saturated, stable, tight emulsion in all cases. The
initial (pre-test) volume is then assumed to have essentially the same relative oil
content as the overall emulsion. With this assumnption, the recovered oil volume
becomes:

Vro = (Decanted oil volume) minus (initidl tank oil volume)
multiplied by (percent oil in tank)

This assumption yields higher performance values in all cases and became the
operational assumption for the recovered fluid data reduction.

These calculations were compiled for the steady state recovery tank(s) and the
slop tank(s) for each test run. The results are given in Table 8.

A second steady state period was defined to be the total Tuthill pump time
equal to the total distribution time.
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Skimmer Rating Ferameters

Calculation of the skimmer rating paramneters is readily accomplished using the
standard OHMSETT working equations for Oil Recovery Rate, Throughput and
Recovery Efficiency outlined in the OHMSETT Stancard Operating Procedures (SOP's).

TABLE 8. SUMMARY OF RECOVERED FLUID

Test  Tank Designation Heights (cm) Volume (m3)
no. no. initial full decant initial  full decant
I -—- -— No racovery No recovery
2% M1 Steady State 0 19.1 19.1 0 1.0 1.0
IV Slop 0 43.2  43.2 0 3.1 3.1
3* Il Only 0 7.6 7.6 G 0.2 G.2
4x I teady State 0 100.3 100.3 0 2.9 9.9
11 Slop 19.1 116.8 116.8 0.9 12.0 12.0
v Slop 43.2 101.6 101.6 3.1 10.1 10.1
¥ I Steady State 1.4 55.9 55.9 1.7 4.5 4.5
v Slop &.9 8.1 73.0 0.3 8.0 6.5
6 I Steady State 1.4 78.7 63.5 1.7 7.2 5.3
II Slop 7.6 119.4 114.3 0.2 12.3  11.7
7 1 Steady State 8.3 50.8 48.3 0.3 4.1 3.6
v Slop 9.5 58.4 50.8 0.3 5.0 4.1
8 | Steady State 8.9 35.6 22.9 0.3 2.3 1.2
11 Slop 9.5 40.6 22.9 0.3 2.8 1.2

*The stratified sample technique was used in tests 2, 3, 4 and the steady state tank for
test 5. Tank soundings were recorded on the nearest 0.64 cm mark and converted to
gallons.

The Qil Recovery Rate (ORR) is a measure of the SOCK's ability to remove oil
from the environment (water surface) to the onboard recovery tanks and is computed
by the equatjon:

ORR = (Volume of oil collected) divided by (Time for that collection)
The Recovery Efficiency (RE) is the ratio of oil collected divided by the total

fluids, oil and water, collected.  The throughput efficiency (TE) is a measure of the
quantity of oil available for recovery to that which is actually recovered. The
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available oil is that within the sweep width of the
equation is:

TE = (Volume of oil recovered) multinlied by (100)

(oil distributed multiplied by {pzrcent encountered

Because of the preloading, the oil distributed is not rejated to all steady state

conditions and the substitution of oil distributed = QW ts into the TE working equation
yields:
TE = Vro x100
CDtssE%
where Qp is the distribution rate for the corresponding time interval defined as steady

state, tgg, and E% is the percentage oil encounrtered.

These dynamic equations are then applied to the various possibilities presented
by the complete data package. This application yields for each test 1& possible values
for TE, and two values for the RE and ORR. The combinations are illustrated in Table
9.

o TABLE 9A. THROUGHPUT EFFICIENCY COMBINATIONS.
Tank Metered
Soundings Output Average

Throughput Efficiency

Tank

Sounding TE] TE2 TE3
Metered

Output TEy TEs TEg
Average TE7 TEg TEgq
Tank

Sounding TEjg TEj] TE}2
Metered

Output TE 3 TE 4 - TEjs
Average TEg TE 7 TE}g

TEj through TEg - Steady State #1

TE)g through TE|g - Steady State #2 (Extended Steady State)

67



LOIL RECOVERY RATE.

