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A full-scale prototype cobble washer was tested in early September 1990 at a site in Woodlawn,
Ontario near Ottawa. This prototype was designed to be used on remote beaches consisting of cobble,
boulder and mixed type sediment. Several criteria including feed material size, simplicity,

heli-portability, throughput and power requirements had been set and were met by this prototype.

The following beach sediment and oil types were used in this study: mixed sediment, gravel and
cobble oiled with fresh, weathered and emulsified crude and Bunker A, at oil loadings of 0.25 t0 2.0%
by weight. This study demonstrated the capability of the prototype to effectively clean contaminated
beach sediment. Cleaned beach sediment contained 0.00 to 0.02% oil. Cold water washing was
adequate for most oil/sediment combinations except those with Bunker A. Bunker A/sediment
combinations required hot water washing and usually a second pass through the rock washer,
Throughput rates of over 16 tonnes/hour were achieved with this prototype.



RESUME

Un prototype, 2 plein échelle, d’une laveuse de cailloux a été soumise 2 des assai au
début du mois de Septembre 1990, dans un champs 2 Woodlawn, Ontario prés d’Ottawa.
Ce prototype était construit pour son utilisation sur divers plages ayant des cailloux, des
blocs de pierre et des mélanges de sédiment. Ce prototype a pu satisfaire les critdres établis
antérieurement, comptant: la taille des matériaux alimentés, sa simplicité, sa mobilité par
helicoptre, le débit de produit atteint et sa demande d’énergie.

Les sédiments de plage et les types d’hydrocarbure suivants ont été utilisés dans cette
étuole: des mélanges de sédiment, du gravier, des cailloux huilés de pétrole brute, de
pétrole brute de vieillissement et de pétrole brute émulsionné, et du Mazout lourd A, avec
des chargements d’huile de 0,25% a 2,0% par masse. Cette étude démontrait 1a capabilité
du prototype de nettoyer efficacement des sédiments de plage contaminée. Les sédiments
de plage nettoyés conteraient entre 0,00 % et 0,02 % hydrocarbure. Le lavage 2 eau froide
était adéquat pour la plupart des combinaisons hydrocarbure/sédiment a I'exception de
celles avec du Mazout lourd A. Les combinaisons Mazout lourd A/sédiment exigeaient des
lavages A eau chaude et d’habitude une seconde passe dans la laveuse de roche. Des débits
de produit dépassants 16 tonnes/heure ont été atteints avec ce prototype.
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1.0 INTRODUCTION

Over the last decade much effort has been given to the development of mechanical cleaning systems
for contaminated sand beaches, However, an oil spill along Canada’s shoreline is more likely to resuit

in the contamination of rocky shorelines.

Few studies have been dedicated to the development of pebble, shingle or rocky shoreline cleanup
devices. Recent spill events on Vancouver Island and in Prince William Sound, Alaska, have heightened
awareness of the problems associated with cleaning gravel/cobble sediment beaches and resulted in

renewed interest in washing techniques.

The purpose of this study was to research, design, construct, and test a prototype moderate-capacity,
heli-portabie, stationary gravei/cobbie washer. The objective was to deveiop a system that couid wash
oil off gravel/cobble that had an oil loading too low for the use of incineration or was inappropriate for

placement in an incinerator.

1.2 GOALS
More specifically, the project was aimed at achieving the following goals:

* design and build a prototype with readily available materials (i.e., culvert, angle iron, etc.) to the
greatest extent possible to permit easy, inexpensive construction of many units in the event of a

spill; and

* design and build a prototype to meet set criteria of: feed material size, simplicity, mechanical



S.L. Ross Environmental Research Limited, in a 1984 study for the oil industry’s Canadian
Offshore Oilspill Research Association (COOSRA), conducted a detailed survey of the coastline of
Canada that identified predominant shoreline types, reviewed available information on shoreline oiling
processes, reviewed the state-of-the-art in mechanical shoreline cleanup and identified gravel, cobble and
mixed sediment beaches as a key Canadian shoreline type for which no mechanical cleanup systems
existed. A gravel washing system was researched, a bench-scale prototype constructed (Figure 1) and
tests conducted (Figure 2) with a range of oil types, washwater flows and pressures and sediment sizes
(1 cm - 15 cm usually; one test used 25 - 30 cm cobbles). A heli-portable mobile full-scale cieaner
(Figure 3) was conceptualized, including loading via small heli-portable 4WD tractors, washing, sediment
redistribution, oil/water separation, etc. The system, as proposed, supported by several small 4WD
tractors, could theoretically clean 22.5 tonnes per hour of gravel/cobble sediment (roughly equivalent
to 100 man hours of manual sediment removal). Research on gravel/cobble beach trafficability,
additional bench-scale testing, construction and testing of a full-scale prototype was proposed in 1984,
but never funded.

The following is a review of available beach cleaning equipment developed since the 1984 COOSRA
study.

2.1 MOBILE PLANT PROTOTYPE (CEDRE, IFP, AND LCPC DEVELOPMENTS)

A research program was undertaken in 1980 with support of the European Economic. Community
and the French Ministry of the Environment to develop a technique for treating oily beaches. The
objective was to define a modular process which could be implemented mainly with availabie and easily
transportable equipment and which would be able to wash polluted sands of variable grain-size
distribution at different stages of weathering. As little work had been done in this matter, CEDRE
(Centre de Documentation de Recherche et d’Expérimentations sur les Pollutions Accidentelles des
Eaux), IFP (Institut Frangais du Pétrole), and the Laboratoire Central des Ponts et Chausses were asked
by the French authorities to evaluate beach cleanup techniques.
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An on-site mobile plant prototype for washing oily sand and pebbles was designed and tested in
1985 by these research groups (Bocard et al. 1986). Composed mainly of a horizontally rotating wash
drum with a screen, a hydrocyclone to separate the sand from the wash water phase and a vibrating
screen for sand dewatering, this unit was mounted on the bed of a semi-trailer along with two transfer
pumps. This project involved laberatory and pilot-scale trials to define the process and washing products
and to select the equipment, followed by the construction and trial of a prototype with a throughput of
20 tonnes of oiled sand per hour.

The equipment was tested in terms of the following main functions:

¢ washing function for the desorption of the pollutant;

*  solid/liquid separation functions to transfer the pollutant to the water phase and leave a wet sand
with a very low hydrocarbon content;

¢ liquid/liquid separation function to concentrate the pollutant in fluid form for subsequent treatment

and recycling of wash water.

