Report No. cg-p-55-76
Task No.  4108.7.2.4

>

TESTS OF OIL RECOVERY DEVICES IN 2
BROKEN ICE FIELDS

; PHASE II

-~

L. A, SCHULTZ

ARCTEC, INC.
9104 RED BRANCH ROAD
COLUMBIA, MARYLAND 21045

025748

January 1976

FINAL REPORT

Document is available to the U. S. public through the
National Technical Information Servic'c,_ :
Springfield, Virginia 22161

Prepared for

U. S, DEPARTENT OF  TRANSPORTATION
UNITED STATES COAST GUARD

office of Research and Devellbpment
Washington, D.C. 20590




e TS o i

o " i "x g I THAtnR B
d A s # G 4 Y/
J
v 3 {
ML
3
& Y
NOTICE

This document is disseminated under the sponsorship
of the Department of Transportation in the ‘interest of

information exchange. The United States Government
assumes no 1iability for its contents or use thereof.

The United States Government does not endorse products
or manufacturers. Trade or manufacturers' names appear

herein solely because they are considered essential to

the object of this report.

The contents of this repbrt.do~not_héces§arily‘reflect the

official view or policy of the U. S. Coast Guard and do

not constitute a standard, specification, or regulation.

W. L. KING :
Captain, U. S Coast iiard

Chief, Environmental and
Transportation Technoloyy Division
Office of Research and Development
U. S. Coast Guard _
Washington, D. C. 20590

e Saclieg
o T R

| i i e M 4 B i LSS

f.’E'.'i'.fﬁTlﬂ;"“ﬂUHl!ﬂ GOnES
——i VAL md/r W G

T
/




"'Ir_n Technical Report Documentation Page

1. ﬂ‘tpnr! N 2. Government Accession No. 3. Recipient's Catolog No.

) cr.:]-fn- 5-76 1 |/

d, Tl!

TESTS OF QIL RECOVERY DEVICES IN QROKEN
ICE’ FIELDS ,

“pHASE 1T [
=1
|

ming Urganization Nome ond Address e
AR TEC, Incorporated ‘ rjc
9104 Rad branch Road (440 47 ?,0*
Columbia, Maryland 21045 J

|5 RaponiOate
Jang 76

Tifalian Lode

8. Paerforming Organization Report No.

27@ w

10. Work Unit No. (TRAIS)
4108,7.2.4

- 2 Grant No.
DOT-CG-51487—A{ —

13. Type of Repert and Peried Covered

12, Sponsoring Agency Name ond Address
Department of Transportation

/\\. e
N Q ‘Em @

Final Aepp@t - L '
United States Coast Guard | Julyhars - DecqnhllltSL;]
Office of Research and Development SR ety Cos

Washington, D.C. 20590 U.S. Coast Guard

15. Supplementary Notes

h

Pests conducted with the 0SI, JBF, and 01 Mop units were more e]ementary in nature

|6 Abstract
his final report summarizes the results of tests conducted in broken ice cover

with crude oil and No. 2 fuel oil of five 0il spill recovery devices manufactured by
Lockheed, Marco, Ocean Systems, JBF Scientific, and 0il Mop. Additional tests were
conducted to determ1ne the natural spill thickness of crude oil and No. 2 fuel oil in
open water at low temperature and in broken ice cover.

The spreading tests indicated that thin oils will spread to a very thin layer whether
in open water or in broken ice cover. Heavy 0ils in broken ice cover will achieve a
natural equilibrium thickness many times greater than the open water thickness due to
the partial containment of the oil by the broken ice pieces.

The oil recoveky tests demonstrated that modifications made to the Lockheed and Marco
devices did improve their performance when operating in_broken ice cover.sIce inter-
action problems-experienced with the Lockheed unit were eliminated thrt uqh the addi-
tion of protect1ve guards below the waterline. Tests conducted with various types of
ice processing equ1pment attached to the Marco unit revealed performance 1mprovements
of as much as 59% in oil recovery rate, 230% in oil recovery efficiency, and 56% in
throughput efficiency in comparison to the unmodified unit.

and JBF units indicated that modifications would be required to ad them for satis-
factory operat1on in broken ice cover. Tests of the 0il1 Mop unit indicated that it

and did not incorporate modification of the devices for use in ice, Tests of the 0SI
has promise in applications involving heavier 0ils, i z