Oil Recovery Rate

Tank Scuncings for Oil Volume

Steady State ORR

Extended Steady State ORR?>

-+

e

Tank Sound}ggs for_Oﬂ Volume

Steady State RE]

Extended Steady State RE2

The reader is cautioned on comparing columns and rows, and to understand that
this program was designed with redundant measuring techniques, not to be confused
with duplicates as in establishing statistical confidence. The additional values for TE
are, of course, generated by redundant distribution measurements. If all instruments
had functioned property, the matrices for the RE and ORR would have been expanded
similarly.

The rating criteria is now broken into steady state and extended steady state
for comparison. The ORR and RE is straight forward, but the TE requires comparison.
Fortunately, the differences between the TE values is generally small enough to be
accounted for by error in accuracy and precision of the data taken. If this had not
been the case, an analysis of the measurements taken and the means of measurement,
and probable error would be necessary to eliminate the data that was inconsistent with
other reading and measurements.

Other

Weather data, vessel heading, pitch and roll of the Powhatan and dump location
did not need to be reduced, only correlated by test number, time and date. Skimmer
losses were conservatively estimated at sea allowing a large enough safety factor for
the simplified shipboard assumptions and to ensure confidence that the test program
remained within the EPA dumping permit for total at-sea losses. These skimmer
losses were recalculated without the simplifying assumptions for daily reporting to the
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US EPA (Region 1) and USCG Cepizin of the Port (3rd District). The total skinmer
loss was determined to be 17.8 m3 (4,705 gal) and the maximum allowsble Joss was
18.9 m3 (5,000 gal). A summary of ali rzducec and correlated data is given in Teble
10.

Discrete Sample Analysis

During each test, discrete samples were taken and analyzed on a percent oil
basis. These values were then taken and reduced in conjunction with the Tuthill pump
rpm and pumping curve of the back pressure to the pump and used for computation of
skimmer rating criteria.

The skimmer rating criteria (SRC) is now deiined as a dependent performance
variable such as ORR, RE, or TE on a minute-tc-minute basis. The average SRC 1is a
summation of discrete SRC's divided by the specified tiime intervals.

SRC = (SRCj + SRCj4] ++.eee =+ SRCp)/(n-i)

The RE and TE values were quite consistent with those taken on the grab
sample basis. The ORR computed as ORR = (oil %)(pump rate) was in misalignment
with known values from grab sample data reduction. The theoretical pump rate was
computed from the Tuthill pump curves with a given rpm and back pressure. When the
pump curve flowrate was compared to measured time--quantity values, they were not
in agreement. A cross check of ORR rates based on tank soundings and flow rate
brought the ORR into much closer alignment.

SAMPLE CALCULATIONS

Test five was selected as a sample calculation. It is a typical test conducted
mid-way through the program.

Vessel Speed
Time for wood chip to travel 30.5 m (100 ft) = 44.5s

\Y = 30.5m
44.5s

= (0.69 m/s)(1.94 kts/(m/s)) = 1.33 knot

= 0.69 m/s

Qil Distribution .

Volume from positive displacement meter = 9.31 m3

Volume by tank sounding

V| and V3 read from tank calibration chart.

Volume distributed = V[-V5 = 10.40 m3
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Time for totzai distribution (T) = 720s = 5.25 hr

Distribution Rate

Based on Positive Displacenent
Qpp = 9.31/0.20 = 46.55 m3/hr

Based on Tank Scundings
Qs = 10.40/0.20 = 52.00 m3/hr

Average = (46.55 + 52.00)/2 = 45.28

Preload Size, V = 1.85 m3

H

Preload Time

Based on Positive Dispiacement Meter
TpL,PD = 1.89/4€.55 = 0.04 hr = 146.3 s.

Based on Tank Soundings
Tpr, TS = 1.89/52.00 = 0.04 hr = 130.85 s.