A diagram of the elements making up the CEDRE/IFP prototype is given in Figure 4.
Contaminated sand is fed into the hopper by means of a shovel loader then transferred to a drum
scrubber by a conveyer belt. Heated wash water (15-20°C to 50-60°C depending on degree of
weathering) and cleaning agents are added. The sand/water/cleaning agent mixture is stirred and
contacted for approximately 5 to 10 minutes then transferred onto a 5§ mm grate to eliminate the bulky
products such as gravel, stones and seaweed. ' The recovered sand is diluted with recycled wash water
then pumped to the hydrocyclone. The oil-rich liquid phase leaving the overflow is carried by gravity
into the settling tanks. The solid phase (washed sand) leaving in the underflow is transported on a
vibrating belt, for maximum elimination of interstitial water, to a storage area. It is then returned to
the site from which it was taken,

Two series of tests were carried out: one with 15 day weathered oil on sand (recent pollution) and
a second with cil naturally weathered for several months on sand (old pollution). Washing quality was
reported excellent in both cases (recent pollution - 90%, old pollution - B0% oil removal). A throughput

of 18 metric tons of washed sand was achieved. Three types of cleaning agents were tested containing
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varying amounts of ionic/non-ionic surfactants in aromatic/non-aromatic petroleum cuts. It was found
that in the case of unweathered sand/oil mixture, the addition of a surfactant did not improve washing
efficiency. The sand weathered for several months, was more difficult to clean, requiring a washing
temperature of 40°C. The unweathered sand was washed at 30°C. A relatively small amount of makeup
water was required, of the order of 5 to 6 m*/hr. This system is transportabie by highway and is easily

assembled by means of flexible couplings,

The mobile plant, designed for washing polluted sands was put to use following the Amazzone spill
on January 31, 1988. This incident involved about 1500 tons of a highly paraffinic medium fuel oil
along 300 km of the coast of Brittany (Huet et al. 1989). Pebble beaches were polluted, which had been
especially difficult to clean during previous spills. An attempt was therefore made to clean the pebbles
using the mobile sand-washer plant. The plant prototype was very easily adapted to washing the pebbles.
The plant worked smoothly with a load of 20 to 25 m*/hr, using a petroleum solvent as a washing agent.
A total of 1400 m® was cleaned in 10 days. In comparison to other potential oily pebble beach cleaning
techniques, the plant prototype proved very effective (good cleaning and high throughput was achieved)
and competitive (cheaper than quicklime treatment). This technique also offered the advantage of
returning the cleaned pebbles to the beach, thus preserving the pebble bank’s anti-erosion function.

Plant prototype modifications for pebble cleaning included:

* installation of a rinsing device at the exit end of the drum scrubber to rinse off the thin film of oil
and cleaning products as the pebbles pass through the trommel;
¢  attachment of three fire hose nozzles to a bank at the output of the trommel

Results from this washing trial suggested that the use of the mobile sand-washing plant prototype
for cleaning shingle/pebble beaches was entirely feasible. The prototype effectively cleaned a polluted
pebble beach without requiring significant modifications to the existing plant.

There have been no new developments in the area of pebble/cobble washing by the CEDRE, IFP
and LCPC (Bocard 1990),



2.2 HOMER GRAVEL WASHER

The "Homer Gravel Washer” was developed privately to wash oil contaminated gravel from the
"Exxon Valdez” spill in Prince Wiiliam Sound. The system consists of a cantilevered trough and
oil/water separators and heaters. Oiled gravel is manually loaded into the trough. Hot water is added
and the gravel manually agitated for 5 - 7 minutes. Once the agitation is compieted, the water/oil is
drained out one end of the trough by tipping, then the cleaned gravel is removed at the other end of the
trough, again by tipping. The oily water is sent to a separator where the oil is removed and the water

recycled and reheated.
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The oil removal effectiveness of this system was not quantitatively determined, however visual
observations of the final product indicated very good results. The energy usage is likely to be high due
to the large quantities of hot water used. Heli-portability is likely feasible in units. The weight of the
gravel washer is unknown but assumed to be quite high due to the number of steel tanks.

2.3 NORTHWEST PROCESSING INC. BEACH CLEANING SYSTEMS

The Northwest Processing Inc. is a hazardous waste recycling facility which converts dangerous
waste product into resalable products. Some of the materials that the plant is designed to process
include: mineral spirits/oil, gasoline/diesel blends, gasoline/water mixtures, refinery tank bottoms, waste
lubricating oils/solids/water, etc. They have also developed cleaning systems applicable to oily beach

clean-up capable of:



*  removing tar/asphaltic material from large rocks, rock cliffs and shoal areas;
s removing mousse from above and below the water level;
e removing, treating and returning the cleaned saturated sand and gravel mixtures to the beaches.

The systems have optimum throughput rates of 40 to 800 yd*/hr. Assuming a 50% reduction in
efficiency and converting the cubic yard measurement to surface measurements 3" in depth, a small
system would yield approximately 240 yd*/hr. The largest system would cover roughly 4,800 yd*/hr
of oiled beach. These systems can be deployed from barges, skids, excavators or hoes. Heli-portability
of such systems is unlikely {Marshbank 1990). A flowsheet and drawing of a Northwest Processing

system is shown in Figures 5 and 6.

2.4 OILY WASTE WASH PLANT - A.]J. ENERGY INC.

An "Oily Waste Wash Plant" was proposed to the Alaskan government by A.J]. Energy Inc. for
consideration and possible application to the Exxon Valdez spill. A bench scale prototype of the plant
was set-up but mechanical difficulties with one of the pumps prevented any actual testing. Lack of
funding has halted further development of this idea and a full scale plant has, to date, not been built
(Jorgensen 1990). (The U.S. Department of Energy was to provide the funding initially, however a
study revealed the concept to be uneconomical.}

The plant (see Figure 7) is designed to handle a range of sediment sizes, from sand to cobble and
large rocks. A basket arrangement with interchangeable screens of variable mesh size would permit the
selective washing of debris and sediment. The system would make use of readily available materials
(i.e., 35 yd3 dumpsters). The system would be portable and come complete with its own generator and

pumping unit.
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2.5 SUMMARY

Table 1 is a summary of the applicability of existing beach cleaning equipment surveyed during this
study and as well as those investigated in the 1984 COOSRA study. Most research in the area of oily
beach cleanup has dealt with the modification of existing beach cleanup equipment, normally used to pick
up litter, debris or seaweed. Existing systems for washing recovered oily sand/pebbles/gravel are based
mainly on the principle of immersion, whereby the soiled material is immersed in a water/cleaning agent
solution, and mixed in a washing cylinder or drum. The il is then floated to the top and removed while
the cleaned material is removed from the bottom of the vessel and further processed. A database for
cobble washers and related technology, submitted to the Oil Spill Response Centre, Anchorage, Alaska

following the spill in Prince William Sound can be found in Appendix A.
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3.0 PROTOTYPE DESIGN

3.1 DESIGN CRITERIA

A thorough investigation of state-of-the-art beach cleaning equipment revealed that a mechanical

cleaning system was required for use on the following target shorelines:

* inaccassible mixed sediment beaches;

e cobble beaches; and

| SRS DS S Ep
ooulger pedcnes,

In view of the above applications, the following criteria were set for the prototype design:

Feed Material Size; Small sediment (slightly larger than sand grains) to 25-30 cm cobble.