17. Key Words 18, Distribution Statement

Pollution, 0il Spill Recovery, Arctic Document is available to the U. S. public
Poltlution, Arctic Operations, Ice through the National Technical Information
Operations Service, Springfield, Virginia 22161

19. Security Classif. (of this report) 20. Security Classif, (of this page) 21. No. of Pages 22. Price
Unclassified Unclassified 170

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized

Ko7 52



PREFACE

The guidance, assistance, cooperation, and support of
Lt. J. H. Getman, the U.S. Coast Guard's Technical Representative
for the program, contributed substantially to the success of the
program and is gratefully acknowledged.

Acknowledgement and appreciation are also extended to the
employees of ARCTEC, Incorporated who participated in this program.
0. M. Halstad was largely responsible for the conceptual design of
the laboratory testing equipment and the ice processing equipment.
The construction and installation of all equipment, and the conduct
of testing were under the direction of D. L. Benze, Laboratory
Manager. In addition to Mr. Benze, the primary test team consisted
of D. E. Abrams, Senior Technician, who was responsible for data
collection and reduction, and Technicians T. Jeffrey and H. Huber.
Other participants in.the project included P. C. Deslauriers,

J. Toeneboehn, R. Shelsby, L. Schnebelen and W. Hennessy. The
entire project team is to be complimented on the excellence of
their performance under very difficult working conditions.



METRIC CONVERSION FACTORS

Appreximate Conversiens frem Metric Moasures

o T T

Sywbel

Meltiply by Te Find

When You Kaew

i

When You Naow

Symbel

15z%1

.....

LERGTN

te2i

AREA

Fbeel
€T 3T (1T |0¢ [ 1 n 0
whmdmmhAMmeMMmﬂw
'I'|'I'|'I'|'I'l'I'I'I'|'l'|'l'l'l'|'I'|'I'|'l'
] 1
i Ebes
I -
s 3 i
P Hil
t
£
s I
s 3 El o e
; ; g Ngeo-
g s
i

IIIIIIIII

0.
1B
[ X ]
28

square meters
squere kitgnetery

hocteres (10,908 w)

ALY ¥ s
oovie mon
IIII!IHI lllllllll IIIIIIIII Illllllﬂllllllllll

|l|l|l|l lllll'llllllll'lllllllll
3 s
11\'} 2 oF.

.....

OOOOO

0.038
22

.9

tonnes {1000 byl

hitlopens

VOLUME

(]

llll|lll|
lllllll

mittititers
T cwlbic meters
Colsive

thwers

4

votu

) P Yy &
€ 8 (L s s ¥
|||l||||||“|||l||| ||||||||| ||||‘|||| l|||l|l||
llllllll'llllll'lllllll

3 3

FEE----TE"E

cubic meters
cubic meters

wiltiliters
milliliters
milfiliters

liters
tivers
litors

TEMPERATURE (exact)

!!: 0“1"8%

IIIIIIIII

.m

b SLLEGE I B A A SRR (i S S RN L Al
:IS [ %] f
I :Eg—]:.‘i:’
i 'i 1
it |
§ e}
< e 1%
& !ﬁ | B
i 53!5‘3 g 5‘ 8:-°
s 1
= 31;-0

AL
L} Ll

°re
'
t
20k 4
[ |
€ t 1
wd
Illllllll IIII’IIII IIII'IIII
Illlllllillllll I'IIIIIIIIIIIII
l 1 inches
&

;f

Cel

/9 (sfver
ning No. C13.10-286.

)
Fr other enact Coversiong and mare deta: lad 1ables, sen N8BS Misc. Puhl. 286,

Fohvonheit

2.58 texncity).

