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I. INTRCDUCTION

The ZRV, developed by Shell Development Company for the U.S. Coast
Guard, is a sorbent belt skimmer based on the principle of collecting oil

from the water's surface such that there is approximately a zero relative

velocity between a moving belt and an oil layer on water. The operating
principle, sketched in Figure 1, shows how an endless sorbent belt can be
positioned to act like a blanket floating on the water's surface. The belt
must contact the oil layer long enough to allow effective sorption of oil.
Thus the belt contact length must be much longer than that of conventional
belt skimmers and move at a prescribed velocity. If no appreciable velocity
difference exists between an oil layer and the removal device, no major tur-
bulence results, and hence, 0il droplets associated with the entrainment do
not form. Further, if the belt operates in a low-tension configuration, it
can conform nicely with surface waves.

The sorbent belt developed for use on the ZRV skimmer is a compo-
site one that will efficiently remove high and low viscosity oils alike
during extremely short contact periods (2-4 seconds). The component
materials of the belt "sandwich" are an artificial turf material for the
outer surfaces of the belt (for viscous o0ils) and a polypropylene felt as the
inner material (for low viscosity oils).

"washing machine" rollers to

High belt speeds prevent using paired
squeeze oil from this belt because of high belt pore pressures. So paired,
chain-driven tank-tread-like plates are used instead and these perforated
plates, backed up by rollers, expel oil from the sorbent belt over a five-
foot distance, minimizing pore pressures.

Results of Stage I testsl simulating the belt and wringer action
(when extrapolated to prototype scale) showed maximum oil recovery equivalent 4
to 788 to 1660 gpm for two 3-1/2 foot-wide belts at a speed of 6 knots.
There was reasonable concern that these results might be overly optimistic,

since large-belt performance was extrapolated from small-belt coupon results.

The data from large-scale Stage 11 testing, reported here, suggests that

) Ayers, R. R., et al, "A Zero-Relative-Velocity Belt Skimmer', prepared
by Shell Development Company for the U.S. Coast Guard, Contract DOT-CG-
42229-A. Final Report, April 1975.
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maximum recovery rates from 518 to 595 gpm are more realistic. Regardless,

we find that the ZRV skimming concept works; the numerous tests performed
confirm that a truly effective prototype skimmer can be built to skim oil in
currents up to the test limit of 8 knots--over 4 times faster than many
conventional skimmers.

Stage II efforts consisted principally of (a) designing and build-
ing a full scale (but 2-ft width) ZRV Belt and Wringer/Drive Mock-Up, (b)
testing the mock-up in currents and choppy waves and (c) model testing the
proposed skimmer hull configuration. Results of these tasks along with
mathematical and experimental analyses have been used to design the prototype
ZRV Skimmer.

The first chapter discusses the proposed prototype design--the end
product of this second stage effort for the USCG. Subsequent chapters treat

the elements of the program conducted to specify the prototype design and

project its performance.




IT. ZRV PROTOTYPE DESIGN AND PERFORMANCE

Introduction

The ZRV Prototype Skimmer Design summarized herein culminates over two
years of concept development work conducted under contract to the U.S. Coast
Guard (USCG) by Shell Development Ccmpany. The USCG program goal is to
develop techniques to effectively recover spilled oil in 4 to 10 knot cur-
rents. The ZRV belt skimming concept has been shown by test to be capable of
meeting that goal.

The detailed design and specifications were prepared under subcon-
tract by Alan C. McClure Associates, Naval Architects and Engineers. Pro-
jected performance data was obtained from quantitative tests of a full-scale (in
profile) mock-up of the concept. The projected prototype design and confirming
test results are the end product of the second stage of the USCG's three stage

program. The final stage concerns prototype fabrication and testing.

Design Description

The ZRV Skimmer is a 41-foot-long air-transportable aluminum catama-
ran vessel used to recover spilled oil in bays, harbors, estuaries, and coastal
rivers and waters. Figure 2 is an artist's concept of the prototype, capable
of recovering up to 600 gpm of a wide range of oils at a nominal operating
speed of 6 knots. Principal dimensions and specifications are found in Table
1. For air transportability the skimmer is built in three sections: a port
and a starboard catamaran hull, and a center skimming equipment section. Each
hull, shown in Figure 3, has a 150 hp diesel propulsion unit, steering gear,
and a temporary oil/water storage tank. The center section, shown in Figure
4, spans the catamaran hulls. It has an identical power unit to drive twin
sorbent belts, transfer pumps, and associated equipment. The three sections
are separated for air transport then assembled for use at the port nearest the
spill. Special equipment for lifting, transporting, and aligning the sections

is included with the prototype skimmer design.

