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CONVERSION FACTORS, BRITISH TO METIC UNITS OF 1..EASUREMENT

British units of measurement used in this report can be converted to
Smetric units as follows: 4

MEMultiply By To Obtain

inches 2.54 -.entimeters

feet O.3048 neters

surinhs6.4516 sq~uare centimeters

square feet 0.092903 square meters

cubic feet 0.0283168 cubic meters

feet per second 0.3048 meters per second

knots (international) 0.5144444 meters per second

pounds 0.45359237 kilograms

tons (2000 pounds) 907.185 kilogranis

pounds per square inch 0.00689476 megapascals

pounds per cubic foot 16.0185 kilograms per cubic meter
o.0O60185 grams per cubic centimeter

gallons (U. S. liquid) 3.785412 cubic decimeter!:

barrels 0.1589873 cubic meters

Fahrenheit degrees 5/9 Celsius or Kelvin degrees*

1 centipoises 0.001 newton-seconds per square
meter

Scentistokes 0.01 square centimeters per

second

* To obtain Celsius (C) temperature readings from Fahrenheit (F) read-

�_.ings, use the following formula: C = (5/9)(F - 32). To obtain Kelvin
(K) readings, use: K = (5/9)(F - 32) + 273.15.

vii
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SUiM1ARY

"The purpose of this program was to investigate materials that can
L,. utilized in the cleanup of massive oil spills by sinking the oil.
The program v-as divided into four phases as follows:

Phase i: Survey of the State-of-the-Art
Phase II: Development of Standard Test Procedures
Phase III: Tests of Sinking Materials

Phase IV: Tests Analysis and Conclusions
This report completes the program as funded and covers the results

of Phases III and IV; also this report recapitulates pertinent por.ions
of Phases I and II, both of which have been previously reported.

"•"_• •Twenty-three oil sinking materials, which had been located inPhase I, were screened and tested (Phase III) in accordance with appli-

cable test methods developed in the Phase II study (Appendixes A, B, C,
and D). On the basis of current information, these materials were eval-.- uated (Phase TV) as dry-application sinking agents for oil. Factors
such as cost, availability, effectiveness in sinking and retaining oil,"and hazards to pe-sonnel and plant life were considered in making the
evaluations.

Eigoht. materials were identif.-I as dry-application all-season
Ssinking agents for one or more oils, nine materials -were identified as

dry-application provisional sinking agents for one or more oils. One
material was identified as a dry-application all-season sinking agent
for all of the oils tested; one material was a dry-application provi-
sional sinking agent for all of the oils tested.

Preceding page blank
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GLOSSARY

SOM (Oil Sinking Material). Tern used to identify materials

submitted by manufacturers for evaluatioa as sinking agents.

Sinking agent. A material that, when applied to floating oil,
sorbs (adsorbs and/or absorbs) oil, creating a high-density mass which
sinks, with o; without agitation, thus removing the oil from the surface.

Sorbent. A material that, ;hen applied to floating oil, sorbs
(adsorbs at.d/or absorbs) oil but does not effectively sink; oil and sor-
bent both remain cn the surface.

Optimum oil retention potential. An index of the optimum cap-
ability of a SOM to retain a given oil submerged. The index is deter- A

mined by the ietained oil:SOM ratio by weight at 18 hr, under static
laboratory conditions. This index may be determined both for sinking
agents and scrbents as presented in Appendix A.

Ambient temperature. The temperature of the surrounding air.

Laboratory test conditions. A temperature of 73.4 + 3.6 F
(23 + 2 C) and a relative humidity of 50 + 5 percent.

Sinking efficiency. The ability of a SOM to act as a sinking••agent for oil and sink an oil layer on water. Sinking efficiency is ex-
pressed by the oil:SOM ratio (by weight) required to sink at least 9C

percent of the oil film thickness used. The test metnod is given asAppendix B.

Retention capabilit_ Defined as the ability of the oil:sink-
ing agent mass to retain its oil after sinking. The ratio of the weight
of the oil retained to the weight of the sinking agent used is a measare

l of the retention capability.

Dynamic retention capability. The retention capability of a
submerged oil:sinking agent mas,' determined under dynamic conditions,
i.e., the submerged oil:sinking agent mass is subjected to variable cur-
rents and different bottom conditions. Dynamic retention capability is
to be determined in accordance with the test methods presented as Appen-
dixes C and D.

All-season sinking agents. Sinking agents which were tested
for sinking -fficiency at 40 F, 60 F, and 80 F and found to be effective.

Preceding page blank
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Provisional. sinking agents. Sinking agents which were tested
for sinking ef'ficiency at 60 F only and found to be effective.

Nonsorbent. A material that does not adsorb or absorb oil.

xi i
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INVESTIGATION OF SINKING METHODS FOR REMO0VAL OF

OIL POLLUTION FROM WATER SURFACES

Report 3

TESTS AND EVALUATION OF OIL SINKING MATERIALS

KEY

Oil Sinking Materials
Identi fi-

cation
Manufacturer No. Trade Name

Phillips Scientific Corp. SOM-I Latex coated barite

(a subsidiary of Phillips Petroleum Co.)
Bartlesville, Okla. 7i003

Pluess-Staufer (North American) Inc. SOM-2 Onya Nautex H
82 Beaver Street3 New York, N. Y. 10005

Wyandotte Chemicals Corp. SOM-3 Zorb-All
J. B. Ford Division
Wyandotte, Mich. 48192

United Sierra SOM-4 Mistron Vapor
u Division of Cyprus Mines Corp.

Trenton, N. J. 08606
United Sierra SOM-5 Mistron ZSC

Division of Cyprus Mines Corp.
Trenton, N. J. 08606

United Sierra SOM-6 Glacier 200
Division of Cyprus Mines Corp.
Trenton, N. J. 08606

Engelhard Minerals & Chemical Corp. SOM-7 SOL-Speedi-Dry
Minerals & Chemical Division
Menlo Park, Edison, N. J.

T! T1



Oil Sinking Materials (Continued)
Identifi-
cation

Manufacturer No. Trade Name
Union Carbide Corn. SOM-8 Calidria Asbestos
Mining and Metals Div-sion R-G444
R&D Department
Niagara Falls, N. Y. 14302

Union Carbide Corp. SOM-9 Calidria Asbestos
Mining and Metals Division S-G444
R&D Department
Niagara Falls, N. Y. 14302

Union Carbide Corr. SOM-1O Calidria Asbestos
Mining and Metals Division HPO (High Purity
R&D Department Open)
Niagara Falls, N. Y. 14302

Waverly Minerals Products Co. S)M-II HI DRI
3018 Market Street
Philadelphia, Pa. 19104

Waverly Minerals Products Co. SOM-12 Megsite Fines
3018 Market E3treet
Philadelphia, Pa. 19104

International Oil-Lok Control, LTzd. SOM-13 Oil. Lok
1970 Spicer Road
North Vancouver, B. C., Canada

Dr•w Corning Corp. SOM-ZlL Silicone treated
Midland, Mich. 48640 fly ash

Dow "orning Corp. SOM-15 Silicone treated
Midland, Mich. 48640 fly ash A
Dow Corning Corp. SOM-16 Silicone treated
Midland, Mich. 43640 sand

Destroyl Ltd SOM-17 Cement byproduct
Goldlay, Burnt Mills Road
Nevendon, Basildon
Essex, United Kingdom

Aqua Pura Inc. SOM-18 Hydrated potassium
1000 Country Club L.ne NW aluminum silicate
Albuquerque, N. Mex. 87114

The Burns & Russell Co. S01O-19 Treated sand
P. o. Box 6063 BR Globulator 101
Baltimore, Md. 21231
The Burns & Russell Co. SOM-20 Treated sand BP
• P. . Box 6063 Encapsulator 201

i Baltimore, Md. 21231

4



Oil Sinking Materials (Continued)
Identifi-
catiorn

Manufacturer No. Trade Name

The Burns & Russell Co. SOM-21 Treated sand
P. o. Box 6063 BR Globulator 102
Baltimore, Md. 21231

The Burns & Russell Co. SOM-22 Treated sand
P. o. Box 6063 BR Globulator 103
Baltimore, Md. 21231

The Burns & Russell Co. SOM-23 Treated sand
P. o. Box 6063 BR Globulator 104 !
Baltimore, Md. 21231

Oils
Identifi-

cation
No. Description Source

1 North Louisiana paraffinic-based crude Humble Oil Co.,
(low-vi.scosity crude oil) Baton Rouge, La.

2 South Louisiana naphthenic-based crude Humble Oil Co.,
(low-viscosity crude oil) Baton Rouge, La. Z

3 South Louisiana naphthenic-based crude Federal Water Quality
(low-viscosity crude oil) Control Administra-

tion, Edison, N. J.

4 Diesel oil (low viscosity) Federal Water Quality
Control Administra-

tion, Edison, N. J.

Residual fuel oil (Bunker C), a high- Federal Water Quality
viscosity oil Control Administra-

tion, Edison, N. J.

6 Bachaquera, Argentina type asphaltic Federal Water Quality
high-viscosity crude oil from Control Administra-
Tia Juana, Venezuela tion, Edison, N. J.