il
Units of Wewghts and Messwres, Price 32.25, SD Cat

*tms




TABLE OF CONTENTS

SUMMARY . & v ¢ v o i e e e e e e e e e e e e e e e e e e
INTRODUCTION . . . . . . . . . . . . Rl 3 L
EQUIPMENT MODIFICATIONS . . . & . v v v v v v o v v e v v o s
Laboratory Equipment . . . . . . . . . .00
Lockheed Device . . . . . . . « .+ o o 0 00w e e e :
Marco Device . .. ... ... . ... PR I
TEST PROCEBURES. . . % o s 0 B B 2 & ¢ = o « s % & & 4« = o =
TEST -RESULTS & o ol ol s v o o o ol 0 o 2l o 508 & e & e el
Spreading Tests . . . . . . . . . . . . ... N S
Summary of Oil Recovery Test Data . . . . . . . . .. . ..
Analysis of Open Water Tests . . . . . . . . .« . .« ..
Analysis of the Lockheed Unit's Performance in Ice
Analysis of the Marco Unit's Performance in Ice . . . . . .
Analysis of Tests of Other Units inIce . . . . . . . . ..
CONCLUSHENS, = % e e R o S o T B S e .
RECOMMENDATIONS . . . . . & ¢ v e e e e e e e e e e e e e
APPENDIXES
A. Descriptions of Equipment Tested . . . . .. .. . ..
B. Measurement Instruments and Techniques. . . . . . . ..

REFERENCES



LIST OF FIGURES

Figure Title Page
e 1 Sketch of the Vertical Screw Pump. . . . . . .. . 17
2 Photograph of the Lockheed Unit Showing the
Lifting Rig and the Safety Grid. . . . . . . . . . 19

i 3 Pﬁbtograph of the 0i1 Thickness Probe in Use . . . 21

4 Photograph Showing the Guard and Vane.
Strapping Installed on the Lockheed Unit . . . . . 22

5 Sketch of the Barrier Added to the Downstream
Side of the Lockheed Unit for a Brief Series

of Open Water Tests. . . . . . v v « v v v v v o 24
6 Ice Processing Concepts Developed for Use with

the Marco 0i1 Spill Recovery Device. . . . . . . . 25
7 Photograph of the Static Ice Processor Mounted

on the Boom of the Marco Device (Boom Raised

Clear of the Water). . . . . . e o s 37
8 Photograph of the Freewheeling Ice Processor

Mounted on the Boom of the Marco Device (Boom

Raised Clear of the Water) . . . . . . ... ... 39

9 Photograph of the Close-Coupled Active Ice
Processor Mounted on the Boom of the Marco
Device (Boom Raised Clear of the Water). . . . . . 40

10 Photograph of the Widened Screen Extended
Active Ice Processor Undergoing Test in No. 2
Fuel 011 . . . . . ¢ v v v i v e e e e e e e 42

11 Sketch of the Installation of the Lockheed and
Marco 0i1 Recovery Devices in the Model Basin. . . 44

12 Photograph of the Crude 0i1'Spreading Test in
Ice Infe~tzd Waters after Three Gallons had
been veposited . . . .. . . . . . o .. 51

13 Photograph of the Crude 0il Spreading Test in
Ice After Twelve Gallons had been Deposited. . . . 92

14 Photograph of the Crude 0il Spreading Test in
Ice After Twenty-Four Gallons had been Deposited . 54



LIST OF FIGURES (CONT'D)

Figure Title Page

15 Photograph of the Crude 0i1 Spreading Test
in Ice Showing the Layering Effect of Twelve
Gallons Being Added to Twelve Gallons
Previously Deposited. . . . . . . . « « « o v .. 55

16 Photograph of the Crude 0il Open Water .
Spreading Test Just Prior to Release of the 0il . . 56

17 Photograph of the Crude 0il Open Water
Spreading Test Taken Moments After Release
of the O1. . . . ... .. ... e e e e e e 57

18 Photograph of the Edge of the Slick Taken During
the Crude 0i1 Open Water Spreading Test . . . . . . 58

19 Plot of Viscosity of Crude 0il as Measured With a
Brookfield Viscometer Vs. Spindle Speed Based
on Pre-Test Data for Tests 9and 10 . . . . . . .. 64

20 Photograph of the Clear Water Swath Left in the
1.27 cm Thick Slick of Crude 0il1 in Open Water
After Passage of the Lockheed 0il1 Recovery Device . 90

21 Photograph of the Clear Water Swath Left in the
1.27 cm Thick Slick of Crude 0i1 in Open Water

After Passage of the Marco 0il Recovery Device. . . 92
22 Performance of the Lockheed Unit in Ice as a
Function of the Number of Vanes . . . . . . . . .. 96