The skimmer uses twin sorbent belts, each 3-1/2 feet wide, to
recover spilled oil under near-zero-relative-velocity (*1 knot) conditions.

The composite construction of the belts, shown in Figure 5, permits recovery

of oils ranging in viscosity from 2 to 2,000 centistokes. The outer sheath




Figure 2. Artist’s Concept of Prototype ZRV Skimmer




TABLE 1

ZRV SKIMMER PROTOTYPE
PRINCIPAL DIMENSIONS AND SPECIFICATIONS

Assembled Skimmer

Length Overall

Beam
Displacement

Propulsion Engines
Skimming Equipment
Power Unit

Recovered 0il Storage Capability
Crew Required

Center Section

Length 40"
Beam 9' o"
Height (without 63
transport skid)
Height (rigged 8" 5"
for transport)
Weight 25,000 1bs

41' (Bow Roller Retracted)

49' (Bow Roller Extended)

18"

Light 45,000 1lbs

Loaded 51,000 1lbs

Twin Diesels, each 150 HP continuous
210 HP intermittent

Single Diesel 150 HP continuous
210 HP intermittent

2,000 gallons

3 - 1 Helmsman, 2 Seamen

Pontoons
Length 40"
Beam 4' 6"

Height (without 7Y 6
transport skid)

Height (rigged 8' 5"
for transport)
Weight (each) 9,500 1bs
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of Astroturf (which adsorbs viscous oils) makes the belt strong and protects
the inner layer of polypropylene felt (which absorbs light oils).

Each sorbent belt follows a continuous path through the recovery
system, Figure 4. The belt path of travel allows sufficient contact time for
sorbing spilled oil. Some water and most debris fall off as the belts are
withdrawn around the stern roller while viscous oils and clinging debris are
removed by wipers on guide rollers in the wringer entry area. In addition to
driving the belts, the wringer (Figure 6) forces remaining fluid (except for a
residual fraction) downward and out of the belt. The belt path is designed so
that the oil-wetted belt surface faces downward as it passes through a wringer
to ease oil expulsion. Powered forward rollers pull and guide the belts
forward from the wringers to the bow for subsequent (low-tension) laydown on
the water's surface. The loosely-tensioned state of the belt, in contact with
the water's surface between the bow and stern rollers, permits it to conform
with waves during the oil sorption process.

By running the belts at a speed matching the relative speed between
the vessel and the water (zero relative velocity), shear turbulence is avoided
at the belt/oil interface. At non-ZRV conditions, say greater than | knot,
such turbulence can cause o0il entrainment in the water making it difficult for

the belt to contact and recover the spilled oil.

0il Recovery

Projected oil recovery performance of the prototype is summarized in
Table 2. These figures are based on quantitative tests of a full-scale¥®

mock-up of the oil recovery system (see Chapters IV, V, and VI).

The data shows that the projected calm water oil recovery rate, Q. ,
for the twin belts is directly proportional to belt speed, V, (at ZRV) and oil
encounter thickness, t, for all oils tested. 1In fact at thicknesses

t < 5mm the recovery rate is approximately 957 of the encounter rate, or
Qg = 14.6 Vt (#5%) (Eq. 1)

for V < 8 knots, where the units of Q, V, and t are gpm, knots and millimeters

respectively.

*The mock-up had one two-foot-wide belt rather than two 3-1/2-foot belts.

10
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TABLE 2

ZRV SKIMMER PROTOTYPE
PROJECTED PERFORMANCE

Condition Capability

1. Seagoing Ability - Waves - Current

a) Survival a) 10 knot current with 4-foot
waves and 20 knot winds

b) 6-foot wave height with 40-
knot wind for one week

b) Skimming 10 knots current with 2-foot con-
fused seas

2. Speed and Maneuverability

a) Transit 10 knots

b) Skimming 8 knots - Towing 14,000 gal.
Storage bag

6 knots - Towing 95,000 gal.
Storage bag

3. 0il Recovery
a) Viscosity Range 2 - 2000 cs.a
b) Recovery Rates

i) Current or calm water
3mm slick 278 - 315 gpm @ 6 kts

ii) Two-foot irregular waves
3mm slick 236 - 270 gpm @ 6 kts

iii) Current or calm water
10mm slick 500 - 600 gpm @ 6 kts

c) Recovery Efficiencies

i) Current or calm water 35 - 45% @ 6 kts, 2-30 cp oils
3mm slick 60 - 75% @ 6 kts, 100-1200 cp oils

a. The skimmer may pick up oils with higher viscosities but no test data is
available to confirm this. Actual test oil viscosities ranged from 4 to
1100 cs but this can be safely extrapolated to 2 - 2000 cs.