7 SAE 30-vt motor oil (lube oil) American Oil Co.,
Vicksburg, Miss.
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INVlESTIGATION OF SINKDIG MEPHODS FOR REMOVAL OF OIL

POLLUTION FROM WATER SURFACES

AM- TESTS AND EVALUATION OF OIL

am SINKI0i. MATERIALS

PART I: INTRODUCTION

Background

IN; 1. Oil pollution is a problem that has been present for most of

•the twentieth century, but the magnitude and frequency of oil spills

910 •have grown enormously during the past few years. During the period

from 1956 to 1959, twenty-one major oil spills occurred near the United

States, resulting in the spillage of approximately one million barrels*
1

of oil into coestal waters. Many research projects are being carried

i m on by Government agencies and the petroleum industry to develop means of

preventing oil spillage and to successfully deal vith floating oil when

WIN •it does occur.

2. Whnen offshore spills occur, generally the first action is to

attempt to contain the oil by use of booms and recover it by use of

PAR pumps, skimers, or oil-attracting belts or cylinders. When this is not

successful, floating materials are often spread on the oil to absorb it

and are then collected for dispusal. Control methods such as burning,

dispersing with chemicals, and sinking are normally only to be used when

the initial actions are unsuccessful and the oil is uncontained at sea

and in danger of polluting the shoreline. The National Oil and Hazard-

ous Materials Pollution Contingency Plan (June 1970) specifies that
sinking agents or dispersants are not to be used in marine waters less

- than 100 meters deep. Also, sinking agents should be used only when

the current is not predominately shoreward and only when other control
Ma

M* A table of factors for converting British units of measurement to

metric units is given on page vii.
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methods are judged to be inadequate or unfeasible by the Federal Water

Quality Administration. In spite of these restrictions, there are s'.tu-

ations in which sinking methods are a valuable tool in controlling oil

spills.

'Purpose

3. The overall purpose of this investigation was to locate mate-

rials, establish test procedures, and evaluate materials that could be

utilized in the cleanup of massive oil spills by sinking the oil. To

accomplish this objective, the program was divided into four phases as

follows:

Phase I: 'Sirvey of the State-of-the-Art

Phase II: Development of Standard Test Procedures

Phase III: Tests of Oil Sinking Materials

Phase •V: Tests Analysis and Conclusions

Sco-. e

4. A literature survey (Phase I) was made and 23 potential oil

sinking materials were locat.: -. and sa=ples procured. Laboratory test

procedures were developed for evaluating oil sinking materials (Phase

HI). The procedures developed vere for the determination of (a) optimum
oil retention potential, (b) sinking efficiency, and (c) dynamic reten-

"tion capability. The 23 materials located vere tested (Phase III) using

the test procedures developed in Phase i. Phase iV consisted of the

evaluation of the 23 materials based on the results Df all testing.

Previous Work

5. In Phase i, many hundreds of articles and pDblications vere
revieved to locate, and develop inflormation on, oil sinking materials.

Literature pertaining to oil sinking materials %as not particula-rly

abundant, And most of the work that has been done was done in Eurrope,

2
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especially in England. It is believed, however, that practically all

information o" any, val-z:e pertaining to dry.-application oil sinking mate-

rials was located and processed during this literature survey.

6. Initially, eighteeu materials offered by manufacturers were

located for investigation These materials vere assessed based on re-

sults of the literature search and on information supplied by the manu-

facturers and tentatively rated with regard to effectiveness in absorb-

ing and sinking oil, effectiveness in retaining oil, availability and

cost of the material, hazards to personnel and plant and animal life.

and difficulty of application. This information was reported in Re-

port of this series, but portions thereof are aiso given in subse-

quent parts of T,!: retort. Since Report 1 was published, an additional

six materials were located, and information on these materials is tre-

sented in this report.

7. It should be noted that the material identified as SOM-17 in

Report ' of this series, a silicone treated sand, was not tested in sub-

sequent phases. The SOM-17 material tested in Phases II and III of the

investigation is a cement byproduct and should not be confused with the

SOM-17 assessed and referred to in Report 3.

8. in Phase Ii of this investigation laboratory tests were de-

veloped to evaluate the effectiveness of oil sinking materials under

varying conditions. In the development of the test methods, the effe.-ts

of variation of the following parameters were taken into account:

a. Oil film thickness

b. Nature of oil film (fresh or weathered)

c. System temperature

d. Rate of application of sinking agent

e. Nature of surface condition (calm or agitated)

f. Type of bottom condition (sand, mud, gravel, etc.)

g. Current flow (fluid velocity)

h. Nature of water system (salt or fresh)

Effects of volatiles

;our _s-thods of test were developed and the results were reported *n

Report 2 of this series. The test methods developed are given as

' -•-3



Appendixes A, B, C, and D herein and determine:

a. Optimum oil retention potential

b. Sinking effir:;:ýcy

c_. Dynamic retention capability

d. Volatile loss-time characteristics of oil retained on
glass wool

The test methods developed are not applicable to residual fuel oil

(Bunker C) due to its semisolid state under laboratory conditions.

No significant difference was noted in results obtained due to water

composition--fresh water or simulated sea water.

t
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PART II: IDENTIFICATION OF MATERIALS

Oil Sinking Materials

ri 9. In Phase I of this investigation, samples of 23 materials

__ offered by manufacturers as sinking agents* for oil were procured. In-

formation about each of these materials was obtained from the manufac-

AS tarers and is presented as Appendix E. A general grouping of these ma-

terials would be as follows:

No. of Materials
of This Type

Type of Material Procured

Barite 1

ONChalk 1

Clay 5

Talc 3

Asbestos 3

SSand 7

Fly ash 2

Cement byproduct 1

Specific identification of the 23 materials is given in table 1.

Physical Characteristics

10. in order to determine the :ýelative particle sizes of the oil

sinking materials, sieve analyses were run. Sieve analyses of 11 of the

coarser materials (SOM-3.. -7, -11, -12, -13, -16, -19, -20, -21, -22,

and -23) were conducted in accordance with applicable portions of ASTM

Designation: C 136-675. Partial sieve analyses were conducted on the

remaining 12 materials, some of which were extremely fine powders (SOM-2,
-4, and -5). The results of sieve analyses are given in table 2, in

which the materials are arranged in order of fineness from left to right,S{
with the coarsest material, SOM-11, on the left. One hundred percent of

all materials passed the No. 4 (4-.76-mm) sieve, while one hundred

* See Glossary for defirition of terms used in this report.
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percent of SOM-2, -4, and -5 passed the No. 400 (37-micron) sieve.

11. The particle specific gravity of each material was determined

bj use of a Beckman air comparison pycnometer, Model 930; loose volume

density was determined by filling a calibrated container and weighing.

The results of these tests are given in table 1. SOM-7 had the highest

particle specific gravity (3.37) and SOM-8 the lowest (2.10). The high-

est loose volume density (108.1 lb/cu ft.) was that of SOM-21; SOM-1O had

the lowest (12.2 lb/cu ft).

Photomicrographs

12. Photomicrographs of each of the materials were made using

magnifications of either 2, 10, or 100 depending on the fineness of the

material. These photos are given in Appendix F.

Infrared analysis

13. Eight of the materials were selected for examination using

infrared spectrophotometry (IR). First, an identification spectrum was

obtained on the eight as-received materials. Six of these eight mate-

rials had been treated with organic substances. These six materials

were placed in organic solvents to extract the coatings or treatments,

and the extracted organic materials were identified using IR. The re-

sults of these identifications are given in table 1.

Oils

14. Seven unweathered oils were procured for use in this program.

These oils can be generally classified a%; one of the following types:

residual fuel oil, diesel oil, lube oil, and crude oil. The oils were

assigned numbers and are identified below:

Oil No.

1 North Louisiana paraffinic-based low-viscosity crude oil
2* South Louisiana naphthenic-based low-viscosity crude oil
3* South Louisiana naphthenic-based low-viscosity crude oil
4 Diesel oil (low viscosity) _3

(Continued)

* Oils 2 and 3 are essentially the same oil, so oil 3 was not
used in subsequent oil sinking material testing.

6
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A

Oil 1o.
5** Residual fuel oil (Bunker C), a high-viscosity oil
6 Venezuela (Bachaquera, Argentina type) asphaltic high-

viscosity crude oil

7 Lube oil (SAE 30-vt motor oil), a medium-viacosity oil

This oil was not used in the testing because of its semisolid
tostate wder laboratory conditions.

All of these oils were fresh or unweathered oils. Since significant ex-

posure to outdoor weathering will change the physical properties of an

oil, all procured oils were placed in airtight containers which were

thoroughly agitated before samples of oil were removed for the various

laboratory tests which were conducted. The oils which were utilized in

each of the laboratory tests were therefore fresh or unweathered oils.

Physical characteristics

15. The specific gravity of the unweathered oils at 40, 73, and

100 F was determined by weighing in a calibrated container. Test re-

sults are given in table 3. A laboratory viscosimeter (Brookfield Model

LVF 4529) was used to determine the viscosity-temperature relations for

the seven oils; these data are presented in table 3 and plate 1. Labo-

ratory tests were also conducted to determine the volatile loss-time re-

lationships for the oils under various conditions; in these tests, un-

covered samples (approximately 25 grams) of each oil were exposed in

controlled environments for periods up to 7 days and the amount of oil

'which volatilized from a surface area of 25.97 sq in. was expressed as

weight loss. The results obtained are summarized in table 4 and shown

graphically in plate 2. Oils 1, 2, 3, and 4 are low-viscosity oils and

are the most volatile of the oils tested while oils 5, 6, and 7 are

heavier, more viscous oils of less volatility.