Simplicity: Materials of construction should be readily available; the unit can be
easily assembled on-site.

Mechanical reliability: Drive and support systems to be of common manufacture.

Heli-portability: The system is composed of easily assembled components weighing

under 900 kg (for Bell Jet-ranger transport); components have
external dimensions of less than 200 cm wide x 270 cm high (for C
130 Hercules transport).

Throughput: 20 tonnes/hr, equivalent to approximately 100 man hours of manual

sediment removal,

Manual Loading: The system is to be manually loaded with shovels, buckets, etc
Power Requirements: Small diesel or AC electric motors.

Washwater/Solvent Requirements: Variable pressure/flowrate/temperature capability.
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separated with an APl-type separator.
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3.2 BENCH-SCALE TEST

Prior to designing and building the fuil-scale prototype, the prototype bench-scale rock washer (S.L.
Ross 1984) was refurbished in order to qualitatively determine its ability to remove Bunker "C" oil from
cobbles. Tests with gravel and a range of oil types (other than bunker C) had already been performed
for the COOSRA study in 1984.

3.2.1 Methodology and Test Matrix

The bench-scale rock washer was configured as follows:

drum porosity: low (as per S.L. Ross 1984)
rotational speed: 3 rpm
spray nozzle: Spraying Systems "V-jet" 4005

Water pressure/flow: 400 psi = 0.09 L/s
750 psi = 0.11 L/s
Water temperature:  10°C and 40°C
Spray angle: 30° left (as per S.L. Ross 1984)

The cobbles purchased for the tests averaged from 200-250 mm in size and weighed approximately
10 kg each. For these tests 7 cobbles, with a total weight of 75 kg were loaded into the washer and then
coated with 0.75 kg of Bunker "C", for an initial oil loading of 1% by weight. The drum was then
rotated for 30 seconds to 1 minute until the cobbles were thoroughly covered with oil. At this point the
spray was turned on and the test begun.

Post-cleaning samples of the cobbles were not taken because the Bunker "C" removed from the

cobbles coated the inside surface of the drum and once the drum was stopped, dripped back onto the
rocks. Cleaning efficiency was visually estimated.

- 16 -



The following test matrix was completed:

3 wash times (1, 3 and § minutes) x 2 water pressures (400 and 750 psi)
x 2 water temperatures (10°C and 43°C).

3.2.2 Observations

In general, the size of rock tested was the maximum for the device: Two cobbles tended to stack
themselves against the side of the rotating drum and were carried high up the side before falling; the

imgagt loads on the drum were high: and threa times individual rock

ey - LoRb sl Ha =il aY ssamecy waltw =aa srwns sanwma

The washing process for cobbles is one of the spray flushing oil off the rocks, rather than a

aall nlimn dimer natiam ne wmmbmad fin smcae hambm =zilile moamzcali s mccals alaccian cmdsslaaal pmaade acmd Lial oo
dCliaviadlly auvliUil ay uuviey 11 pll‘-’ LT3R WILL ELavVEl, ad dULI dDIUWEL | LiUE] SPECUS alid uipgue
pressure sprays (400 psi) were most effective.

At a spray pressure of 750 psi with 10°C water the rocks were not clean after 1 minute, were
noticeably cleaner after a 3 minute wash and most of the oil (except a few coin-sized patches) had been
removed after a 5 minute wash time. Similar results were obtained with a 400 psi spray.

With 43°C hot water significant improvements in cleaning were apparent: after a 3 minute wash
time the rocks were as clean as they had been after a 5 minute wash with cold water; after a 5 minute

wash time with hot water the rocks were virtually spotless.

It was apparent that for the removal of Bunker "C" it would be necessary to use a much larger hole
size and greater porosity for the perforated metal than was tested with the bench scale prototype (about
I mm holes spaced 5 mm apart). The Bunker "C" removed from the cobbles had difficulty passing

through the walls of the drum of th prototype.

~J



3.3 PROTOTYPE DESIGN

The prototype design (Figure 8) was based on simplifying the COOSRA design by deleting
movability criteria and feed and output material moving systems. The basic components of the proposed
system were a 3 m long x 0.9 m diameter drum with internal auger flights and two perforated
metal/screening sections for water/oil/fines removal. The general arrangement and piping schematic for
the rock washer as tested is shown in Figure 8. Blueprints and equipment specifications can be found

in Appendix C.

The drum was constructed of standard (1.6 mm thick) corrugated cuivert. Internal auger flights (11
ga. steel) were placed at 45 cm intervals along the length of the drum to increase the sediment residence
time. Angle iron (1"x1"x1/8") was tack welded batween auger flights for reinforcement and to increase
tumbling. One cm holes were drilled every 10 cm over five corrugations in two sections of the drum

to allow for water/oil/fines removal.

Five Vee-jet nozzles, mounted along the legth of a 3/8" SCHS0 pipe inside the drum, were used
to spray water onto the sediment. Wash water was punped with a Hypro piston pump, capable of
delivering 7.35 gpm @ 400 psi. Recycled wash water passed through a visual liquid strainer to remove
fines before entering the pump.

The drive mechanism for the prototype consisted of a 4.0-7.5 hp Lister Petter diesel engine and a
series of gear reducers, chains and pulleys. A 10:1 reduction from the engine, which operates at 1500-
3000 rpm, was achieved using a chain drive. From this point a double vee belt pulley powered both
the water pump and the mill belt pulley used to rotate the drum. The mill beit was placed around the
outside perimeter of the entrance to the drum.

The suppport structure for the rock washer was built frm 3" standard C-shaped channel. The frame
consisted of two idnetical welded sections, bolt connected at two points on the base between the two
triangular sections (shown in Figure 8). This enabled the frame to ve dissassenbled into components
having dimensions which met the heli-portability criteria.

- 18 -



The drum rotated on and was supported by eight neoprene casters (6" dia.) each wiht a capacity of
500 lbs (227 kg). Angle iron bent around the outside perimeter of the drum, formed a track in which

the casters could ride.