23 Photograph of the Sequential 0il Spillage
Through the Back Side of the Lockheed Unit Taken
During a Stationary Test in Open Water With the

Barrier in Place. . « « « v ¢ v v b v o e e 98
24 Performance of the Lockheed Unit in Ice as a

Function of Speed of Advance. . . . . . . ... .. 100
25 Performance of the Lockheed Unit in Ice as a

Function of Speed of Drum Rotation. . . . . . . .. 102



Figure
26

27

28

29
30
31
32
33
34

35

36

A-2

LIST OF FIGURES (CONT'D)
Title
Plot of the Barrier Test Data for the
Stationary Lockheed Unit Operating at 4 RPM
in Open Water and 1.27 cm of No. 2 Fuel
0i1 (Test No. 68). . . . . . Tl T R

Plot of the 0il Recovery Rate Data of Test

NO. B9 . . & vt it e e e e e e e e e e e e e o

Plot of Moving Barrier Tests of the Lockheed
Unit in Open Water with 1.27 cm of No. 2 Fuel
0il1 at a Forward Speed of 0.5 FPS. . . . . . . . .

Display of Results from Modification Tests
Conducted with Marco Unit. . . . . . . . .. A

Performance of the Modified Marco Unit in Ice
As a Function of Speed of Advance. . . . . . . ..

Performance of the Modified Marco Unit in Ice
As a Function of Belt Speed. . . . . . . . . . ..

Photograph of the 0SI Skimmer Readied for
Testing in Ice Infested Water and Crude 0il. . . .

Photograph of the JBF DIP Readied for Testing
in Ice Infested Water and Crude 0il. . . . . . . .

Stern View of the JBF DIP Showing the Installed
Propulsion System. . . . . . . . . . . e ol

Plot of the 0il Recovery Rate Vs. Elapsed Time
for the 011 Mop Device Operating In Ice Infested
Water and 0.73 cm Nominal Thickness of

Crude Oi1. . . . . . . . . . ¢« ¢ o v S e e

Photograph of the 0il Mop Operating in No. 2
T R S O R

Sketch Showing the Operating Principle of the
Lockheed Clean Sweep 0il Recovery Device . . . . .

Principle Dimensions of the Lockheed Clean Sweep
R2003 Tested . . . . « « ¢ v v v 4 v v v v v v

112

118

121

123

128

130

131

135

137

A-2



Figure
A-3

A-4

A-6

A-7
A-8

LIST OF FIGURES (CONT'D)

Title Page

Sketch Showing the Major Features and the
Principle of Operation of the Marco Class I
0i1 Recovery Device. . . . . . . ¢« « ¢ v v o o o . A-5

Sketch Showing the Principle of Operation for
the OSI Skimmer. . . . . . . . . . « v ¢ ¢ v o o A-6

Sketch Identifying Major Components of the
OST SKIMMEY: : . & & & & & © 0 ca e & o & ~+ . .. A-8

Sketch Showing the Operating Principle of the
JBF DIP. & &« v ¢ v v v v i i i i e e e e e e e A-9

Sketch of the DIP 1002 Trailer Mounted System. . . A-10

Sketch Showing the Operating Principle of the
0i1 Mop Oil1 Recovery Device. . . . . . . . . . .. A-1

General Configuration, Overall Dimensions, and
Rope Threading Details for the 0i1 Mop Unit
gasted oh e D R L e R e A-13



i |

Table

[ I R

10

1

12

13

14

15

LIST OF TABLES

Title Page
Summary of Planned Test Program. . . . . . . . . . 5
Chronological Summary of Test Program. . . . . . . 9
Data Requirements and Methods. . . . . . . . . . . 47
Pre-Test Data for Tests in Crude 0i1 . . . . . . .-
Post-Test Data for Tests in Crude Oil. . . . . . . 68
Pre-Test Data for Tests in No. 2 Fuel 0il. . . . . 70

Post-Test Data for Tests in No. 2 Fuel Qi1 . . . . 72

Summary of Notations Made During Standard Crude
0i1 Recovery Tests . . . . . « v ¢« ¢ v v v o o 4 73

Summary of Notations Made During No. 2 Fuel 0il
RECOVE TeSES o ¢ - o 6 B & w v » & & 238 6 6 8 B 82