12

i it s ———————————— st it




L

4.

TABLE 2 (Cont'd)

ii) Two-foot irregular waves
3mm slick

iii) Current or calm water
10mm slick

d) Throughput Efficiencies

i) Current or calm water
3mm slick

ii) Two-foot irregular waves
3mm slick

Belt Life

80-95% @ 6 kts,

90-100% @ 6 kts

90-100% @ 6 kts

Over 200 hrs

2-30 cp oils
100-1200 cp oils

2-1200 cs oils




The maximum recovery rate, depends on the belt sorbing

R (MAX) *
capacity, the sorption time, and the encountered oil viscosity. Based on test

data we expect Q to be 600 gpm for light distillates and to reduce to

525 gpm for moreRiﬁiigus residual oils. These maxima can be expected for
slick thicknesses, t, greater than 8mm. Corresponding through-put effic-
iencies (0il encountered vs. oil recovered x 100%) under conditions of
Equation 1 are from 90 to 1007 for all oil viscosities tested.

Generally speaking, the projected oil recovery performance is not
altered by *1 knot deviations from ZRV conditions. Although moderate (<2 ft)
inshore waves do not appreciably affect the o0il recovery performance, confused

two-foot waves lower the throughput efficiencies and hence oil recovery rates

by about 157.

Recovery efficiency (volume of o0il recovered vs. volume of oil +
water recovered x 100%7) of the ZRV improves with increasing skimming speeds.
At higher speeds increased centrifugal force at the rear drum throws off
loosely held water which would be retained and collected at lower speeds. Calm
water recovery efficiencies for 3mm oil slicks vary from 40% for light distil-
lates to 757% with heavier residual oils. Maximum recovery efficiencies of 80
to 90% are achieved with thick (> 5 mm) slicks at high (6 - 10 knot) speeds.

Although oil recovery rates are hardly affected by waves (up to 2 ft)
corresponding recovery efficiencies can decrease by as much as 50%. However
this number is based on mock-up tests using an unprotected belt where waves
washed over the sides. A less dramatic decrease in recovery efficiency in
waves is expected for the prototype since the pontoons protect the belt sides.
Some decrease will occur, however, because wave action causes water to fill the
remaining void volume or attach to the surface of the belt after oil sorption

occurs.

0il Transfer and Storage

Recovered oil and the water collected with it drains to a sump amid-
ships after falling from the wringer. Two 600 gpm rotary-type positive dis-
placement pumps (Tuthill Moded 660) pick up the collected oil and send it to
onboard or exterrnal temporary storage. These pumps were chosen for their self-
priming and debris-handling characteristics as well as their ability to pump

all types of oils. They are relatively compact, lightweight and inexpensive

14




compared to other positive displacement pumps studied. The pumps are hydrau-
lically powered for variable speed so that the transfer rate can match the
recovery rate.

For small spills or final clean-up operations in larger spills, oil
may be pumped directly into a 1,000 gallon storage tank located in each hull.
For spills exceeding about 500 gallons, external storage must be used. This
could be a barge or tank onshore, for example, if the skimmer were moored in a
river. Underway in a harbor or bay, towable oil storage bags could be used.
These are commercially available from several rubber companies. A 95,000
gallon bag can be towed at 6 knots and would take 2-1/2 hours to fill at 600

gpm. Both transfer pumps are manifolded to an on-deck discharge line for
external storage, as shown in Figure 2.

Vessel Power and Controls

Three identical turbocharged diesel engines (Caterpillar Model D-
3208) power the skimmer. An engine in each pontoon hull drives a fixed-pitch
propeller enabling the skimmer to operate at speeds up to 10 knots. These
engines also drive generators to provide electrical power for auxilliary
functions. The center-section engine drives several hydraulic pumps providing
power for the wringer, forward roller, and transfer pumps. Having its own
power source, the center section operates independently of the rest of the
vessel.