Average Tpp A = (130.85 + 146.36)/2 = 138.60 s.
Steady State Times
Based on Positive Displacement Meter
Tss,pp = T-TpL,pD = 720-146.36 = 573.64 s.
Based on Tank Soundings

Tss,Ts = T-TpL,TS = 720-130.85 = 589.15 s.

Average
TSS,A = (TSS,PD+TSS,TS)/2 = (573.64+589.15)/2 = 581.40 s.

Oil Recovery
Using the stratified samnpling technique. Steady state tank No. IV,

Initial volume =0.45 m3 oil.

Stratified Representative

sample tank volume Percent, Total Oil
compartment m oil, % (m3)

1 0.68 78 0.53

2 1.18 88 1.04

3 1.48 93 1.37

4 1.11 95.5 1.06
Total 4.45 N/A » 4.00
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- R 2
-05 = 2.00m”

\n

Cellected volume = 4.4 = VT

Collected oil volume = 4.00 - 0.45 = 3.55m3 = Vg

Using grab sample technigue.
Test four, slop tank.
Initial height = 64 mm
Total height = 851 mm
Decanted height = 731 mm
From linear interpolation of height-volume listing (tank calibration chart)
Initial volume = 0.31 m3
Total volume = 7.97 m?3
Decanted volume = 6.45 m3
Qil percentage = 81% (from lab analysis of grab samples)
Total collected volume = 7.97-0.31 = 7.66 m3 = VT
Total collected oil volume = (6.45-0.31)(0.81) = 4.97 m3 = V5
Calculation of Skimmer Rating Criteria (SRC)
Recovery Efficiency = RE = 100 (Vo/VT)
Steady State
RE = (3.55/4.00)(100) = 88.75%

Extended Steady State
RE = (3.55+4.97)/(4.00+7.66) x100 = 73.07%

Oil Recovery Rate = ORR =
(Oil recovered in steady state)/(steady state time length)

Steady state
ORR = 3.55/0.10 = 35.5 m3/hr

Extended steady state
ORR = (3.55+4.97)/(0.10+0.17) = 31.56 m3/hr

Throughput efficiency
TE = (100 V5)/(QXtssXE%)

Steady State (Repetitious calculations not shown)
TE = (100)(3.55)/(49.28)(0.10)(0.80) = 92.85%

Extended Steady State
TE = (100X3.55 +4.97)/(49.28)(0.27)(0.80) = 80.04%
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This sz:vpie iiustrates the date caloujations on Throughput Efficiency. The
10% difference covers @ range of possible values for TE between steady siate and
extended steady st
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SECTION 10
TEST RESULTS AND DISCUSSION

Of the eight tests run at sea with oil distribution, only the last Iive have
dynamic skimnmer rating criteria listea. The first test was run with only .60 | of oll
distributed mainly for visual sighting purposes. The second and third tests were run 10
establish the cuantity of unrecoverzble oil in the Sock, 1o test the Sock for boom-type
oil keeping ability, and to determine the critical speec for oil less primnarily through
shedding and entrainment. The results of the oi! iesis are given in the test-to-test
summary. Table 11 summarizes the test results.

TEST ONE

A small sample (0.60 liter) of La Rosa crude oil was poured onto the water
surface directly in front of the Sock mouth. The oil spread evenly on the surface
forming a thin but visible slick of black oil. The contrast between the oil and water
was sufficient to visually observe the slick deposited on the sea, bow wave inter-
actions, the skimmer losses, and encounter efficiency.

TEST TWO

A total of 1.89 m3 (500 gal) of La Rosa crude oil was distributed to detemine
the non-recoverable oil that is trapped in the Sock. Because of low water jet pressure,
only approximately 80% 1.5 m3 (400 gal) actually entered the Sock with a surface
current velocity of 1 kt. Visual estimates of 1 to 3 m3/hr (5 to 10 gpm) were made.
Part way through the test, the speed is reduced to 0.75 kt and the visual estimate of
oil loss was_approximately 0.5 m3/hr (3 gpm) still as entrained droplets of the oil.
Later 1.6 m3 (423 gal) was recovered using the Tuthill positive displacement pump.