The design rotational speed of the drum was 6 rpm, which, with an auger pitch of 45 cm. gave a
residence time of roughly 60 seconds, Wash water (cold) could be sprayed at 35 kPa from 5 internally
mounted spray nozzles at a total flowrate of 30 L/min (1.8 m’/hr). For the prototype, provision were

of hallad_an
N

made for hot-watar g ning of daleg-on

Lidiewe W LWL LAURT VR Gl

oil).
The design throughput of the device was 20 tonnes/hr (10 m*/hr) with a holdup of 500 kg of

The washwater/oil/fines mixture exits the drum at two pérforated sections in the drum and collects
in a simple separator tray placed beneath the device. The fines settle in the first section of the tray while
oil and water move to the centre to0 separaté; oil is skimmed off and the water recycled. Wiper blades
could be included against the outside of the drum to assist in removing viscous oils from the drum
surface if required.

On-site modifications included the following:
- & plywood trough lined with plastic was built and placed at the entrance of the rock washer in order

to facilitate manual loading;

- angled eaves troughing was used to collect water leaving the output end of the rock washer and
return it to the separator.

-19 -



anewsyds Suidid pue wowodurese (rIouad - soysemyd0y g 2ind1yg

YIS DN
oy

INVONRN TN
HIHSVYM MOO0H

Popun] waeany gl Sy 3 §

|

g
T

T
N

i
AN
S

3
&0 WL RIS W 2/

|
1

- 20 -



4.0 TEST SITE, MATERIALS AND EQUIPMENT

4.1 TEST SITE AND SITE LAYOUT

The trials were conducted near Woodlawn, Ontario. The test site (Figure 9) had the following

facilities:

*  water @ 30 L/min minimum (6.6 gal/min) with consumption to a maximum of 2700 IJday
e  water @ 40°C from a domestic hot water tank

®  accesgibla by truck

¢  plastic lined sand/gravel pad 4 m x 2 m x 20 cm (1.6 m) or level ground

4.2 TEST MATERIALS

The following materials were used in the testing of the rock washer.

4.2.1  Test Oils

Two test oils were used, an Ontario light crude oil and Bunker "A". Crude oil was used in three
different states: fresh, weathered and emulsified. Crude oil termed "fresh crude” in the test matrix, was
lightly weathered by air sparging, to at least 10% evaporative loss. The weathered oil was prepared by
spraying fresh crude on the test sediment and allowing it to weather naturally, outdoors for a period of
at least two weeks. The "emulsified” oil was created by mixing 25% crude oil and 75% water in a

drum using a paint mixer. As the emulsion obtained was unstable, some Bunker "A" (roughly 10%)

was mixed with he crude. This resulted i

1
1 LUE - - - aax 6§ Nl 88,
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Figure 9: Test site sketch
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The following table lists the initial properties of the oils used in this study.

TABLE 2
Initial Properties of Test Qils
Test Qil Viscosity (m.Pas) @ 23.4°C Density (kg/m’) @ 21.8°C
“fresh” crude 10 834
emulsified crude #1 41 895
emulsified crude #2 - 967
Bunker A 96 920

4.2.2 Test Sediment

The rock washer was tested with three types of sediment: a coarse gravel ranging in size from 50
to 100 mm in diameter (denoted as 50 mm), large cobble ranging in size from 150 to 200 mm in
diameter (denoted as 200 mm) and a mixture consisting of cobble, gravel and sand in a 45:45:10 ratio
by weight. Sand was added to the mixed sediment to test the rock washer’s effectiveness in removing
fines from the coarser sediment. The test sediment was obtained from a local quarry which provided
the above size ranges.

5 to 4% by volume). Smaller oil

AL T

L

¢ runs with Bunker A, fresh and emulsified crude: the sediment was prepared by mixing known
weights of sediment and oil in a 6 f® portable cement mixer until all the sediment was thoroughly
coated with oil;

*  runs with weathered crude: three weeks prior to the tests, six plots were prepared for weathering
oiled sediment. Each plot consisted of a 2 m? enclosure constructed of 2" x 6" lumber (on side)
lined with 6 mil plastic sheet. In two of these, | m® of coarse gravel was placed; in another two,
0.5 m® of large cobbles was placed and in the last two, a 45:45:10 wt. mixture of cobble, gravel

(8]
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and sand was placed. Appropriate amounts of "fresh" crude oil were sprayed onto each plot using

a "backpack™ sprayer.
4.3 TEST MATRIX

The following was the proposed test matrix for the program.

Rock Size Oil Type Oil Loading
Size (mm) (wt %)
50 "fresh” crude 2
0.5
weathered crude 2
0.5
emulsified crude 2
0.5
Bunker "A" _ 1
0.5
200 "fresh” crude 1
0.25
weathered crude 1
0.25
emulsified crude 1
0.5
Bunker "A" 0.5
0.5
mixture (45 wt% "fresh” crude 1
each of 50 and 200 0.25
and 10 wt% of 0.5 mm weathered crude 2
coarse sand) 0.25
emulsified crude 1
1
Bunker "A" 2
0.25

A total of 24 tests were planned for the program.
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5.0 TEST PROCEDURES

§.1 TEST METHODOLOGY

Figure 10 shows a preliminary test site layout., Photographs of the set-up are shown in Figure 11.

The following were the procedures used for each test.

1. The sediment/oil combination was prepared (using either the 6 ft’ portable concrete mixer for the
Bunker A, and emulsified crude runs or spraying/coating the oil for the weathered crude runs) and
placed in the lined trough at the feed end of the rock washer.

2. The rock washer was started and sprays turned on.

3. The stone was shovelled or manually pushed into the feed end of the washer at a steady rate. Over

necessary, of the test the washer speed and sprays were adjusted to

give optimum cleaning; the remainder of the test was run at the selected conditions. If the oil type
warranted it (i.e., Bunker "A") hot water was used for the spray.

4.  On completion of the test, the processed stone was prepared for the next test.

5.2 SAMPLING AND ANALYSIS

For each test, samples were taken to monitor the following parameters:

Prior to Test
1) viscosity and density of oil

2) concentration of oil in feed determined by weighing total oil applied to a known weight of sediment

During Steady-State Operation

3) oil content in recycled washwater

4) concentration of oil in output (1 sample per run)
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The laboratory analysis of the collected samples was performed by EED at the River Road

laboratories using the following methods:

1) Viscosity:

2)

3)

measurements performed on Bohlin Visco 88 rotational viscometer

Density:

determined using an Anton - Pear DMA4S5 digital density meter as per ASTM D4052-86

Concentration of oil in output:

i)

if)

ii)

three methods were used in this determination.