The three engines and the functions they power are controlled from a
pilot house on deck. Controls are manual except for the belt speed, which may
be automatically or manually controlled. Main controls are duplicated in an
elevated control stand. The stand, which swings down for storage, provides an
eye elevation of about 17 feet above waterline to give a better view of ap-
proaching oil slicks. Underway, a helmsman can steer from the elevated sta-
tion while a crewman monitors oil recovery from the pilot house. The third

crew member can monitor oil transfer operations.

Deployment
For fast response to an oil spill emergency the ZRV Skimmer can be

airlifted to the port nearest the spill, trucked to the dock, assembled, and
launched. From there it can proceed under its own power to the spill site.
Two C-130 cargo planes are required for the airlift. The port and starboard

pontoons fit in one aircraft and the center section in another. The three
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sections are stored on steel skids with heavy duty rollers and jacks for
handling. At the dock pre-attached cable slings facilitate assembly. Tapered
pins guide the pieces together and angle brackets are used to join them into
one vessel. After making several piping and electrical connections the skim-
mer can be lifted off its skids into the water. If a large crane is not
available it may be ramp launched.

Normal modes of operation are shown in Figure 7. The skimmer may be
moored in rivers and currents with separate narrow-angled diversionary booms
directing oil to the sorbent belts. Recovered oil may be pumped into a barge

moored alongside or into a temporary storage tank on the bank. In open waters
the skimmer can proceed under its own power, pulling a towable storage bag

behind. Experience indicates that skimming in following seas, that is, "with"

the waves, is preferred because of resulting reductions in turbulence.

Mechanical Reliability

The conventional components of the prototype skimmer have been
designed according to accepted engineering practices to provide good reliabil-
ity. Several redundancies are built into the design. For example, there are
two vessel propulsion means and two transfer pumps. Unconventional compon-
ents —- in particular the sorbent belts and wringers -- have been successfully
tested in a full-scale mock~up. No major reliability problems are expected
with the skimmer.

The sorbent belts are very durable. They should have an operating
life of well over 200 hours, based on belt life tests and mock-up tests. In
fact, the same belt was used during the entire mock-up test program. The
chances of damage by debris are small since the belts lay gently over debris,
with no relative velocity to cause tearing or cutting. Heavy debris is simply
left behind as the belt is withdrawn and light debris is scraped off prior to
wringing. Astroturf is wear-resistant and does not propagate cuts and tears.
The most likely places that damage will occur is at the steel splices.

Damage there can be repaired easily by trimming the ends of the belt and
installing new lacing.

The component with the most questionable reliability is the wringer.
It is the most complex and unconventional piece of machinery in the skimmer.
However, a full-scale mock-up has been successfully tested and evaluated.

Design changes based on information from the mock-up tests should yield
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a reliable prototype wringer. Conveyor plates have been redesigned for

higher strength and better motion control. Hydraulic take-ups are used to
keep the conveyors tight at all times. Also, a lubrication system has been
added for the support bearings. In the unlikely event that a large piece of
debris enters the wringer, the gap will open automatically to avoid overpres-—
suring the conveyor plates. Should one section of the wringer break down the

port and starboard sections can be uncoupled and skimming resumed using only

one belt.

USCG Design Goals

As a result of the Stage 2 test program, technical information on
nine of the USCG design goals is available, shown in Table 3. Appendix A

contains the entire design goal list as modified by the USCG in January 22,
1976.
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III. MOCK-UP DESIGN

Introduction

The USCG fast current oil recovery equipment research and develop-
ment program is structured into three parts: First, a small-scale concept
verification stage; second, a larger scale equipment testing stage and
finally a prototype fabrication and test stage. In Stage I1 the ZRV concept
was proven by coupon tests using belt-configuration and wringer simulators.
The results were adequate to prove the concept but insufficient to verify
full-scale prototype performance. Clearly, the next step (Stage II) was to
design, construct and test a prototype-like belt and wringer/drive mechanism.
The belt sorption properties could not be reliably modeled at small scale so
the belt length and path-of-travel was designed to be full-scale. Since
(within limits) o0il collection performance is linearly related to belt width,
a narrower-than-prototype belt was used.

The Stage II approach was to design and build a ZRV belt and
wringer/drive "mock-up" that had full-scale properties except that, for
economy, one 2-foot-wide belt was used rather than two 3-1/2-foot-wide belts
as in the prototype. Further, the prototype vessel--a costly part of any
advancing skimmer--would not be needed: (1) the mock-up could be suspended
above the water during oil recovery tests and (2) the vessel design could be
small-scale modeled and tested in waves and currents (or speeds) as most
vessel designs are tested.