Infrared analysis

16. The seven unweathered oils were examined using infrared spec-

trophotometry (IR); spectra were obtained in the 2.5- to 16-micron re-

gion. The samples were prepared for IR testing by gently pressing the

oil between sodium chloride crystals provided with a spacer and cell

holder. The graphical results obtained are shown in Appendix G and the

IR identification is summarized in table 3.
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PART III: PRELIMINARY ASSESSMENT OF OIL SINKING MATERIALS

17. In the initial phases (Phases I and of this investiga-

tion the oil sinking materials were assessed with regard to (a) avail-

ability and cost, (b) hazards to personnel and plant life, and (c) dif-

ficulty of application, and were tentatively classified. The results of

these assessments and classifications are presented in the following

paragraphs.

Availability and Cost

18. Untreated materials were generally more available than

treated materials. Most manufacturers are not tooled for high produc-

tion treatment of the materials but some could begin such production

with a short lead time. Treated materials with a long shelf life could

be produced and stockpiled at strategic locations for future ube in an

emergency.

19. The materials can be generally grouped into two broad cate-

gories with respect to current availabilitv:

a. Those which are available in quantity .ith a short lead
time

b. Those for which a treatment plant would be required for
quantity production

SThe following tabulation groups the materials with respect to availabil-

ity and also ranks them on a cost basis. Some manufacturers did not re-

port cost, so an estimate of the cost of these materials is given in

these cases.

Treatment
Material Cost General Avail- Plant Cost

No. Rank Description able? Required? information

SOM-1 19.5 Barite No Yes $14o/ton, FOB plant
SOM-2 13 Chalk Yes No $8 0/ton, FOB most

major U. S. ports
SOM-3 9 Clay Yes No $60/ton, FOB plant
SOM-4 17.5 Talc Yes No $123/ton, FOB most

(Continued) major U. S. cities
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rB
Treatment

Material Cost General Avail- Plant Cost
No. Rank Description able? Required? Information

SOM-5 21 Talc Yes No $160/ton, FOB most
major U. S. cities

SSOM-6 17.5 Talc Yes No est.* $120/ton, FOB
plantSSOM-7 6 Clay Yes No $ 1i/ton, FOB plant

SOM-8 23 Asbestos Yes No $650/ton, FOB plant
SOM-9 22 Asbestos Yes No $350/ton, FOB plant
SOM-10 19.5 Asbestos Yes No $1 40/ton, FOB plant

-- SOM-1I 2 Clay Yes No $35!ton, FOB plant
SOM-12 1 Clay Yes No est.* $2D/ton, FOB

plant
SOM-13 11 Sand Yes No $75/ton, FOB plant
SOM-14 15 Fly ash No Yes est.* $100/ton, FOB

plant
SOM-15 15 Fly ash No Yes est.* $100/ton, FOB

plant
SOM-16 11 Sand No Yes est.* $'5/ton, FOB

plant
SOM-17 15 Cement Yes No est.* $100/ton, FOB

byproduct plant
SOM-18 8 Clay Yes No $58/ton, FOB plant
SOM-19 3.5 Sand Yes No $36/ton, FOB plant
SOM-20 3.5 Sand Yes No $36 /ton, FOB plant
SOM-21 5 Sand Yes No $40/ton, FOB plant
SOM-22 11 Simd No Yes est.* $75/ton, FOB

plant
SOM-ý?3 7 Sand Yes No $56 /ton, FOB plant -

* Estimated.

Hazards

Personnel health hazards

ýR 20. Masks should be used by personnel working with any of the ma-

terials, especially the finer materials. Any powdery material inhaled

into the lungs over a long period of time will cause damage. The mate-

rials tested in this program can be grouped with regard to personnel

hazards as follows:

9
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Group 1: Least hazardous.

Barite (SOM-1)

Chalk (SO0-2)

Clays (SOM-3, -7, -11, -12, and -18)

Talcs (soM-4, -5, and -6)

Group 2: Possible danger of silicosis from Prolonged breathing.Fly ash (SOM-l4 and -15)

Sands (SOM-13, -16, -.l9, -20, -21, -22, and -23)

Cement byproduct (SOM-17)

Group 3: Danger of asbestosi.s (toxic materials).

Asbestos (SOM-8, -9, and -I0)

21. In regard to Group 2, there is a possible danger of silicosis

from prolonged breathing of materials in this group; however, contrac-

tion of silicosis would take prolonged exposure and, with masks, is not

considered very likely for short-term exposure.

22. The danger of the development of a disabling lang disease

called asbestosis is present when working with asbestos. The manufac-

turers of these (Group 3) materials recommend, for oil sinking, their

application in an oil or water solution, which would reduce the problem.

Effect on flora and fauna

23. None of the sinking materials themselves are expected to ad-

versely affect flora and fauna; however, the covering of animal 8and/or

plant life by the oil:SOM conglomeration would undoubtedly have an ad-

verse effect.

Difficulty of Application

24. The oil sinking materials were grouped as follows with regard j

to difficulty of application:

Group 1: Sprinkle or pressure aooly dry, none or only slight

agitation needed for sinking.

Barite (SOM,!)

Clays (SOM-il, -12, and -18)

Fly ash (Som-4I and -15)
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Group 1: Sprinkle or pressure apply dry, none or only slight

agitation needed for sinking. (Continued)

Sands (SOM-13, -16, -19, -21, -22, and -23)

2ement byproduct (SOM-I7)

Group 2: Sprinkle or pressure apply dry, supplementb, agitation

needed for sinking.

Chalkc (SOM-2)4

Clays (SOM-3 and -7) A

Talc (SOM-4, if applied dry) 4

Group 3: Spray apply in solution of either crude oil or water.

Tales (SOM-4, -5, and -6)--mix with water

Asbestos (soM-8 and -9)--mix . ;h oil

Asbestos (SOM-10)--mix with water

Sand (SOM-20)--mix with water

25. It should be noted that in the subsequent laboratory tests,

all materials were tested as if they were all Group 2 materials. Those

materials which are in Group 3 (SOM-5, -6, -8, -9, -10, and -20) could

not be expected to perform in a very satisfactory manner as sinking

agents since they were not applied as recommended by the manufacturers.

Preliminary Classification

26. Screening tests revealed that the 23 materials could be ini-

tially classified into two groups as follows:

a. Granular materials (sinking agents): R

Barite SOM-I
Clay SOM-3, -7, -11, -12, -18
Treated sand SOM-13, -16, -19, -20, -21, -22, -23
Fly ash SOM-1I, -15
Cement byproduct SOM-17

b. Powdered materials (sorbents):

Chalk SO1-2
Talc SOM-4, -5, -6
Asbestos SOM-8, -9, -10

The granular materia.Is were generally considered to be sinking agents

and the pirodered materials were generally considered to be sorbents.

The action o! these materials in the screening tests indicated that this

was a satisfactory preliminary classification.
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PART IV: TESTS OF OIL SINKING MATERIALS

4
27. Trn Phase II of this investigation, three test methods were

developed for evaluation of the oil sinking materials; these test meth-

ods are given as Appendixes A, B, and C. Laboratory tests of the oil

sinking materials were conducted using the test methods as discussed in

the succeeding paragraphs. All oils used in the laboratory tests were

unweathered oils to minimize the effects of volatile matter contained on

the test results.

28. Short-term retention potential tests were conducted initially

on all of the 23 materials obtained for use in this program. Materials

were then selected to represent each of the five types of granular ma-

terials, which had been initially classified as sinking agents (see

paragraph 26), for further testing and evaluation. Additional tests

were also conducted on two of the fine powdered materials for comparisoni

purposes. Table 5, which presents in tabular form the tests conducted,

indicates the conditions of each test and which oils and oil sinking ma-

terials were involved. The chronological sequence of the testing is

shown below:

a. Short-term optimum oil retention potential tests.

b. Shor,-term sinking efficiency tests at 'D, 60, and 80 F
using three oil thicknesses.

c. Long-term retention potential tests.

d. Short-term sinking efficiency tests at 60 F using one o..
thicknes: (tests of materials which had not been previ-
ously teý- .ed urder these conditions).

e. Long-term sinking efficiency tests.

f. Dynamic retention capability tests.

Optimum Oil Retention Potential

18-hr tests (short-t-erm tests)

29. The 18-1nr optimum oil retention potential of all 23 rf the S

SOM's for six unweatnered oils (oils 1. 2, 3, 4, 6, and 7) was deter-

mined using the Appendix A test method under laboratory test conditions.