TEST THREE

A second volume of 1.89 m3 (500 gal) was distributed to the Sock and the
Powhatan speed varied to ascertain the critical speed for boom-type failure. The
shedding effects are obvious at 1 kt but much more pronounced at 1.5 kt. When
reaching the 1.75 to 2.0 kt range, the oil shed does not resurface until 5-10 m (15-30
ft) past the Sock. When the speed is reduced to 0.5 kt, a thick slick 1 m (3 {t) wide
forms and tapers to a point 5-7 m (5-20 ft) aft of the Sock. Vortices and SOCK
generated turbulence is apparent at speeds greater than 1 kt. Recovery of fluid in the
Sock yielded 0.68 m3 (57 gal) of oil.

TEST FOUR

The first of the large scale distribution tests employs a 12.5 m3 (3,300 gal) oil
dump, the first 1.89 m3 (500 gal) of which is considered to be preload. During the
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TABLE 11. SOCK TEST RESULTS

Fwd Pre- Dist SOCK 1/3 Period
Test  speed, load rate, DUMP, H T, Direc RE TE ORR
no. kt m3 m3/hr m3/hr m s  to sea % % m3/hr
1 2.1 .0005 - -——- 1.5 6 Head ——— —-- ——
2 1.0 1.89 66 ——— 1.3 7 Head —— - -
3 0.75-
2.0 1.89 35 - 1.4 7 Head ——— e ——
4 1.0 1.89 68 68 1.2 7 Head by 55 10
5 1.3 3.8 47 45 0.9 5.5 Head 89 93 35
6 1.3 3.8 65 65 1.4 3.7 Head 39 47 12
7 1.75 3.8 23 23 1.0 4.3 Follow 43 43 12
8 2.1 3.8 29 29 0.7 5.8 Follow 26 18 2
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testing, a head wave is observed in the Sock which tended 1c force oil bzrween the
Sock fabric and the pontoon flceiation at the mouth of the Sock.

The Sock had a relative surface veiocity of 1 kt and the waves had a significant
(1/3) height of 1.2 m. The ORR was determined to be 10 m3/hr, the RE 44%, and the
TE 55%.

TEST FIVE

The fifth test was run at 1.3 kt using a 3.8 m3 (1,000 gal) preload distributing
oil at &7 m3/hr (200 gpm). The sea was rougher than earlier, the significant wave
height was lower (0.9 m) but the period was also shorter (5.5 seconds compared with
7.0 seconds on the iourth test).

The SOCK recovered oil at 35 m3/hr (154 gpm) with the RE = 89% and the TE =
93%. This was the test with the widest variation of results based on the differing
computed distribution raies and "steady state" versus "extended steady state". For
example, the Throughput Efficiency could vary from 74% to 93%.

TEST SIX

The relative surface speed remains at 1.3 kt for comparative purposes, and the
preload remains at 3.8 m3 (1,000 gal). The distribution rate was increased to 65 m3/hr
(300 gpm). The results are not, however, indicative that this changes the TE. Oil was
recovered at 12 m3/hr (53 gpm) giving a TE of 47% and a RE of 39%. Unfortunately
the sea state was an uncontrollable variable in the entire execution and the significant
wave height changed to 1.4 m cresting every 3.7 seconds during this test. Test six was
the last of the tests run into the seas.

TEST SEVEN
Run at 1.75 kt with the Sock in following seas, the oil was distributed at 23
m3/hr (101 gpm) with a theoretical recovery rate set to be the same. The Sock

encountered waves 1 m in height cresting every 4.3 seconds. The skimmer recovered
oil at 12 m3/hr (53 gpm) with a RE of 43%, of a TE of 43%.

TEST EIGHT

The final test was run at a higher speed to observe significant fall off in
performance. Sea conditions were 0.7 m waves cresting every 5.8 seconds. The Sock
at 2.1 kt recovered oil at 2 m3/hr with a RE 6f 26% and a TE of 18%.
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