Processed sediment samples were weighed, then washed for approximately five minutes in a
tared 3000 m! beaker with dichloromethane as the solvent. The cleaned rocks were removed
from the wash bath and ailowed to dry. The sampling bag was then washed in the solvent bath
to remove any remaining oil. The cleaned samples were reweighed and the weight of oil on
the sediment determined.

Oil remaining on the sediment was also determined by measuring the amount of oil removed
from the sediment during the solvent wash in method i). The solvent in the tared beaker was
allowed to evaporate and the beaker containing the remaining oil was reweighed and the oil
mass determined. This method was used to compensate for any silty material removed during
the solvent wash. Weights obtained from both methods were averaged and compared against
the sample weight to gain a weight percentage of oil present on the processed sediment.

The sediment and sampling bag were weighed and washed with about 250 ml of
dichloromethane. The rinsing was collected and filtered using #1 Whatman paper. The
filtered rinsing was evaporated to exactly 10 ml, initially with a rotovap, then finished off
under a stream of N,. The amount of oil (zg) in the 10 ml was determined using a U.V,

spectrometer and calibration curves of known concentrations of oil in water.
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4)

5)

5'3

Emulsion water content in recovered oil:

¢  determined using a Metrohm 701 Karl Fisher automated titrator as per ASTM D4377-88.

Oil content in recycled washwater

*  measurements performed on Horiba OCMA-220 Oil Content Analyzer

DATA COLLECTION
For each test, during steady-state operations, the following was also measured:

washer rotational speed (timed with stopwatch)

washwater and/or diesel spra

A= i

e
=
o)
£
-
I
w
"

sediment throughput rate
sediment residence time



6.0 RESULTS AND DISCUSSION

The full-scale prototype rock washer, tested with gravel, cobble and mixed sediment showed
promising results. These are given in Table 3. The following parameters were monitored throughout
the trials: oil in output, emulsion water in recovered oil, oil in recycled water, throughput rate and
residence time. Oil in output, throughput rate and residence time have been plotted as a function of il
type and loading for each rock size tested (see Figures 12a-c). Visual and photographic observations
of the test sediment were also made, at the beginning and at the end of each run. Table 4 outlines the
visual observations for each run performed and the photographs are found in Figures 13 to 16.

Some changes to the original test program were made once on-site testing began. It was found that
an oil loading of 2% exceeded the amount required to completely saturate the test sediment, and resulted
in oil collecting in the bottom of the loading trough. An oil loading of 1% was therefore used, except
in the case of the weathered oil. This oil was applied 2-3 weeks prior to testing; in two batches on
separate days in order to allow the oil to dry onto the sediment. Most of the oil applied in this manner
remained on the sediment, even at the higher oil loading, Several of the runs originally planned for
testing were omitted. Some of the 0.25% oil loading runs were omitted if the same sediment with a high
oil loading was successfully cleaned after one pass through the rock washer. It was assumed that if
heavily oiled sediment could be successfully cleaned, lightly oiled sediment would be as well. A total
of 19 runs were completed, as well as three reruns for sediment which was not satisfactorily cleaned the
first time through the rock washer.

6.1 OUTPUT OIL

The rock washer performance was evaluated quantitatively by determining the amount of oil
remaining on the processed sediment and qualitatively by making visual observations of the test sediment

before and after each run.
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a) ROCK SIZE = 20 mm
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0.2 1
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Q.0+

OlL LOADING
¢) ROCK SIZE = 200 mm

OlL LOADING
b) ROCK SIZE = mixture
1.8
0.8+
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195 028% 208 420 1M w/e 12K ne
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crude eruee arude '
OIL LOADING
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Figure 12: Test results as a function of rock size and oil type

-32.



[oARIT yum opnId Ysalj

g1 208

1010




S[4Q0? YIM BPRID PAIMNTAIM | nTig

21032q

- 34 -



beforg

Emulsified crude with mixed sediment

Figure 15:
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TABLE 4

Summary of Visual Observations of Processed Sediment

Completely Ciean

Light Sheen

v B . o T
LIgnt oneen win

Many Large Spois

Presh crude - 50 mm - 0.5%
Fresh crude - mixed - 0.25%
Weathered - 50 mm - 2%*
Weathered - 50 mm - 0.5%
Weathered - 200 mm - 1%*
Weathered - 200 mm - 0.25%
Weathered - mixed - 2%
Weathered - mixed - 0.25%
Bmulsified - 200 mm - 1 %*T
Emulsified - 200 mm - 0.5%*
Emulsified - mixed - 1%

Fresh crude - 50 mm - 1%

no.

P 1
riesn

crude » 200 mm - 1%
Fresh crude - mixed - 1%
Emulsified - 50 mm - 2%
Bunker A - SO0 mm - 1%}
Bunker A - 50 mm - 0.5%+

Bunker A - 200 mm - 0.5%*t

Small Spots 2nd Wash Required
Emulsified - 200 mm - 1%  Bunker A - 5
Bunker A - 200 mm - 0.5%* Bunker A -5

Bunker A - mixed - 1 %*

0
i

min -

g

m

1
¢

%*
5

[ A

* = hot water wash

t = sgecond wash
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6.1.1  Quantitative Analysis

The oil content in the output sediment was determined by collecting sediment sampies at the end
of each run and analysing for remaining oil. Some difficulties were encountered with the laboratory
analysis of these samples. Several methods were used (described in Section 5.2) to determine output
oil. Two gravimetric methods of analysis were used first which involved removing the oil from the
sediment by solvent washing and weighing the samples before and after washing, as well as weighing
the removed oil. However, the balance used in these determinations was not reliable, therefore results
obtained had a large error (up to + 20g). Also, this method did not account for the presence of silt on
the sediment, which would have been removed to some unknown degree with the oil during the washing
step. Because of the small oil-mass to sediment-mass ratio, even small amounts of silt removed trom
the sediment would significantly affect the results obtained. Silt removed with the oil would erroneously
increase the percentage of oil in the output. These results are therefore not reliable and do not
accurately represent the amount of oil remaining on the processed sediment. This is particularly evident
in the following runs: i) 200 mm - emulsified crude - 0.25% oil; ii) 200 mm - Bunker A - 0.25% oil;
and iii) mixture - weathered crude - 0.25% oil. The percent oil in output for these runs was found to
be higher than the initial percent oil loading despite the fact that the visual observations clearly show the
rock to be clean after passing through the rock washer.