12



Becaiuse of the nature of the test materials themselves, 16 materials

initially classified as sinking agents (SOM-I, -3, -7, and -11 through

-23) were tested using Method A of the test method and seven materials

Sinitially classifi.ed as sorbents (SOM-2, -4, -5, -6, -8, -9, and -1O )

were tested using Method B of the test method. Oil:SOM ratios (by

weight )* obtained are given in table 6 and ranged as follows:

Oil 1 0.14 (for SOM-21) to 5.67 (for SOM-10)

Oil 2 0.15 (for SOM-21) to 5.95 (for SOM-8)

Oil 3 0.14 (for SOM-21) to 4.52 (for SOi.N-9)

Oil 4 0.14 (for SOM-21) to 4.93 (for SOM-8)

Oil 6 0.23 (for SOM-21) to 18.45 (for SOM-10)

Oil 7 0.10 (for SOM-23) to 8.44 (for SOM-10)

30. These test results indicated that, in general, the asbestos

materials had the greatest potential for retaining the oils tested while

the sands had the least potential.

Long-term tests

31. Additional optimum oil retention potential tests were con-

ducted (as indicated by Pord.s and Jongbloed6 for periods of one week or

more using five unweathered oils (oils 1, 2, 4, 6, and 7and 13 oil

sinking materials (SOM-1, -3, -7, -11, -13, -14, -16, -17, -21, -22,

and -23). The oil:SOM ratios (by weight) obtained are given in table 7

and ranged as follows:

Oil 1 0.13 (for SOM-21) to 1.73 (for SOM-1)

Oil 2 0.15 (for SOM-16) to 2.29 (for SOM-1)

Oil 4 0.2. (for SOM-23) to 2.05 (for SOM-1)

Oil 6 0.20 (for SOM-21) to 2.27 (for SOM-1)

Oil 7 0.07 (for SOM-23) to 1.11 (for SOM-I)

32. These test results indicated that, of the 11 materials tested,

SOM-1 (barite) had the greatest potential for retaining the oils tested

while the sands (SOM-13, -16, -21, -22, and -23) had the least pi.ten.ial.

* All oil:SOM ratios are by weight.
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Also, no appreciable difference in oil:S0M ratio was noted between the

short-term and long-term retention potential tests with oils 1, 2, and

4. However, as the absolute viscosity cf the oil used exceeds 100 cp

(oils 6 and 7), the difference between the oil:SOM ratios obtained in

short-term and long-term tests became significant.

qinking Efficiency

33. Laboratory tests were conducted to determine the sinking ef-

ficiency of all materials in accor'ance with the Appendix B test method,

even though all materials had not been classified initially as sinking

agents.

Short-term tests

at three temperatures

34. Sinking efficiency tests on nine selected materials were con-

ducted utilizing three thicknesses of five unweathered oils (oils 1, 2,

4, 6, and 7) at three temperatures (40 + 2 F, 60 + 2 F, 80 + 2 F). This

was a total of 405 individual tests, or nine tests of each of 45 differ-

ent oil-SOM combinations. The individual oil:SOM ratios obtained in

these tests are given in table 8. AD inspection of the data in table 8

indicates that in general the sinking efficiency (oil:SOM ratio) was not

proportional to temperature (which defines specific gravity and vis-

r:sity of the oil in use) or oil thickness. It appears that the effec-

tiveness of an individual oil sinking material depended on a combination

of many factors--SOM used, oil used, temperature, and oil thickness.

The effect of any one parameter on the sinking efficiency depends on ho,?

the parameters interact for that particular case. In general, however,

the nine SOM's tested are more effective on oil thicknesses of 0.10 or

0.15 in. (2.54 to 3.81 rm), and less effective on oil thicknesses of

0.01 and 0.05 in. (0.25 and 1.27 ram).

35. The tests of 28 of the 45 oil-SOM combinations yielded enough

reliable data to warrant a statistical treatment for effect of oil

'thickness and temperature. The residual errors of the data from each of

-Ithese 28 combinations were calculated and compared. The residual error
-I
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was found to be statistically the same for all and equal to 0.135 (in

oil:SOM ratio) with 106 degrees of freedom. A statistical analysis of

the data from each of the combinations using this residual error de-

termined that oil thickness and/or temperature was significant at the

95 or 99% confidence level in only 14 combinations. Graphs are given

(plates 3 and 4) for these 14 combinations for the parameter or param-

eters which are significant. The temperature or oil thickness is sig-

nificant only at the 95% confidence level (significant) for the dataB!
given in plates 3a, 3g, and 4g. 'The data used in plates 3b through f,

4 a through f, and 4h through k indicate that temperature or oil thick-

ness is significant at the 99% confidence level (highly significant).

A summary of this information is shown in table 9. The significance

tests indicate that (a) the effectiveness of SOM-I is, in most cases,

influenced significantly by temperature, (b) the effectiveness of SOM-17

is, in most cases, influenced significantly by oil thickness, and (c)

oil thickness is important in considering agents to be used for sinking

oils 1 and 2 (light crude oils).

36. The test results indicate that one material tested (SOM-8) is

not a sinking agent since it was not satisfactory for sinking any of the

oils at these temperatures. Other information gleaned from these tests

was (a) SOM-4 acted as a sinking agent for oil 4 (diesel oil) only, (b)

only two of the SOM's tested, SOM-13 and -22, acted as sinking agents

for oil 6 (Argentina crude), (c) SOM-J, -3, -14, and -17 were not effec-

tive for sinking oil 7 (lube oil) at 4o F in thicknesses of 0.10 and

0.15 in., (d) SO-11 was not effective in sinking oil 7 (lube oil) in any

of the three thicknesses used, and (e) SOM-13 was not effective in sink-

ing oil 4 (diesel oil) at 40 F.

Short-term tests at 60 F

37. The sinking efficiency of all of the materials was determined

at 60 + 2 F using one thickness (0.05 in.) of five unweathered oils

(oils 1, 2, 4, 6, and 7). The oil:SOM ratios obtained in these 115

tests are given in table 10. Some of 'hese tests (45 of the 115 tests)

had been previously conducted in the tests described in paragraph 35 and

were therefore not repeated.
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38. Some of the materials did not meet tae minimum test require-

ments for sirting a given oil; some materials did not meet the test re-

quirements for sinking any of the oils (SO14-5, -8, and -9) and therefore

Scannot be classed as sinking agents, but have t, be classed as sorbents

for the purposes of the materials evaluations. Some materials met the

minimum requirements for the test but had excessive oil release within

15 minutes. This excessive oil release was noted and the materials

which exhibited this release are not considered to be satisfactory as a

sinki.ng agent for the particular oil at this temperature.

39. T•ne oil:SOM ratios obtained ranged as follows for materials

which performed satisfactorily:

Oil 1 0.14 (for S0M-20) to 1.00 (for SOM-1)

Oil 2 0.29 (for SOM-13) to 0.98 (for SOM-17)

Oil 4 0.20 (for SOM-13) to 1.82 (for SOM-4)

Oil 6 0.29 (for SOI.4-23) to 1.00 (for SOM-15)

Oil 7 0.21 (for S014-20) to 1.10 (for SOM-1)

40. The following Laterials did not perform satisfactorily with

the oils shown below:

Oil 1 SOM-2, -4, -5, -8, -9, -10, -18, -21, -23

Oil 2 S014-2, -4, -5, -8, -9, -10, -16, -18, -19,
-20, -21. -23

Oil 4 S0:4-2, -5, -7, -8, -9, -10, -18, -19, -20,
-21, -23

Oil 6 SOM-1, -2, -3, --4, -5, -6, -71 -8, -9, -10,
-11, -12, -14, -17, -18, -20

Oil 7 SOM•-2, -4, -5, -6, -7, -8, -9, -10, -11,
-17, -18, -19, -21, -23

4l. On the basis of the 60 F sinring efficiency tests, the follow-

ing six materials, for th2 purposes of this evaluation, cannot be classi-

fied as sinkirLg agnts for aiiy of these five oils: SO.1-2, -5, -8. -9,
S~-10, -18.

Long-termr tests at 60 F

42. in orde- to deve7.op more information about the sinking

16



-_- _-

efficiency of the test materials as suggested by Pordes at the 1971 con-

ference on prevention ar" control of oil spills, an additional 19 tests

were conducted at 60 + 2 F using an oil thickness of 0.05 in. Ten SOM's

and five oils were used in these tests, which were conducted by the Ap-

pendix B test method, and oil release was measured, using a glass funnel

with a graduated stem, for periods up to 42 days. The results of these

tests are shown in table 11. The test results indicate the relative ef-

fectiveness of the SOM's tested with the particular oil used. Four ma-

terials which had excessive oil release in the short-term sinking effi-

ciency tests were tested in these long-term tests and each had consider-

able additional amounts of oil released during the longer period; this

resulted in further diminution of the oil:SOM ratios as shown below:

Long-Term Test
Short-Term Test Oil:SOM Ratio

Materials Oil:SOM Ratio (at 42 days)

SOM-7 with oil 4 0.32 0.16

SOM-7 with oil 6 1.02+ 0.32
SOM-II with oil 7 1. 17+ 0.36
SOM-17 with oil 7 1.18 0.36

Note- + means excessive oil release within 15 min
after test.

Dynamic Retention Capability

43. Dynamic retention capability tests were conducted in accord-

ance with the test methods given as Appendixes C and D except that fresh

water was used in all tests. These tests are discussed in the succeed-

ing paragraphs, and test results are presented in table 12 and plate 5.