Summary of 0il Recovery Data for Tests Conducted
in Open Water. . . . . . . . ¢ v v v v v v 00 88

Summary of 0il Recovery Data for Tests Conducted
with the Lockheed Device in Crude 0il and
Ice-Infested Waters. . . . . . . . . . . .. ... 94

Summary of 0il Recovery Data for Tests Conducted
with the Lockheed Device in No. 2 Fuel 0il
and Ice-Infested Waters. . . . . . . . . . . ... 95

Summary of Data for Stationary Barrier Test

of the Lockheed Unit Operating at 4 RPM in Open

Water and 1.27 cm of No. 2 Fuel 0il (Test .

NO. 68). v & v i i e e e e e e e e e e e e e e e 105

Summary of Data for Stationary Barrier Test

of the Luckheed Unit Operating at 3 to 4 RPM

in Oper. Kater and 2.54 cm of No. 2 Fuel 0il

(Test No. 69). . . « & ¢ v v v v v v v v v e 0 v 108

Summary of Data for Moving Barrier Tests of the
Lockheed Unit Operating in Open Water and 1.27 cm
of Mo. <2 Fuel Bil. . « @ & v « o o & 2 35 8 o o 111



LIST OF TABLES (CONT'D)

Table Title Page
16 Summary of 0i1 Recovery Data for Tests
Conducted with the Marco Device in Crude
0il and Ice-Infested Waters. . . . . . . . . . .. 115
17 Summary 2f 0i1 Recovery Data for Tests
Conducted with the Marco Device in No. 2
Fuel 011 and Ice-Infested Waters . . . . . . . . .. He
18 Summary nf 0i1 Recovery Data for Tests

Conductea with the 0SI and JBF Devices in
0.73 cm of Crude 0i1 and Ice-Infested Waters . . . 127

19 Summary of 0il Recovery Data for Tests
Conducted with the 0i1 Mop Device in Ice-
Infested Waters. . . . . . . . .. v v o oo 133



SUMMARY

This is the final report of full size tests of five oil spill
recovery devices, the Lockheed Clean Sweep Model R2003, the Marco
Pollution Control Class I 0i1 Recovery System, the OSI ORS-125 Skimmer,
the JBF DIP 1001, and the 0i1 Mop Mark II-4EP operating in a simu-
lated Arctic environment incorporating below freezing temperatures
and ice infested waters. This work comprises the second phase of a
two phase program directed towards evaluating the applicability of
existing oil spill recovery equipment for use in recovering oil spilled
in broken ice fields of moderate ice piece size. The Phase I program
demonstrated that the Lockheed and Marco devices could successfully
recover crude oil and No. 2 fuel oil spilled in a broken ice ‘field of
moderate ice piece size with minor hardware modifications and the use
of proper operating procedures. The Phase I program also resulted in
the identification of further modifications to the units intended to |
enhance their 0il recovery performance in broken ice fields. The
Phase II tests described in this report were conducted in broken fresh
water ice with No. 2 fuel o0il and a crude oil selected to closely
match the properties of Prudhoe Bay crude oil. The tests conducted
with the Lockheed and Marco devices were directed toward the evaluation
of the modifications identified in Phase I intended to improve the per-
formance of the devices when operating in broken ice cover. In addition,
the variation in 011 recovery performance with variation in forward
speed and drum rotational speed for the Lockheed unit, and forward speed
and belt speed for the Marco units was determined. The tests conducted
with the 0SI, JBF, and 0i1 Mop units w2re more elementary in nature,
intended to generally evaluate the suitability of these unmodified devices
for recovering 0il spilled in broken ice fields of moderate ice piece
size. Tests were also conducted to determine the natural equilibrium
spill thickness of crude o0il and No. 2 fuel oil in open water at low
temperature and in broken ice cover.

The spreading tests indicated that thin oils will spread to
a very thin layer, whether in open water or in broken ice cover.
Heavy oils in broken ice cover will, however, achieve a natural
equilibrium thickness many times greater than the open water thick-
ness due to the partial containment of the oil by the broken ice
pieces.