This approach is valid because in prototype scale the vessel res-
ponds to larger waves (>2 ft), while the belt must conform to smaller waves
(<2 ft and not affecting the vessel). With this reasoning the vessel response
could be obtained separately and at a reduced scale from the oil collection
response. This implies that the catamaran vessel must be designed to avoid
turbulence in the belt operation area between hulls: Otherwise vessel-belt

interactions would occur, violating the modeling scheme.

Basic Configuration

The basic layout of a prototype skimmer was outlined in Stage Il.
The mock-up for Stage II had to conform to prototype geometry, except for
width. Components not found in the prototype but required for mock-up tests--

wheels, sample collection trays and tanks--had to fit into remaining
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space after the prototype geometry was attained. Specific design goals for
the mock-up were: resemblance to prototype, simple operation, easy modifica-
tion, rapid construction and low cost. While o0il recovery performance was
not sacrificed, weight and operating life of mechanical parts were sacrificed
in some cases to meet these goals.

This mock-up, shown in Figures 8 and 9, was designed to be towed by
truck over a narrow test canal for the Houston tests. With wheels removed
and special mounting brackets added it could be suspended between two moving
bridges for the OHMSETT tests. The main framework of the mock-up was a box
of structural steel built from two 50-foot prefabricated steel joists. This
open framework enabled components to be easily mounted within, both in the
initial construction and in later modifications. Mechanical equipment could
be seen and photographed well through this framework. Table 4 lists the

components shown in Figure 9 and describes their functions.

Wringer Design

|

One of the major areas of concentration during the design stage was
in the wringer design. The basic concept of using paired conveyors separated
by an exponentially decreasing gap was good. However, initial investigations
showed that high speeds and loads inherent in the wringing process would
cause considerable design problems. Chain belting originally intended for
the conveyors could not withstand the loads or speeds required. In addition
rough calculations showed that the 15-foot wringer would require on the order
of 500 horsepower to overcome frictional losses.

The mock-up wringer, in its final form, Figure 10, successfully
overcame the speed, load, and power problems. Rather than using chain belt-
ing, the conveyors were made of 4-inch by 24-inch hardened steel plates
welded to a single 2-inch double-pitch conveyor chain. Essentially these
were conventional table-top conveyors. But by supporting the steel plates
with heavy-duty cam follower bearings and keeping the chain taut and con-
strained by guides, these conveyors could be operated at high speeds and
still resist the heavy wringing loads applied. While running the conveyor
chain at high speeds under high tension loads would shorten its duty life,
chain wear was not considered to be a significant problem because of the

relatively short mock-up wringer use.
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Mathematical analyses showed that frictional horsepower losses in
the wringer were directly proportional to wringer length and to the average
compressive load. To reduce these losses, and consequently the wringer drive
power, its length was shortened from 15 feet to 5 feet. Since this would
increase the wringer squeezing rate threefold, tests were conducted using the
wringer simulator developed in Stage I to confirm that belt damage was unlikely.
Also, to further reduce power requirements, GAF EX 745 felt was substituted
in the composite belt in place of the original EX 1017 felt. EX 745 has
almost the same oil absorption capacity as EX 1017 but can be compressed with
only one-third the force required for EX 1017. This was a significant change,
since compression tests had shown that most of the load on the wringer was

caused by compression of the inner felt layer.

Wringer Design Details

Wringing was accomplished in the mock-up by forcing the sorbent
belt through a fixed gap between the wringer conveyors rather than applying a
specific pressure to the belt. Support bearings behind the conveyor plates
were shimmed so that the wringer gap decreased exponentially from wringer
entrance to exit. The high normal loads generated by wringing provided more
than adequate traction to drive, or propel, the belt without slipping.

The wringing loads were designed to be internally resisted by the
wringer and not transmitted to the mock-up framework. The lower conveyor was
welded to the supporting framework. The upper conveyor--identical but
placed upside-down with respect to the lower unit--was supported by four
vertical 2-inch threaded rods extending from the lower conveyor. Turning the
rods moved the upper conveyor vertically so that the gap between the conveyors
could be set. Compressive wringing loads tending to separate the conveyors
were entirely balanced by tensile loads in the threaded rods. This design
facilitated mock-up construction since no special reinforcements were required
in the main frame to handle wringing loads.