20-hr tests with oil 1

44. Laboratory ests were conducted, using the Appendix C test

method, to determine the 20-hr dynamic retention capability of six SOM's

with oil 1 (unweathered). The circular channel was filled with fresh

water and adjusted, using necessary baffles, to give an average current

velocity (from velocity profile) of 0.55 fps (0.32 knot) before the

17
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oil:SOM mass was added to the moving channel. The necessary oil collec-

tions and calculations were made using the Appendix D test method to de-

termine the volatile loss-time characteristics of oil 1 retained on

glass wool. The initial and 20-hr oil:SOM ratios obtained in this

series of tests are given in table 12 (see also figs. a through f of

plate 5). The initial oil:SOM ratios used were gcverned by the amount

of oil absorbed by each material and varied for each of the six mate-

rials. Twenty-hr oil:SOM ratios obtained varied from 0.14 for SOMI-17 to

1.56 for SOM-1.

Additional tests

45 . Four additional dynamic retention capability tests were con-

ducted (using applicable provisions of Appendixes C and D test methods)

1rith the following parameters:

Average Cur-
Oil Sinking Oil rent Velocity
Material Bottom Material No.* fps (knots)

SOM-11 Gravel (1-in. 1 0.55 (0.32)
max. size)

SOM-II Mud (moist earth) 1 0.55 10.32)

SOM-11 Fine sand 1 o.36 (0.21)

SOM-11 Fine sand 7 0.55 (0.32)

* Oils were unweathered.

Thnese tests were conducted to demonstrate that the use of a different

oil, another current velocity, or a different bottom material would in-

fluence the oil:SOM ratio obtained so the same oil sinking material

(SOM-II) was used in all four of the tests and the data are given in

table 12 and figs. g through j of plate 5.
46. The data reveal that under the conditions of the tests SOM-II

(a) is more effective with oil 1 (north Louisiana crude oil) than with

oil 7 (labe oil), (b) is more effective at a current velocity of 0.36 fps

than at a current velocity of 0.55 fps, (c) is more effective on a gravel

S* bottom than on a fine sand or mud bottom, and (d) is more effective on a

* mud bottom than on a fine sand bottom.

18
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PART V: COMPARISONS BASED ON TEST RESULTS

47. The oil sinking materials were ranked based on the results of

the laboratory tests conducted. The materials were ranked in each of

Sthe tests in numerical order from best to worst. In some tests, however,

o only selected materials were used and consequently rankings are avail-

able for only those materials -which were actually tested.

Tests of All 23 Materi° Is

S~48. Only two of the laboratory tests conducted included all 23 of

W the oil sinking materials; these were: 1hroptimum olrtninpo-

S~tential tests, and short-term sinking efficiency tests at 60 F using an

oil thickness of 0.05 in. The materials are rated for these t,•o tests

i both by type of oil and on an overall basis as shown.

Relative effectiveness in rataining oil

49. Table 13 gives the ratings as determined by the 18-hr optimum

oil retention potential test and is an indication of the relative effec-

tiveness of each material in retaining oil while submerged under the

conditions of the test. The higher the oil:SOM ratio obtained in the

test, the higher the rating. •

Relative effectiveness in sinking oil •

50. Table 14 rates all of the materials as determined by the
• short-term sinking efficiency test (conducted at 060 F using an oil thick- " •

ness of 0.05 in. ). Ratings are based ot oil:SOM ratio and behavior of

the ma~erials during the test .and indicate the relative effectiveness of

a material in sinking oil under the conditions of the test.

Tests of Selected Materials Only

51. The relative ratings of the 11 selected materials tested in

S~the long-term optimum oil retention potential tests (table 7) are given

• ~in table 15.

S• ~52. The relative ratings of the selected materials tested for =
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long-term sinking efficiency at 6C F (table 11) are shown below:

a. With oil 1 (at 60 F, oil thickness 0.05 in.) after
42 days:ISOM-11 >* SOM-13

b. With oil 2 (at 60 F, oil thickness 0.05 in.) after 7 days;

Material: SOM-I = SOM-17 > SOM-II > SOM- M- SOM-22

Rating: 1.5 2.5 3 . 5 6 7

c. With oil 4 (at 60 F, oil thickness 0.05 in.) after
42 days:

aSOM-7 l SOM-13

d. With oil 6 (at 60 F, oil thickness of 0.05 in.) after
2 days;
Material: SOM-15 > SOM-22 > SOM-13 SOM-16 > SOM-7

Rating: 1 2 3.5 3.5 5

53. With oil 6 (at 60 F, oil thickness of 0.05 in.) after
Sh42 days;

fMaterial: SOM-22 t SOM-7 > Sp r ae13

Rating: 1 2 3
Sf. With oil 7 (at 60 F, oil thickness of 0.05 in.) after

S42 days

.Material: SOM-11 > SOM-I7 > SOM-13

Rat i ng: i 2 3

53. The relative ratings of the nine selected materials tested
-•• for sinking efficiency at three temperatures (table 8) are gi-ven in

S~table 16.

~54. Mne relative ratings for the six selected -materials tested

for dynamic retention capability (table 12) are given below:

Rating with Low-Viscosity
Material Crude Oil (Oil 1) (After

No. Description 20 hr of Dynamic Test)

SOM-I Barite 1

SOM-11 Clay 2

SOM1-3 Clay 3

SPON-7 Clay 4

S014-13 Sand 5

SOM-17 Cenent 6
byproduct

* > = better than.
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Classification of Materials

55. In the previous paragraphs the oil sinking materials were

ranked with respect to each other on the basis of the laboratory tests.

These comparative ratings are merely rankings and do not indicate

whether or not a material is effective as a sinking agent for a given

oil or oils. A further classification is needed to provide this infor-

mation. Three categories were used to group materials with respect to

performance with a given oil or oils.

a. A material that sorbed (adsorbed and/or absorbed) oil and
was effective in sinking the oil was classified as a

"sinking agent."

b. A material that sorbed oil but was not effective in sink-

ing the oil was classified as a "sorbent."

c. A material that did not adsorb or absorb oil was classi-

fied as a "nonsorbent."

Paraffinic-based low-viscosity crude oil (oil 1)

56. The 23 materials were classified as follows with respect to

oil 1:
a. Sinking agents: SOM-I, -3, -6, -7, -11, -12, -13, -14,
-- -15, -16, -17, -19, -20, and -22

b. Sorbents: SOM-2, -4, -5, -8, -9, -10, -18, -21, and -23

c. Nonsorbents: None

Naphthenic-based low-viscosity crude oil (oils 2 and 3)

57. Classifications for oils 2 and 3 are shown below:

a. Sinking agents: SOM-1, -3, -6, -7, -11, -12, -13, -14,
-15, -17, and -22

b. Sorbents: SOM-2, -4, -5, -8, -9, -10, -16, -18, -19,
-20, -21, and -23

c. Nonsorbents: None

Diesel oil (oil 4)

58. The 23 materials were class:.fied with oil 4 as follows:

a. Sinking agents: SOM-l, -3, -4, -6, -11, -12, -14, -15,
-16, -17, and -22

b. Sorbents: S014-2, -5, --, -8, -10, -13, -18, -19, -20,
P -21, and--23

c. Nonsorbents: SOM-9
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High-viscosity crude oil (oil 6)
59. The 23 materials were classified as follows with respect to

oil 6:

a. Sinking agents: SOM-13, -15, -16, -19, -21, -22, and -23

b. Sorbents: SOM-1, -2, -3, -4, -5, -6, -7, -8, -9, -10,
-11, -12, -14, -17, -18, and -20

c. Nonsorbents: None

Lube oil (oil 7)

60. Classifications for oil T are:

a. Sinking agents: SOM-12, -13, -15, -16, -20, and -22
b. Sorbents: SOM-I, -2, -3, -4, -5, -6, -7, -8, -9, -10,

-1i, -14, -17, -18, -19, -21, and -23
c. Nonsorbents: None

All six oils (oils 1, 2, 3,4 , 6, and T)

61. Classifications of the 23 materials for oils 1, 2, 3, 4, 6,
and 7 a're given below:

a. Sinking agents: S014-15 and -22

b. Sorbents: SO4-1, -2, -3, -4, -5, -6, -7, -8, -9, -10,
-11, -12, -13, -14, -A6, -17, -18, -19, -20,
-21, and -23

SOM-9 was a sorbent for oils 1, 2, 3, 6, and 7

c. Nonsorbents: SOM-9 for oil 4 only
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PART VI: FINAL ASSESSME.NT OF SINKING AGENTS

62. In paragraphs 56-61, certain materials were designated as

sinking agents for the various oils on the basis of the laboratory tests

conducted. All materials were not tested in all tests and for this rea- i

son, before a final evaluation of materials was made, it was necessary

to further group the materials so that they would be assessed properly.

63. For the purpose of a final evalaatio)n of the materials, the

sinking agents were divided into two types:

a. All-season type. Those sinking agents which were tested
for sinking efficiency at three temperatures (4o, 60, and
80 F) and found to be effective. This range of tempera-
tures, 40 to 80 F, encompasses the total temperature
range for which sinking agents are expected to be used
and therefore this type has been designated "all-season."

b. Provisional type. Tnose sinking agents which were tested
for sinking efficiency at one temperature (60 F) only and
found to be effective. These agents have to be regarded
as provisional or potential sinking agents since they
need further evaluation.