In general, the numbers obtained for oil in output using the above methods were much higher than
expected (0.1 - 0.9 wt %). Unfortunately, most of the samples were anlayzed using the above two
methods. As these results are not reliable, they will not be further discussed. They have, however,
been included in Figures 12a to 12c.

The remaining samples (those marked with an asterisk in Table 3) were analysed for oil using a
third method (see Section 5.2). This method involved extracting the oil from the sediment and silt with
a known volume of solvent, then determining the percent oil in the solvent by UV spectrometry. Percent
oil on the sediment was thus determined independently of any silt removed from the rocks. As expected,

these numbers (in the 0.0 - 0.2% range) are much lower than those obtained using the previous methods.

In order to discuss the overall performance of the rock washer as a function of sediment size and

oil type, the visual observations will be used.
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A qualitative analysis of the rock washer’s performance was carried out, by simple visual
observation of the test sediment before and after each run. Photographs of the test beach sediment taken
before and after passing through the rock washer are shown in Figures 13 to 16. A scale rating used
to describe the degree to which the sediment was cleaned was set up as follows:

- sediment completely clean
- sediment essentially clean but with a very light sheen of oil remaining

nl ¥ nF nil ramainine Aan eadinm
- !lgh{ sheen and the occasional SpOt OF Ol TeMmailIng on sediment

- large spots of oil remaining on sediment - second washing required

Wt = O

This scale rating appears in Table 3.

Table 4 is a summary of the visual observations made at the completion of each run. The results
indicate that for approximately 50% of the runs, the sediment was completely cleaned, and that for
roughly 70% of the n of oil

runs, the sedimen

<
-

remained after washing. These runs consisted mainly of sediment oiled with fresh or weathered crude.
All sediment/weathered crude combinations became completely clean after a single pass through the rock

washer. After processing, sediment oiled with fresh crude, at the iower initiai oil loadings (0.25-0.5%)
was completely cleaned, while a very light sheen of oil remained on the sediment oiled with fresh crude
at the higher oil loading of 1%.

These observations indicate that the ease with which the oil types tested are removed from beach
sediment is as follows, in order of increasing difficulty: weathered crude, "fresh” crude, emulsified
crude and Bunker A. Crude oil, in its various states, was much easier to remove than Bunker A. As
expected, Bunker A proved to be the most difficult oil to wash from the beach sediment tested, requiring

the use of hot water and/or a second pass through the rock washer.

It is difficult to determine from the visual results if the cleaning efficiency varied with sediment
type. Previous tests indicated large cobble was cleaned by the spray flushing oil off the rock, while the
washing process for gravel and smaller sediment was enhanced by the self-abrading action of the

sediment. Although a great difference in cleaning efficiency was not observed among the sediment types

tested the mixed sediment did seem to be sli
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While the quantitative analysis of oil in the output determined by the gravimetric method was
unreliable, the results obtained by UV spectrometry were consistent with the visual observations made
of the processed sediment. Oil in the output for gravel and Bunker A (1% and 0.5% loadings) was
0.02%, the highest percentage measured UV spectrometry. Visually, some large oils spots remained
on the sediment and a second wash was required (which corresponds to a "3" on the visual rating scale).
Processed sediment for runs where the oil in the output was determined to be 0.01% or less by UV
spectrometry, were also observed to be either completely cleaned or to be covered with a light sheen
of oil (visual rating scale of "0" and "1"}.

The above comparisons would suggest that, though the visual observations may-be somewhat
subjective, they do offer a fairly reliable means of evaluating the rock washer’s cleaning efficiency.

6.2 SEPARATOR EFFICIENCY

The purpose of the separator tray was to collect the wash water/oil/fines mixture exiting the drum
and to separate the components of the mixture in such a way that oil could be skimmed off and water
recycled back to the rock washer. Oil content in the recycle was water was determined in order to
assess the separator efficiency. Separator water was sampled from the spray nozzles as it was recycled
back to the rock washer. Samples were taken during several of the fresh, weathered and emulsified
crude runs. No samples were taken for the Bunker A runs since fresh hot water was used to wash the
sediment and was therefore not recycled. The recycle water data obtained are not accurate measures of
the oil concentration in the separator water, but rather of the quality of water recycled and used to spray
the oily sediment. The separator was not emptied between runs, therefore oil from previous runs is also
likely to be present in the water as well as oil removed during a current run. The data showns that this
separator was effective in separating oil from water. Water recycled back to the rock washer contained
oil in the 20-400 ppm range. Also, as seen in Figure 17, the separator effectively collected tines and
sand washed from the sediment. This observation also indicates that the hole sjze of | c¢m used in the
two perforated sections of the drum was adequate.
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Figure 17: API-type separator
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6.3 OPERATING CONDITIONS

It was found that cold water washing with a water pressure of 700 kPa was sufficient for all
oil/sediment combinations except those involving Bunker A. Large oil spots remained on the sediment
oiled with Bunker A when washed with cold water, after one pass through the rock washer. The rocks

were much cleaner after a second pass.

The drum rotation speed was maintained at approximately 5-6 rpm during all runs. It had been
planned to vary the rpm, however it was not possible to vary the diesel engine speed in such a way that
a change in drum rotation was noticed. A drum rotation speed of 5-6 rpm gave a theoretical residence
time of 60-80 seconds, which in fact was the range obtained during the trials (see Table 3). This was
sufficient for most runs, with the exception of those involving Bunker A. Longer residence times (lower
rpm) combined with higher wash water pressures may have improved the cleaning efficiency in the case
of Bunker A contaminated sediment.

The rock washer was manually loaded by two or three people using shovels and rakes. Two people
were also required at the output to shovel cleaned sediment away from the end of the drum. Throughput
rates varied from 2.7 to 4.8 kg/sec (10 - 17 tonnes/hr). The average throughput rates for cobble, gravel
and mixed sediment were 4.0 kg/sec (14.4 tonnes/hr), 3.7 kg/sec (13.3 tonnes/hr) and 3.4 kg/sec (12.2
tonnes/hr) respectively.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS

This rock washer trial was successful in that the prototype tested effectively cleaned oily beach

sediment. The following conclusions have been made,

L.

ad

Average throughput rates of 4.0 kg/sed (14.4 tonnes/hr) for cobble, 3.7 kg/sec (13.3 tonnes/hr) for
gravel and 3.4 kg/sec (12.2 tonnes/hr) for mixed sediment were achieved. '

The ease with which the oil types tested could be removed from beach sediment was, in order of

increasing difficulty: weathered crude, "fresh" crude, emulsified crude and Bunker A.
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a second wash in most cases.