In designing the mock-up wringer every effort was made to use only
standard, off-the-shelf components and welded fabrication for expediency and
economy. Components which required machining or other expensive manufactur-

ing processes were avoided where possible.




This design approach worked well in most cases. However, several
problems surfaced. The lower conveyor plates, which had to be perforated for
0oil drainage, were made of thin 1/4-inch steel plate so that they could be
sheared to size and economically perforated by punching. Thicker plates
would have required expensive, time-consuming castings or machining. How-
ever, in order to withstand the bending stresses imposed by wringing loads
the 1/4-inch plates had to be heat-treated. Unfortunately, many of the
plates were too warped for use after heat-treatment and were scrapped.
Because thin plates were used, a large number of support bearings were
required to prevent serious deflection of the wringer plates and the result-
ing variation of squeezing gap across the width of the wringer.

A second problem was warpage, inherent in welded structures. This,
coupled with the coarse tolerances maintained in structural steel, caused
serious misalignment in the wringer framework. Such misalignment made it
very difficult to establish the proper wringer gap geometry.

Finally, another problem, peculiar to the chosen chain and plate
conveyor design, surfaced. During the initial performance tests of the mock-
up at Houston, oil expelled from the sorbent belt was observed being re-
absorbed near the wringer exit. The expelled oil concentrated particularly
in the lower conveyor back-up area and flowed toward the exit of the wringer.
As the wringer plates reached the exit they would separate while negotiating
the turn, allowing oil to spray out and reattach to the belt. This reduced
the wringer efficiency.

Because the thin wringer plates required many back-up rollers,
little space was available to incorporate multiple wipers, or vertical
dividers, to escort the expelled oil from the wringer location. This mock-up
wringer problem was not totally overcome because little could be done from a
practical standpoint without extensive changes. It was minimized principally
by (1) carefully fitting transverse wipers between the cam follower bearings
close to the wringer exit location, (2) installing a 'pre-wiper" on the take-
up roller just in front of the wringer entrance to remove some oil before the
belt enters the wringer and (3) installing sample recovery pans at the

forward drive rollers so that '"secondary'" wringing could occur there.
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These problems for the most part were overcome without major modi-

fications and the wringer worked satisfactorily.

Sorbent Belt Design

Another major problem studied during the mock-up design task was
how to construct the sorbent belt. The belt materials--Astroturf and poly-
propylene felt--were selected in Stage I but no method of joining them into a
durable belt had been analyzed. Methods considered were sewing, stapling,
riveting, and adhesive bonding. After evaluating each method, sewing with
longitudinal seams (only) was chosen as the best way.

The original belt concept was one strip of Astroturf backed by a
single layer of felt. However, the felt surface not protected by the Astro-
turf was subject to damage by the belt handling machinery. A tough porous
cover was needed to protect the belt and also help prevent stitches from
pulling loose. Many types of backing were evaluated for toughness, porosity
and compatibility with the other belt materials. The simplest solution was
to use a second layer oflAstroturf. Several different belt construction
schemes, each belt having a layer of felt sandwiched between two layers of
Astroturf, were cycled 60,000 times through a conventional washing machine-
type wringer with excellent results (see Chapter IX). The design believed

most practical was shown previously in Figure 5.

Belt Tracking

A third major problem studied in designing and constructing the
mock-up was the tendancy of the moving belt to drift to one side or the
other. A mathematical study done in Stage I indicated that there was no
reason why the ZRV belt could not be tracked (i.e., aligned) with proper
control mechanisms. However, very little was known about the control mechan-
isms that could track a wide, very pliable, loose-tensioned belt at high
speeds. Conventional conveyor belts are relatively stiff. They are kept
under much higher tension and are not usually run at speeds over 600 ft/min
(6 knots). Relying on conventional conveyor technology, it was assumed that
the belt could be guided with correctly aligned rollers. Another conven-
tional technique employed was to crown the rollers--make rollers slightly
larger in diameter in the center than at the ends. Belts have been found to

center themselves naturally this way. The long belt span between the wringer
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exit and the forward rollers was supported on a sheet metal trough, slightly
wider than the belt with a 3-inch vertical lip on either side. Vertical sheet
steel guides initially running the entire lengti of the mock-~up were used to
guide that part of the loosely-tensioned belt on the water. These 40-foot-
long guides extended 2-4 inches below the water's surface.