64. In the laboratory tests, nine materials were evaluated for

effectiveness as all-season sinking agents, while the other 14 materials

were evaluated as provisional sinking agents. In addition, in order to

designate which material is the best sinking agent for each of the two

types for a particular oil or oils it was necessary to consider avail-

9bility, cost, and hazards to personnel as well as all laboratory

ratings. On these bases, final ratings of the sinking agents were made

and these are given in subsequent paragraphs and summari zed in table 17.

Sinking Agents for Oil 1

65. Fourteen materials were identified as sinking agents for

oil 1 (paraffinic-based low-viscosity crude oil); these were classified

as follows:

a. All-season sinking agents: SOM-I, -3, -11, -13, -i4,
-17, and -22

b. Provisional sinking agents: SOM-6, -7, -12, -15, -16, ,
-19, and -20
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All-season agents

66. Information about all-season sinking agents for oil i is

given below:

Compara-

tive ! ;

Rank in i
Laboratory I •

Mate- Sinking Treatment Final i

rial Efficiency Avail- Plant Personnel Overall .:
No. Tests able? Required? Hazards Cost/Ton Ranking

SOM-I i No Yes Least $140 4

hazardous
SOM-3 3.5 Yes No Least 60 2

hazardous
SOM-II 2 Yes No Least 35 i

hazardous
SOM-13 7 Yes No Possible 75 7

danger
SOM-lh 3.5 No Yes Possible 100 (est.) 5

danger
SOM-17 5 Yes No Possible IO0 (est.)

danger
SOM-22 6 No Yes Possible 75 6

danger

From the above, SOM-11, hydrated magnesium aluminum silicate, was the

best all-season sinking agent for oil 1 since it is available in qu•u-

tity at the least cost, is rated as "least hazardous," and performed

well in the laboratory tests.

Provisional agents

67. Information about the provisional sinking agents for oil 1 is

given below:

Compara-
tive

Rank in
Laboratory

Mate- Sinking Treatment Final
rial Efficiency Avail- Plant Personnel Overall

SNo. Tests ab le? Required? Hazar ds Cost/Ton Ranking

•- SOM-6 2 Yes No Least $120 (est.) 3

Shazar dous
SSOM-7 3 Yes No Leas t 41 2

hazardous S(Continued)
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Compara-
tive

Rank in

Laboratory
Mate- Sinking Treatment Final
rial Efficiency Avail- Plant Personnel Overall
No. Tests able? Required? Hazar,"s Cost/Ton Ranking Z

SOM-12 1 Yes No Least $20 (est.) 1
hazardous

SOM-15 4 No Yes Possible i00 (est.) 6
danger

SOM-16 5 No Yes Possible 75 (est.! 7
danger

SOM-19 6 Yes No Possible 36 4
danger

SOM-20 7 Yes No Possible 36 5
danger

SOM-12, a natural clay, was rated as the best provisional sinking agent

for oi3 1 and would be the choice for further evaluation since it is

available in quantity at the least cost, is rated as "least hazardous,"

and performed well in the laboratory tests that were conducted.

Sinking Agents for Oils 2 and 3

68. Eleven materials were identified as sinking agents for oils 2

and 3 (naphthenic-based low-viscosity crude oils); these were:

a. All-season sinking agents: SOM-1, -3, -11, -13, -14, -17,
and -22

b. Provisional sinking agents: SOM-6, -7, -12, and -15

All-season agents

69. Information about the seven all-season sinking agents in re- I J•

gard to availability, cost, and hazards is identical with the *nforma-

tion given in the tabulation in paragraph 66. Other informat: is:

Comparative Rank in Final
Laboratory Sinking Overall A

Material No. Efficiency Tests Ranking

SOM-I 2 4

SOM-3 4 2

SOM-11 1 1
(Continued)
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Comparative Rank i.. Final
Laboratory Sinking Overall

Material No. Efficiency Tests Ranking

SOM-13 7 7

SOM-14 5 5

SOM-17 3 3

SOM-22 6 6

SOM-il, hydrated magnesium aluminum silicate, was the best all-season

sinking agent for oils 2 and 3 when all factors are considered.

Provisional agents

70. The final overall ranking of the four provisional sinking

agents for oils 2 and 3, considering laboratory tests, availability,

cost, and hazards, is as follows:

Comparative Rank in Final
Laboratory Sinking Overall

Material No. Efficiency T ests Ranking

som-6 4 3.5

SOM-7 2.5 2

SOM-12 1 1

SOM-15 2.5 3.5

The natural clay, SOM-12, was rated as the best provisional sinking

agent for oils 2 and 3.

Sinking Agents for Oil 4

71. Eleven materials were identified as sinking agents for diesel

oil (oil 4). These were:

a. All-season sinking agents: SOM-1, -3, -4, -11, -14, -17,
and -22

b. Provisional sinking agents: SOM-6, -12, -15, and -16

A!!l-s-ason agents

72. information about the all-season sinking agents for oil 4 is

tabulated below:

426
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Compara- I

tive
Rank in

Laboratory
Mate - Sinking Treatment Final
rial Efficiency Avail- Plant Personnel Overall
No. Tests able? Required? Hazards Cost/Ton Rankin

SOM-I 2 No Yes Least $140 5
hazardous

SOM-3 5 Yes No Least 60 3
hazardous

SOM-4 1 Yes No Least 120 2
hazardous

SOM-11 4 Yes No Least 35 1
hazardous

SOM-14 6 No Yes Possible 100 (est.) 6
danger

SOM-17 3 Yes No Possible 100 (est.) 4
danger

SOM-22 7 No Yes Possible 75 7
danger

The best all-season sinking agent for oil 4 based on all factors was

SOM-II, hydrated magnesium aluminum silicate.

Provisional agents

73. Rankings for the provisional sinking agents for oil 4 are:

Comparative Rank in Final
Laboratory Sinking Overall

Material No. Efficiency Tests Ranking

soM-6 2 2

SOM-12 1 1

SOM-15 3 3

SOM-16 4 4

Comparisons of the availability, cost, and hazards of these four mate-

rials were given in paragraph 67. The natural clay, SOM-12, was rated

as the best provisional sinking agent for onI 4 and would be the choice

for further evaluation.

Sinking Agents for Oil 6

74. Only seven materials were identified as sinking agents for
oil 6 (high-viscosity crude oil); these were:

2T



a. All-season sinking agents: SOM-13 and -22

b. Provisional sinking age-nts: SOM-15, -16, -19, -21,
and -23

All-s cason agents

75. Both all-season sinking agents for oil 6, S01-113 and -22,

were treated sands and both heve a cost per ton of approximately $75.

The laboratory performances of these two agents were essentially equal,

but sincte SOM-13 is nov available and SOM-22 is not, SOM-13 has to be

rated as the ,etter of the two materials 'or oil 6 when all factors are

considered.

Provisional agenits

76. Information about the provisional sinking agents for oil 6 is

giveu below:

Compara-
tive

Rank in
Laboratory

Mate- Sinking Treatment Final
rial Efficiency Avail- Plant Personnel Overall
No. Tests able? Required? Hazards Cost/Ton Ranking

SOM-15 1 No Yes Possible $100 (est.) 3
danger

SOM-i6 2 No Yes Possible 75 (est.) 4
danger

SO-M-19 Yes No Possible 36 1
danger

SOM-21 4 Yer, No Possible 40 2
'4anger

SGM-23 5 Yes No PossiblI 56 5
danger

SOM-19, a sand treated with a proprietarj chemical, was ratead a. the

best of the provisional sinking agents for oil 6 principally because of

its availabi.lity at low cost, and would be the choice for further

evaluation.

*Siiking Agents fnr Oil 7

77. Six materials were identified as sinking agents for lube cil

(oil 7); these were:
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a. All-season sinking agents: SOM-13, and -22
b. Provisional sinking agents: SOM-12, -15, -16, and -20

All-season agents

78. The two all-season sinking agents for lube oil (oil 7) were

ranked as follows:

Comparative Rank in Final
Laboratory Sinking Overall

Material No. Efficiency Tests Ranking

SOM-13 1.5 1
SOM-22 1.5 2

SOM-13, a carbonized, chemically coated sand, was rated as the better

all-season sinking agent for oil 7 since it is now available and all

other considerations are essentially equal between the two materials.
Provisional agents

79. Information about the provisional sinking agents for lube oil
(oil 7) is given below:

Compara-
tive

Rank in
Laboratory

Mate- Sinking Treatment Final
rial Efficiency Avail- Plant Personnel OverallNo. Tests able? Required? Hazards Cost/Ton Ranking

SOM-12 1 Yes No Least $ 20 (est.) 1
hazardous

SOM-15 2 No Yes Possible !00 (esz.) 3
danger

SOM-16 3 No Yes Possible 75 (est.) 4
danger

SOM-20 4 Yes No Possible 36 2
dange'-

The natural clay, SOM-12, was rated as the best provisional sinking

agent for oil 7 when all factors were considered.