The hole size of 1 cm in the two perforated sections of the drum was adequate for the removal of
washwater/oil/fines mixture. Wiper blades against the outside of the drum (not included in this
prototype) to assist in removing viscous oils from the drum surface, may have been useful, but were

not required for the oil/sediment combinations tested.

The API-type separator used to collect the washwater/oil/fines mixture leaving the rock washer at
the perforated sections was effective in separating this mixture. Oil and emulsified oil separated
from the water and floated to the surface, while fines collected at the bottom of the separator. The
water, which was recycled and used for washing the test sediment contained between 26 and 256

ppm oil in water.

Overall, the materials and equipment chosen for this rock washer prototype were found to be
adequately suited to this purpose.



7.2 RECOMMENDATIONS

1. This rock washer prototype is not mobile and is therefore limited in its applicability to actual beach
cleanup operations. However, knowing that the concept tested is effective, construction of a mobile
cobble washing device similar to the prototype tested, deserves serious consideration. One
possibility would be to have the rock washer mounted on independent wheels, towed by a tractor
and powered by the tractor’s PTO.

2. Possible improvements to this prototype might include the following:
i) using diesel at the first spray nozzle to soften oil particularly in the case of sediment oiled with
Bunker;
ii) decreasing the drum RPM's when washing Bunker from sediment - a longer wash cycle might
improve output 0il concentrations;
ili) increasing the water pressure - although the laboratory tests indicated this factor had only a
small effect on the results obtained.
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ROCKWASHER USER’S GUIDE



The rock washer prototype was designed to evaluate this concept as a useful aide in cleaning oil
contaminated gravel/cobbie shorelines. Although this prototype is portable (i.e., it can be disassembled
into sections for transportation by helicopter or truck), as designed it is not mobile (i.e., cannot be
moved along a beach without diassembling), which seriously limits its applicability to a shoreline cleanup
operation. Material to be processed must be excavated, transported to the cobble washer, then returned

to its original site.

[y

Start-up
* Diesel engine is started according to manufacturer’s specifications. All connected equipment
(water and diesel spray pumps, drum) will start up with the diesel, therefore all necessary hook-
ups should be made prior to start-up.
¢ water temperature and spray nozzles can be adjusted after start-up. If cold water is used, it
can be recycled from the separator back to the rock washer.
2. Loading
e Oiled beach material is shovelled or loaded by hand directly into the running washer.
Alternatively, a trough can be set up in front of rock washer input to funnel the sediment into
the washer. This task requires at least two people.
3.  Unloading
¢ Processed sediment is shovelled away from the exit to avoid pile-up and obstruction of the
drum rotation. The cleaned sediment can be shovelled into wheelbarrows and returned to its

origin. Sediment which is not adequately cleaned is returned to the loading end of the rock

4.  Separator Tray
¢ The separator tray, collecting a mixture of washwater/oil/fines must be emptied periodically.
Once the mixtre setties the oil can be drawn off and sand and fines shovelled out. The oil

and fines should be stored until proper disposal is arranged.

5. Safety

*  Ear protection is recommended while operating this unit.



APPENDIX C

ROCKWASHER BLUEPRINTS AND
EQUIPMENT SPECIFICATIONS
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PISTON PUMPS | :_

DELIVER VOLUME AND HIGH PRESSURE @»E
NEEDED FOR EFFICIZNT SPRAYING OR CLEANING

TWO SIZES

INLET VALVE

8 GPM ~— up o 400 PSI
Model C5208N with 1" solid shait

Madal CEANEHN with 1.3/8" PTO shaft

MY Wilhwwrise

OUTLET VALVE
PISTON ASSEMBLY

0GPM — up to 400 PSI
odel C5210N with 17 saild shaft
Model C5210HN with 1-3/8” PTQ shaf

SHIPPING WEIGHT EACH: 18 |b

REPLACEABLE
CYLINDER
SLEEVE

QUTLET "ORT
%" NPT

MAIN REARING
GREASFE FITTING
CAM BEARING
CONNECTING RO

TN BYE e
Yila s 5 PEva

SPECIFICATIONS

VALVES:Stainless steel, Unitized.
Suctinn and discharge identieai,
but inztalled in reverse neder.
BEARINGS: Main lleavy Dury,
double-row bail hearing. Factory
jubricuted, Cam sealed roller type.
heavy duty. Equipped with
LUBREDISE ringx — permits
100 ke, groasing schedule.
PORTSA" NPT, ©
CRANKSHAFT: 1" aalid ateel for

W NPT belt or flexible coupling drive.
TN Hollow for direct mounting on
MOUNTING BASE standard 1-3/8" tractor PTO,
PISTON CUPS:Chaice of leathe:r
L‘qi.‘\w:‘t_»' wew of Series 3200 fruflip is it H » ¢ ‘_ I ,
shown tets without safely shield so e ruh'hcr impregnaled 1‘.lbrlc
piston par s and cam bearing can he - - CONSTRUCTION: cast-ivon hous.
sear. Do ot operats pump without ing and eylinder head. Eloctroless
‘.4 thig shield in place. nickel plated available on special

roquest,

Available in two sizes, the Hypro BIG TWIN™ Platon Pump has top
rapacities of 6 and 10 gallons per minute, developing 3 maximum
pressure of 400 psi (see performance table on other side).

T'se it 15 1 sprayer pump to apply a wide range of chemicals — in.
clyding wettable puwder suspensions — for weed ar pest control. Use
it as a high presaure washer to clean cars, trucks and other equip-
muent; animal pens and farm buildings.

This versatiie piston pump comes with your choice of pistan cups —
rubber impregnated fabric or leather. Rubber cups are used for water
soaps snd detergent solutions, Leather cups are used for pumping
inserticides, herbicides. aromatic solvents and other liquids injurious
Lo runher,




MOUNTING DIMENSIONS
IN (NCHES
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with atub snait Na. 1200.8

H FORMANCE

TABLES

——

PRESSURE - In Pounds Per Square inch

PRESSURE = In Pournds Per Square Inch

ol BAAD
#1 Lo
SPEED
{Rev. Per
Minule)
400 3.89_ 290381 37 380 .82{ 3.80 88! 2.88 1.i¢
5GC 485 36| 483 .48 4,83 .80] 4.80 V.92 4.85 1M
£40 85.17 40| 5.1% .24 814 4] 512 1.20] §5.00 1.50
800 58548 [ 834 &0 583 90| 8.0 1.20] S840 _1.78 FOR ELECTRIC M
$00°*° 7.48 80 (747 .78 745 1,12 7.4 1.85] - - QR GAS ENG:NES‘I‘.‘OJE

Series 5200 pump ran be powered
by elecLric mator or gas engine with
belt and puilay drive, or by direct
Qlexible ¢oupling drive and spud