During the initial shakedown of the mock-up in Houston, proper
roller alignment was found to be essential to avoid belt jamming. Nearly all
of the rollers had to be adjusted to center the belt dynamically. The rollers
that had the most effect on controlling tracking were those where the belt
made 180-degree turns: the rear drum, the guide roller just forward of the
wringer and the forward rollers (see Figure 9). Other rollers had little
effect on belt tracking. The crown in the rollers seemed to have no effect on
belt tracking, presumably because the belt was too loosely-tensioned. The
crown in the rear drum and forward rollers was removed after testing began
with no ill effect. Flanges were added to the ends of several rollers to give
them 1-1/2-inch high lips for the belt edge to drift against. These provided
some control when the belt was moderately well-tracked. However, when one of
the main rollers was badly misaligned the belt easily climbed over the flanges,
wrinkling in the process.

In addition to maintaining correct roller alignment, the use of
sidewalls to limit the side~to-side travel of the belt was found to be effec-
tive. Attempts at OHMSETT to run the belt on the water without guides failed.
Above water, troughs with vertical sides like the one running from the wringer
to the forward rollers worked well. The full length vertical belt guides
plercing the water in the Houston tests tracked the belt well but created too
much turbulence at speeds over 4 knots. These guides were eventually short-
ened as much as thought possible to extend from the rear drum to a location
eight feet forward. This change reduced the turbulence and significantly
improved the mock-up performance. When similar surface-piercing belt guides

were added at OHMSETT, turbulence from the guides was seen for the first time

to spray water on top of the belt. Undoubtedly this had happened at Houston

but was not visable because of the nature of the test facility. New non-
surface-piercing guides were subsequently added at OHMSETT which successfully

tracked the belt onto the rear drum after the belt left the water. These

short guides, just in front of the rear drum, were about one foot above the

water's surface. They worked well even when confused waves pushed the belt

laterally. J
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Introduction

IV. MOCK-UP PERFORMANCE TESTS - PART A (HOUSTON)

Part A of the principal confirming tests of the ZRV Mock-Up (con-
taining a 2-foot wide but full-scale belt) took place at Shell's Gasmer Road
Laboratory in Houston, Texas. The test tank was an 875-foot long concrete
trough, or canal, 3 feet wide and 1 foot deep, filled to a depth of approxi-
mately 0.7 feet with fresh water.

Objectives of this series of test runs were to (1) de-bug the
expected belt and wringer drive mock-up mechanical problems, (2) confirm
procedures and apparatus for testing at high speeds--from 4 to 10 knots, (3)
collect full-scale oil recovery performance data (in the absence of waves)
needed to project prototype performance and (4) discover any belt durability
and mechanical reliability problems that might require further design consid-
eration. Objectives 1, 2 and 4 would be met through efforts to accomplish

objective 3.

Test Apparatus and Facilities

The ZRV Mock-Up was fitted with trailer wheel assemblies such that
it could be towed by a 1-1/2-ton truck down the 875 foot canal, the wheels of
the mock-up and truck straddling the canal. Then at a given truck tow speed
the belt speed could be matched, causing a ZRV condition. This would simulate
a prototype skimming vessel, underway in a still lake or estuary. The test
apparatus is sketched in Figure 11 and a photograph of the 75-foot-long truck
and mock-up arrangement during tests is shown in Figure 12.

The best data was collected when an additional truck was employed to

travel down the canal, applying oil to the waters' surface sufficiently ahead
of the mock-up to allow a smooth and non-turbulent oil layer to form before 1
encounter by the ZRV belt. This truck, complete with oil storage, pump and
distribution nozzle is shown in Figure 13 and the nozzle alone is shown in

Figure 14.

Performance Test Scheme
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The test procedure, found to be most viable for these Part A

(Houston) tests is summarized in Table 5. The collection of a "steady-
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was desired. The applied slick length was actually 100-200 feet longer (to
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Figure 13. Oil Distribution Truck
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14.

15.

TABLE 5

ZRV MOCK-UP TEST AND SAMPLING PROCEDURES - HOUSTON TEXAS

Check equipment for readiness.

(a)

Start oil distribution pump . 0il supply valve must be closed.
(b)

Oil-wet belt for approximately 2 minutes

Open o0il supply valve and proceed spreading oil on the test canal with
0il distribution truck.

Begin towing the mock-up at the test engineer's signal. The mock-up
should encounter the oil approximately one minute after it is released
from oil distribution truck.