Sinking Agents for All Oils Tested

80. Only two materials, SOM-15 and -22, were identified as
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sinking agents for all six oils (oils 2, 2, 3, 4, 6, and 7). SOM-22 is

P-n all-season sinking agent while SOl.415 4io a provisioaal sinking agent.

Neither of these materials is available in quantity at the present time.

Available All-Season Sinking Aents

81. At the present time, if the need irose for a lry-application

all-season sinking agent to clean up a massive oil spill, the choice

would be :estricted to five sinkiag agents: SOM-3, -4, -11, -13, and

-17. These are the only WES-tested all-season sinking agents which are

now available. The final choice of which of these sink'.ng agents to use

would be governed by the kind of oil -'pille, an,! other factor- nDt dealt

.with in this reuort.

a. If the oil was a low-viscosity crude oil (oils 1, 2,
or 3), the choices available would be:

Final OvErall
Ranking as

Material All-Season
No. Material Description Sinkin& Agent

SOM-II Hydrated mrognesium a)uminum silicate 1

SOM-3 A natural clay 2

SOM-17 Cement nsyproduct 3

SOM-13 Treated sand 7

b. if the oil vas a diesel oil (oil t), the choices avail-.
able would be*

Final Overell
Panking as

Material All-Season
No. Material Description Sinking Agent

01SO-11 Hydrated magnesium. al.minum silicate 1

SOM-4 Unttreated talc 2

SOM-3 A natural -- ay 3

SOM-17 Cement byproduct 4

c. If the oil was a high-viscosity crude oil (oil 6) or a
lube oil (oil 71 the choice would be SOM-13, a ý.arbon-
iz~d, chemically coated sand.
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PART VII: CONCLUSIONS AND RECOMMN=DATIONS

Conclusions

82. Based on the results of the literature survey, information

supplied by the manufacturers, and the laboratory tests conducted, the

23 materials offered by manufacturers have been assessed and rated

herein as sinking agents for dry application. Eight materials have been

identified as dry-application all-season sinking agents for one or more

oils (see table 17). In addition, nine materials were identified as

dry-application provisional sinking agents for one or more oils (see

table 17). One material was identified as a dry-application all-season

sinking agent for all of the oils tested, and one material was a dry-

- application provisional sinking agent for all oils.

83. From the laboratory tests of the oil sinking materials, the

folloving additional conclusions can be drawn:

a. The ttst method (Appendix A) for determination of optimum
oil retention potential provides a means for determining
the amount of cil which an oil sinking material can ad-
sorb or absorb under optimum conditions. This test does
not indicate how effective a material is in sinking oil
and therefore the test data obtained do not correlate
with test data collected from the sinking efficiency test.
Long-term optimum oil retention potential tests appear to
be needed for tests with oils of absolute viscosity
greater than 100 cp (oils 6 and 7), while the short-term
(up to 24 hr) tests are apparently sufficienT for the
lighter oils (oils 1, 2, 3, and 4).

b. The sinking efficiency test (Appendix B) furnishes a
means for evaluati.ng the oil sinking efficiency of an oil
sinking material and appears to be a most useful test.

Mhe effectiveness of a sinking agent depends on (1) the
SOM used, (2) the oil used, (3) the temperature and
(4) the oil thickness. Sinking efficiency is pparently

generally not proportional to temperature (which defines
the viscosity and specific gravity of the materials) or
oil thickness but possibly depends on the surface tension
considerations of the particular system being used as 4
well as the temperature and the oil thickness. The data
suggest that the sinking efficiency test should be length-
ened to include measurement of oil release up to at iL :st A
2h "'r when using the less viscous oils (oils 1, 2, 3,
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and 4) and for longer periods for the more viscous oils
(oils 6 and 7).

c. The dynamic retention capability test (Appendix C) can be
used to determine the effect of currents and bottom con-
dition on the amount of oil retained by a given sinking

agent. Funding and time limitations prevented a more
comprehensive study of this test and the accumulation of
more test data on the oil sinking materials themselves.
The test results obtained in the 10 tests vhich were per-
formed indicate that retention capability can be signifi-
cantly affected by (1) sinking agent, (2) oil used, (3)
current velocity, and (4) bottom material. The tests
conducted suggest that a sinking agent may be more effec-
tive on a gravel bottom than on a mud or sand bottom when
you have appreciable currents; also, less oil is released
when the bottom material is mud than when the bottom ma-
terial is sand. Also, in two of the dynamic retention
capability tests (see plates ,c and 5e), a sand bottom
material increased the effectiveness of the sinking ag -"
even though a current of 0.55 fps was employed. The sasd
on the bottom evidently retained some of the oil, thus
preventing its release to the surface. This did not
occur in any of the other retention capability tests, as,
in general, oil:SOM ratio decreased with increasing cur-
rent velocity.

d. Three of the types of materialz tested, i.e., talc, as-
bestos, and chalk, are generally not satisfactory as dry-
application sinking agents. These materials are usually
good sorbents for oil but will not, in most cases, sink
the oil.

e. Treated sands and treated fly ash do not absorb and/or
adsorb much oil but some do act as sinking agents when
applied dry to floating oil.

f. Some naturally occurring clays can be utilized as dry-
application sinking agents but they generally release
considerable oil over a period of time.

,j. Special materials such as cement byp'roduct and latex
coated barite can, in some cases, be utilized as dry-
application sinking agents for certain oils but are
rather expensive.

h. The heavier, more viscous oils (oils 6 and 7) are gener-
ally more difficult to sink by dry application of sinking
agent than are the lighter, less viscous oils (oils 1, 2,
3, and 4).

84. It is emphasized that the assessments given in this report

= are based on current knowledge of the materials tested and on tne re-

sults of the tests conducted.
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Recommendaticns

85. It would be extremely useful and desirable to evaluate a po-

tential oil sinking material by means of a single test. Such a test

would allow industry to screen the potential of their own materials.

86. It is believed, on the basis of the laboratory tests con-

ducted, that the sinking efficiency test (Appendix B) would serve as

this index or screening test and it is recommended that it be adopted as

the screening test for oil sinKing materials. The residual error of

this test has been determined (see paragraph 35) and modifications could

be made to improve this testing error if desired.

87. It is recommended that the Appendix B sinking efficiency test

(amended to include 15-min period in which oil release is measured) be

used to screen potential oil sinking materials by determining the sink-

ing efficiency of the test material with oil 6 (high-viscosity crude

oil) at 60 + 2 F. Materials which can sink oil 6 under these conditions

have the potential for being a dry-application all-season sinking agent

for most cils. It is noted that only 7 of the 23 materials tested in

this study would pass this initial screening test. Further tests could

then be conducted on materials which pass the initial screening test to

fully evaluate each material for all test oils.

88. The methods of test developed during this investigation andI
presented herein do not encompass all of the many parameters which
should be examined. Such an elaborate undertaking would have required

time and financial support many times the magnitude of those available

to this study. Further investigation is therefore recommended in The

following areas:

a. Effects of variation in pressure on the behavior of sub-
merged oil-sinking agent masses. This, it seems, would
be imperative as the National Contingency Plan limits use
of sinking agents to areas where depths are greater than
or equal to 100 meters.

b. Effects of variation in temperature, ocean floor topog-
raphy, nat-,re of fluid currents, and percentage of sorp-
tion capacity of sinking agent actually taxed during the
sorption process upon retention characteristics of the
submerged oil-sinking agent mass.
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c. Effects of the many various types of agitation, above and
beyond that examined in this study, upon sinking effi-
ciency and retention.

d. The testing and sinking of highly viscous residual fuel
oil (Bunker C).

e. Development of' procedures to eve-Luate the retention char-
acteristics of a submerged oil-sinking agent mass which
is the product of realistic sinking agent application and
sinking (material will not act at 100% efficiency) as op-
posed to the method of mixing and submerging (required to
approach the 90% efficiency level specifically requested)
used in the method of test presented in Appendix B of
this report.

f. Refinement of the test methods developed in this
investigation.

g. Modification of the sinking efficiency test to encompass
long-time evaluation.
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Table I

Identification of Oil Sinkird. aterials

Average
Average- Loose
Particle Volu-e

Material Constituents as Deternined by Specific Density

No. 0sscriptioc Infrared Si ctr66otoaetrY Gravity lb/cu ft

SoC.-l latex coated barite Bari=o sulfate plus ?lybutadlene and a salt of 3.3' 86.0
car •ooxlic acid

-2 Chalp treated with ste&ri, acid Calcium carbonate with small amount of cartoxylic 2.21 58.2
acid.

.3 Calcined clay"" 2.85 -0.6

.L Untreated talc Yagoesium silicate 2.75 16.6

".1. Talc treated with -inc estarate MeXgesiUM silicate plus an alyl p!'-halate resin 2.76 18.4

-f U•treated talc -- 2.78 -68

-7 Expansive clay (Full.rs earth; -- 3.37 33.7

Asbestos treated with stearetes Calcium-magnesium silicate plus a carboxylate salt 2.10 13.3
plus carboxylic acid

. -7reated asbestos -- 2.67 14.7

-10 CatioriC asbestos CalCiuto--ogsiu= si3'.cate 2.F82 12.2

-11 dydrated nagnesium aiu.inam silicate -- 3.06 31.8

-12 hlatLal c!"y (montmorillonte and palygorikite) -- 2.73 35.6

-13 -artcnized chenicLIly coated sand -- 2.65 87.7

-I" Silicone treated fly ash Fly ash plh' =ethyl sillcone 2.57 64.1

-15 Sijcon". treated flý ash Fly asn plus silicone plus a carboxylic compound 2.54 69.9

-16 Silicone treated sLnd -- 2.66 106.7

-17 Cement bproduct - 2.82 50.0

-18 Kaolinite clay -- 2.4 62.4

-19 Treat sand 2.67 -.)0.7

-20 'reated sand -- 2.67 98.1

-21 Treated sand -- 2.66 106..