Minule) HE [l P HP reducer {with motor or engine
400 779 .81 7.70 M| 7.88 1.12| 7.48 1.600 7.3% 2.1 f~ reduced to 500 RPM). Shown abave
560 | 930 83| 92 48] 9.1 1.52] 8.00 1.80] 090 2.5 Tt b e A with
e e 210 v U1
340 1:.32 .s: 9.01 135 9,69 1.55] 9.88 2.02]| 9.40 2.80 direct coupled to T-HP Briggs and
aae ,43 .9 10.85 1.19] 10.41 1.58 10. 30 2. 11 10.18 w Seratton “gin. wilh gpe‘\d re-
ducer),
s sy !
PERFORMANCE : s ey ———
k.
NOTE: . 2 s gl o
Test performed with one-foot suction L S— .
lift, water at room temperature, Figures )
will vary with different installacion. 1& ot g = e | o]
Horsepower shown ix for electrie mator, I = w = ——
For gea aagine. follow manufacturer's E'g"‘----—-- i - P e
recommendations. Limit incoming pres- w 5 : J'. .
sure to 20 pai when - equipped wilh 30 ¥~y o
] ! : ar.f“'z.i?"uu--*---------
zt_:c.uon side iancw:“ . - ! Ll I N
*2AL speeds over 600 RPM, limit pres- L= ﬁ P"'n.;'iﬁnrm—-—-—i ---....,'
sure.  Use 1l-inch  suctlon  hose, i, s
large area sirainer and high capacity 5:*3 "’G"?;'?}’!:E:‘::m:rm.? -+
relief valve. NI ,.-:_;.'-- -
1 .Els- ": %;@k:.fl_ e — Sl
Y N Y 1 -] - T - 1. T V. TV .-’ H -'- . ":‘\"R.;"‘ :.ﬂ‘,-"" o - -t
VU RVUR LUDBAIVATIWVN W e a"@wm—. "
JUBRI-DISC Ringd reducs friction within the cam | r .—-:;:ﬁ", ,"-',.'i..vh\""‘ !
wiring increasing bearing performance. Dadly S s S [ 3
Teasing schedule is NO LONGER NECESSARY. | | ‘ ,f ' |
ashrieate cam hearing through grease fitting every EY S S ‘ e e }
00 hours (or monthly, whichevar comes firar} with j , M LY B0 aq
thiym No. 2 tan automobile gresse avuilable at #il P e i 7
t

uic service stations). Mamn bearing iz [accory
“sLad, reguiring no further servieing.
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31-106-TD 31-406R-TD 31-4068-TD
Whael Wheet Trasa Twed  Trese Loed  Losd [PV—— Alggd Swivei  Swwe Oversl  Ovenl
Dismeter Diwmm Wigth  Wrivmm  Mstenal Capriys Caguieg Troe Modgel Madei Radgius  Raarmm Mewght Hghtrmem
DARCOR NEQFPRENE -~ NON-MARKING AND NON-STAINING - USED ON ANY FLOOR SURFACE
S 50 Neoorene 400 182 Scuer  31.404.TD T 4&49- 3580 92 558" 143
z 125 2 50 Neoprenas 48] 208§ Reuer  11-408-TD TIQSHRlN  4-1/4" 108 B-11/18° 170
150 2 £0  Neaprene 300 227 Acuer  31-406-T0\ GLAGER.-TED) <58 117 7-11/16° 195
§F 200 2 30  Necorene 30 227 Acier  31+408-TD \J1-408R.T S.3/4° 148 938" 248
DARCOR SOLID ELASTOMER - VERY LOW STARTING AND ROLLING RESISTANCE
] 75 2 50 Soiia Slastomer 360 409 Roler  31-403.TSE 31-103R-TSE  3-1/4° 83 43w 121
y -] z g Solig Elastomer 900 <09 P- Zal  31-403.PSE 31-403R-PSE  3-1/40 83 &3 121
2 0 5 Solid Elastomer 3C0 <09 Ralgr  31-404.TSE 31-104R-TSE 358" 92 558 143
& 0wz 50 Sotd Elastomer 3C0 <09 Po Sal  31-404-PSE 31-404R-PSE 358 92 5-58" 143
3 128 2 30 Soia Elastomer 1CCO 353 Scuer  31-405-TSE 31-408A-TSE Lt/ 08 51116 170
3 - 30 Soig Elastormer (0CQ <53 2+ 3al  31.408-PSE 31-20SA-PSE 42t 108 B-11/18" 170
& ‘50 T 2 Soug Sasemer 000 453 cuer  I1-406-TSE I1-06AR-TSE 458 T TeiT/16° 195
& H=e I 50 Soug Slasicmer 1000 <83 5. Zal  21-208-PSE 31-4CER-ASE 458 11T 7-1N/16% 195
¥ isis] 2 B Soig Eilasicmer 1000 €3 Scner 31.308.TSE 31-JCER.TSE 3304 va6 934 248 e
e el B o 33 Zoug Sastermer (000 2SS 2 Sal 31.408-PSE 3I-CEBR-PSE S3M4 t46 24T 248
DARCCR SEMI-STEEL - CROWNED S:.JI-S"‘EEL CASTING
> TS -7 8 SemnStee: ®C 09 Ecuer  2-203-TCH 31-203R.TC1 340 33 ayat 121
- 'co g 48 Sem-Steei Q00 483 Senar 21.404.TCl  21-Q<4R-TC! 3-58 32 5-3/8° 143
3 26 -7a 48 3ame-Steel 1600 453 Saner I1-<0E-TCl  31-208R.TCH ERA icg A118° IT
5 ‘S0 T8 8 Sem-3tam ‘000 253 Jgner  11-CE-TC IT-CBA-TC! L3 17 T8 198
3 ;e T 3 Zemn-Stea ol I Zouge  T208T 11A08R.TSL S50 45 e 248
DARCOR V-GROCVED - ECCNOMICAL HANDLING CF HEAVY _JADS TN ANGLE TRACK
iy ‘ca I 30 ~3rcove 0 8- Igiar I1eeaaTIN IGLASTCY O 39380 320 33,80 143
z 28 3 -Grogve o0 283 Iguer  IT.d08.TCY TAGER-TCY Lt X LA G 11E T

MIVEL (2TCKS - -cg atrer B

IR AES - -‘-vanar 290 308 ang 37 Twival Mogas. ~gg 'aner 3 Lacus Swivar ana ‘Vheet
=IUR PTSITICN

313488 INd Swr 4 ACKS J3ANNOL 2@ CSMOWNEC GN same casier