Bring the mock-up and sorbent belt up to speed.

Begin sample collection at the starting mark of the 300 foot test
section.

Stop sampling at the 300 foot stop-sampling mark of the 300 foot test
section,

Bring the mock-up to a gradual stop.

Check air, water, and oil temperatures. Record sample time from auto-
matic stopwatch.

Transfer samples to calibrated tanks then measure total liquid depth.
Cover tanks and allow samples to separate overnight.

Drain free water then measure oil depth.

Stir samples in calibrated tanks then immediately catch a small sample
for centrifuge analysis. This sample should b?csaken from the center of

this large sample with a small plastic bottle.

Skim unrecovered oil off the test canal.

a)

b)

c)

Originally oil distribution was begun at the start of the tow using the
pump on the mock-up. O0il was encountered immediately after release.
This was unsatisfactory since oil was mixed in the water column as the
belt passed over. Later oil was measured out onto eight 50-foot sections
of the test canal well before starting the tow. This was also unsatis-
factory because wind pushed oil against the barriers separating the
sections. This produced an uneven slick thickness.

Oil-wetting consisted of pumping oil directly on the belt in front of
the wringer. The belt was run at 150-200 ft/min.

Centrifuge analysis was not done on all No. 2 oil samples since they
separated relatively easily. Little water was found in those centrifuge
samples analysed.
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ensure steady-state conditions) but the flow of recovered oil was diverted to
the sample recovery tank only for the sampling length. The remainder of re-
covered fluid (before and after sampling) was routinely drained from the
recovery area to the water behind the traveling mock-up. Using this procedure
the actual sample time for a given run was approximately 46 seconds for a

4 knot run and 23 seconds for 8 knots.

In the early part of the tests (the first 4 runs) a second truck
for oil application was not used. The oil distribution nozzle shown in
Figure 14 was attached at the front of the mock-up, approximately 10 feet in
front of the sorbent belt entry point. Later, for the next 2 runs, it was
placed completely in front of the mock-up tow truck (35 feet in front of the
belt entry point). Results from these tests, particularly at speeds above
4 knots, were found by later tests to be invalid. Low oil recovery rates and
low recovery efficiencies resulted because the nozzles caused unnatural flow
turbulence. Resulting oil-water mixing occurred--even with no structural
parts piercing the water and with the nozzle 35 feet in front of the belt.

Test velocities in the Houston tests ranged from 4 to 8% knots.
Test oils used were diesel fuel oil and two blends of an LVI (Low Viscosity
Index) asphaltic base, cutting stock and diesel oil. These were proportioned
to closely simulate the viscosity/specific gravity/surface tension properties
of residual fuel oilsb. Properties of the three test oils--called '"light",
"medium", and "heavy'" for their viscosity (or specific gravity) characteristics

are as follows:

a) At speeds in excess of 8 knots (1) excessive vibrations due to misalign-
ment in the wringer drive train appeared and (2) the tow truck driver was
concerned about course keeping down the canal.

b) Residual fuel oils were not readily available in the quantities needed
for test. The components blended, however, are fractions present in
No. 6 Fuel Oil.

"




TEST OIL PROPERTIES

Specific Surface Interfacial
0il Type Viscosity Gravity Tension Tension
“Light" 2.7 cp @ 100F S.G. = 0.85 28 dyne/cm 27 dyne/cm |
(Diesel) 3.4 cp @ BOF = 0.86 |
""Medium'' 105 cp @ 100F S.G. = 0.94 ca.30 dyne/cm ca.30 dyne/cm
(Blend) 183 cp @ 80F
"Heavy" 467 cp @ 100F S.G. = 0.95 ca.30 dyne/cm ca.30 dyne/cm

(Blend) 1055 cp @ 80F

Using the collected sample temperature as basis for determining the actual
0il viscosity for each test run, viscosities of 2.5 to 3.4 cp were determined for

the light oil tests, 94 to 140 cp for medium and 520 to 850 cp for heavy.

Performance Test Results

A complete listing of all tests run and data collected in the
Houston test series is placed in Appendix B. Table 6 contains data for test

runs using a 3mm applied slick thickness in which essentially all oil en~

countered was recovered (for 3mm slicks) at speeds of 4 and 6 knots. In this i
case the throughput efficiencies® ranged from a low of 91% to a high of 110%,
the higher value being above 100% either because of experimental error or
because the belt encountered more oil than its width would suggest. O0il
recovery efficiencie