The tests demonstrated that the modifications made to the
Lockheed and Marco devices did improve their performance when operating
in broken ice cover. Problems experienced in Phase I while operating
the Lockheed unit in broken ice consisting of the bending of vanes by
ice impact and ice jamming between the stationary frame and rotating
drum of the unit were eliminated through the addition of protective
guards below the waterline. Problems experienced in Phase I in removing
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the oil/ice/water mixture from the small sump of the Lockheed unit
were eliminated with the use of a custom fabricated screw pump. Tests
also indicated that the oil recovery performance of the Lockheed unit
coulg be :mproved through a reduction in the number of vanes installed
on the unit.

Tests conducted with various types of ice processing equip-
ment attached to the Marco unit revealed performance improvements
of as much as 59% in 0il recovery rate, 230% in oil recovery effi-
ciency, and 56% in throughput efficiency in comparison to the perfor-
mance of the unmodified unit. The success of these ice processors
indicates that with the development of effective ice processing equip-
ment, the selection of an 0il recovery device for application in ice
infested waters can be made on the basis of open water performance,
assuming that proper provision has been made for any other unusual
environmental conditions.

Tests conducted with the 0SI Skimmer and the JBF DIP indi-
cated that both units are not well adapted to operations in broken
ice fields in their off-the-shelf condition. Both units could,
however, be adapted for successful operations in broken ice fields
through the addition of suitable ice processing equipment. Tests
conducted with the 0i1 Mop unit in ice infested waters indicated
that the unit has promise in applications involving heavier oils.



INTRODUCTION

This final report summarizes the results of full size tests
of five o0il spill recovery devices operating in a simulated Arctic
environment incorporating below freezing temperatures and ice in-
fested waters. These tests were conducted in the Ice Model Basin of
ARCTEC, Incorporated in Columbia, Maryland,during October and November
of 1975.

The present worldwide energy situation has focused attention
on the Arctic as a major source of oil. Petroleum exploration, pro-
duction and transportation activities in the Arctic will result in
an increased potential for oil spills in ice infested waters. The
U.S. Coast Guard has the responsibility for promulgation and enforce-
ment of regulations concerning oil pollution of U.S. waters. This
responsibility includes Alaskan coastal and offshore waters, coastal
rivers subject to tidal influence, ports, the contiguous zones, and
the high seas where there exists a threat to U.S. waters, shoreface,
or shelf bottom.

A major test of available oil spill recovery equipment was
conducted by the U.S. Coast Guard at Homer, Alaska,during November
and December of 1973. The purpose of the test program was to eval-
uate existing off-the-shelf 0il containment and recovery devices in
a freezing or near freezing ice/water environment, and to determine
the effect of cold temperatures and ice on them. 0il was not spilled
for these tests for logistic as well as environmental reasons. The
tests showed that of the six recovery devices tested, two devices,
the Lockheed disc drum and the Marco oleophilic belt, held the most
promise for successfully recovering oil from an oil/ice/water environ-
ment.

To further evaluate the ability of existing oil spill recovery
equipment to operate successfully in broken ice fields, the Coast
Guard outlined a two phase program having as its general objective
the determination of the o0il recovery capability of selected existing
0il spill recovery equipment in an oil/water/ice environment, and
the evaluation of modifications which could improve their recovery
performance in this environment. Phase I testing was conducted by
ARCTEC, Incorporated during March and April of 1975. The results of
the Phase I program are presented in report CG-D-130-75, prepared
for the United States Coast Guard Office of Research and Development
(Reference 1). The two 0il spill recovery devices selected for testing
in Phase I were the Lockheed Clean Sweep Model R2003 and the Marco
Pollution Control Class I Qil Recovery System. Tests were conducted
with both devices in broken fresh water ice and broken salt water ice,
with No. 2 fuel 0il and a crude 0il selected to closely match the
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properties of Prudhoe Bay crude oil, in two 0il thicknesses and at
temperatures of +25°F and +15°F. The Phase I test program indicated
that with minor hardware modifications and the use of proper oper-
ating procedures, both devices could successfully recover crude oil
and No. 2 fuel oil spilled in a broken ice field of moderate ice piece
size. The Phase II test program, the subject of this report, included
testing of the same two 0i1 spill recovery devices under different
operating conditions and with modifications intended to improve the
01l recovery performance of the devices when operating in ice-infested
waters. Additional tests were conducted with the Lockheed and Marco
units to determine the variation in oil recovery performance due to
variation in the speed of advance of the unit, the drum speed of the
Lockheed unit, and the belt speed of the Marco unit. The Phase II
program also included testing of the Lockheed and Marco devices at

Tow temperatures in open water without ice; basic testing of three
additional oil spill recovery units in ice infested waters, namely,
the JBF DIP, the OSI Skimmer, and the 0il1 Mop; and testing to de-
termine the spreading characteristics of No. 2 fuel oil and crude

0il at lTow temperatures in open water and in ice infested waters. All
of the eil spill recovery devices tested in the Phase Il program are
described in Appendix A. The objectives of the Phase II test program
were established as follows:

1. Modify the Lockheed and Marco oil spill recovery units
tested in the Phase I program to improve their performance in ice
infested waters and conduct tests to verify the improvement.

2. Through additional testing of the modified Lockheed and
Marco units, evaluate the o0il recovery performance variation of each
unit with variation in speed of advance and drum speed or belt speed.

3. Determine the equilibrium 0il slick thickness for No. 2
fuel 0il and for crude oil under the test conditions in both open
water and in ice infested water.

4. Determine the oil spill recovery performance of the Lock-
heed and Marco units operating at low temperatures in open water.

5. Perform basic testing of three additional oil spill
recovery devices at Tow temperatures in ice infested waters. These
additional oil spill recovery devices are the JBF DIP, the OSI Skimmer
and the 0il1 Mop.

In order to meet these program objectives, a test program
consisting of fifty tests was developed as shown in Table 1 and
described in the project Test Plan (Reference 2). As originally
developed, the fifty test program included ten tests designed to

"evaluate modifications made to the Lockheed and Marco units, eighteen
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tests designed to determine the performance variation of the units in
ice infested waters, four tests to determine the equilibrium spreading
thickness of crude oil and No. 2 fuel oil in open water and in a broken
ice field, eight tests to determine the performance of the Lockheed and
Marco units in open water at low temperatures, and ten tests to eval-
uate in an elementary way the performance of three additional oil spill
recovery devices in ice infested waters. While the planned test se-
quence served as a valuable guide throughout the test program, as is
generally the case in development testing, modifications were made to
the testing sequence as the program developed to more efficiently com-
plete the test program and to allow time for further hardware modifi-
cations as the test program proceeded. Table 2 is a chronological
summary of the Phase II test program as it was actually conducted.
Occasional missing numbers in the test number sequence identify tests
which were dropped due to operational problems or suspicious data and
rerun using a new test number. The large block of tests between 31

and 45 comprise the tests of a separate but related program which will
be separately reported.

Two sets of parameters that were varied in the Phase I test
program were held constant throughout the Phase II test program. 1In
both cases, the decision was made to hold these parameters constant
in the Phase Il program because, although the Phase I testing indi-
cated that there was some variation in the performance of the oil
spill recovery units due to variation in these parameters, the vari-
ation in performance was not sufficient to materially change the evaluation
of the suitability of the devices for use in broken ice cover. The
parameters involved are the type of ice and the air temperature. In
the Phase I test program, tests were conducted with both fresh water
ice and salt water ice, while in Phase II fresh water was used ex-
clusively throughout the program. Similarly, in Phase I, testing was
conducted with air temperatures of +25°F and +15°F, while the Phase II
program was conducted with air temperatures in the +25°F to
+28°F range, the objective being to hold the air temperature at that
value at which the broken ice cover neither melts to a significant extent,
or tends to freeze into a unified mass of ice. The fresh water ice
obtained from a commercial ice house in 44 x 22 x 10-1/2 inch blocks
was randomly broken up to grovide a range of ice piece size from fine
mush, simulating salt water ice mush, to a maximum block size of
22 x 22 x 10-1/2 inches. The open water recovery tests and the spread-
ing tests were conducted with the room air temperature maintained at
+32°F so as to preclude the formation of ice prior to, or during,
these tests.

As was the case in the Phase I test program, it was desired
to conduct the crude o0il tests with Prudhoe Bay crude, however, the
cost of transporting Prudhoe Bay crude to the laboratory was shown
to be prohibitive in Phase I. In the Phase I program, a substitute
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