-22 Treated san -- 2.66 104.7

-23 Treated sand -- 2.66 92.0

Values given are the average of three tests.

Table 2

Siove Analyses Of Oil Sinking Materials

Cumulative Percent Pass Standard S-gves

Sieve Designation 'l) (1; "±, (1)1 ) (2 ) (2) l; (1) (2) (1) (3, " 7
Al'er- 4OK-11 S)M-7 SCS4-3 SNE-23 SOK-18 SOK-1- SO(-15 SOM-21 SE-12- SON-14 S4-2^2 S(•-8 SO4-20

Standard nate (Clay, (Ck~ (Cla) (Sand) (Clay) (SWan) (Fly Psh) (Cay (Fl Ash (Sand) /Asbestos) ISZU

- .7 6 . ro . I 100 -- --.. .... . . .. .... ...

2.38 m 8 9o 100 100 1o0 100 100 --. .. .. .. .. .
1. 19 16 co 30 46 49 84 86 100 - - - - -

5Q5,. 30 16 3 16 3 64 19 92 100 100 100 100 100 10o
25 50 3 0 0.5 0 ii, 3 73 30 87 88 92 93 95
149 100 1 -- -- -- 32 1 55 6 50 63 15 -- 18
74,. 200 0.4 .. .. .. 16 -- 36 -- 25 37 1 -- 1
44 325 .. .. ..-- --. 18 -. -- 14 .. .. ..

37.. '00 .. .. .. .. .. .. ...-- --.. .. ..

I t.ulatlve Percent Passing Standa"r Sieves
il) (1; (31 (3) (3, 13 13 (3) (3) (3)

L.,,--s . S.-16 SO-K10 s50-1 SO4-9 O5-17 s50-6 SCE-5 50-4 50-2
j (S(SandSad (Asbestos) (Baritt) (Asbestas; (Miypcvduct2 (Talc) (Talc) (Talc) (ChakII

4.76 = w.. - - - - -- - - - -

1.19 no 16 .. .. .. .. .... .. .. .. ..595 30 100 100 ... .... .. .. .. ..

297 a 50 96 97 .00 i00 o- --.. .. .. .. .

149 V 100 18 34 •. 95 96 100 100 .. .. ..
74 . 200 1 2 .. .. .. 95 99 .. .. ..

2.4 , 325 -- -- - - -- -- - - -

37, 400 -- - - - - - - 00 100 110

.ote: (1, Analysis cond.cted in accordance with ASTH Designation: r :36-6-..
(2, Partial analysIs cnli, using hand sieves.
"3; Partial analysls only, using flnen.ess tester tlpi..e,.



"Table 3

Identification of Oils

Specific Absolute KIne•atic
Gravity Viscosity, Viscosity,

Temper- at ep, at es, at
Oil a e Temperature Temperature Temperature Identi.icationc by Infrared
No. Description Shown Shown Shown Spectrophoto=etry

I Paaffinic-based 40 0.83 124- 149- Prlarily long chain aliphatic
low-viscosity 73 0.82 8.1 9.9 hydrocarbon with lesser aromatic
crude oil 10' 0.81 5.5 6.8 constituents and Y'ttle carboxylate.

2 Xaphthenic-based 40 0.86 51.5- 59.9- Mixture of long chain aliphatic &Id
low-viscosity 73 0.85 13.4 15.8 arcmatic hydrocarbons, nore arcomat*c
crude oil o0 0.84 7.9 9.4 than oil 1.

3 Napnthenic-based 40 0.85 20. 9 24.6- same as oil 2.
low-viscosity 73 0.85 8.6 10.4
crude oi. 100 0.84 6.6 7.9

4 Diesel oil (low 4o 0.85 ,.1-" 6.7-. Mixture of aromatic, olefinic, and
viscosity) 73 0.8. 4.7 5.6 aliphatic hydrocarbons, very little

100 0.8. 4.0 4.8 or no long chain hydrocarbons.

5 .Reid Al fuel oil 40 t t 4ixture of long chain aliphatic and
(Bw 4.er C) 73 V 714,000 775,000 aromatic hydrocarbons. .More

(apprcx.) aliphatic than aromatic.
100 0 91 23,000 25,275

6 Asphaltic high- 40 1 22,&)0- 23,50511 Primarily aromatic hydrocarbon, with
viscosity crude 73 O.9' 3,530 3,639 some aliphatic constituents.
oil 100 o.96 750 781 Evidence of carbonyl and

carboxylate constituents.

7 Lube oil (30-vt 40 7 1,4C-- 1,573- Mixture of long chain aliphatic and
=otor oil) 73 0.89 283 318 arcoatic constituents.

100 0.88 113 128

* See Appendix 0 for infrared spectra.SViscosity values obtained at 40 F are not considered to be reliable due to unsteady state of temperature. The L0 F .alues are
therefore not used in plate 1.

t This oil too viscous for deterxination o, this value at this temperature ulth equipment being used.

Table 4

Volatile Loss-Tie Relationtehips -,r Oils Under Various Conditions

Oil Loss in Weight, W. After ExPoure for TiE e Shorn, h. Under Conditions Shomn
No. 1- - 2 3 5 b ts 25 2'2 1• , - 10 1

1 9.2 13.6 15.3 17.0 18.7 20.0 22.7 25.4 27.1 30.6
2 9.3 10.8 12.0 13.3 14.3 15.4. 18.4 21.2 22.6 25.5
3 11.4 13.1 !4.9 16.3 17.6 18.7 22.9 25.1 26.5 30.2
4 1.8 2.3 3.5 4.5 6.5 7.6 16.2 23.2 28.6 39.2
5 0.0 0.0 0.0 0.1 3.1 0.1 0.1 C.3 0.'. C.6
6 0.4 0.4 0.8 1.1 1.3 1.5 2.6 3.4, 4.0 5.5

73 1 F, NH g9%

1 11.2 16.0 16.8 17.4 16.8 !7.9 20.8 23.4 25.1 28.3
2 8.3 10.3 11.5 12.7 13.9 14.9 17.9 18.4
3 10.8 13.3 14.7 16.4 17.5 18.3 21.2 23.5 25.3 27.9
4. 1.2 2.5 3.1 4.3 5.7 6.8 13.2 33.5
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 0.3 0.3 0.3 0.5 0.8 1.0 2.0 3.0 3.6 4.8

•10 Fo . R M

1 28.3 31.6 34 36.0
2 26.2 29.3 31 32.2
3 32.9 34.8 37 37.0
4 45.2 59.4 70 72.0
6 8.0 8.2 10
7 1.8 i.8 1.8 2.0

150 i. WI e'

1 48.3 54.8 60.7
2 L2.4 48.1 48.7496.2 100 100

6 1.9 L7.i 1.5
7 0.0 o.C 1.6

210 F in Forced-aIr Oven

1 51.5 54.4 64.8 81.5 81.5 81.5
2 44.0 50.0 56.3 65.t 68.1 71.6
S100.0
6 14.4 16.4 20.6 27.0 27.0 31.1
7 2.0 3.8 2.7 5.0 5.0 6.7

38
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Table 6
irt-Te 1Retentio Potential ( endlx A Test Method)

0±1:1cM r•aio (by velvit). Oil-SON h~tlo (by •eight)."After 18 hr at 71 F After 18 hr at 73 F
Cate a1 0.1 oil O11 OI1 -. 1 O1l Materia 011 2Oil O1 011 Oil Oil

No. Deserlptla1 1 2 .3 . 10. _eaeritlo2 1 2 .3 2 1. 7

Bar.1 Sarte 1.84 2.16 2.11 1.83 2.78 1.12 S094-13 sand 0.21 0.21 0.22 0.22 O.2 0.2.L

-2 CkAlk 0.421 0.2. 0.143 0.. S.al 0 58 .14. Fly ash 0.42 0.2.4 0.A.1 0.41~ 0.7M 0.2.9

-3 Clay 0.92. 0.95 0.90 0.45 1.2? 0.88 -15 fly ash 0.35 0.33 0.39 0.39 0.62. 0.42

.h Tale 1.22 1.41 1.40 3.32 9.38 3.00 -16 Sand 0.15 n.16 0.15 0.17 0.27 O.t13

.4 Tale 1.3, 1.65 1.12 3.72 9.09 2.23 -17 Cement 0.78 0.69 0.54 0.80 4.81 0.91
byprodu.

.A Tale 0.2.0 0.45 0.41 0.66 3.66 0.82
.1a Clay 0.18 0 .27 0.23 0.15 1 .•9 0.80

-7 Clay 0.51 0.21 0.37 0.2.9 P.30 0.38 1
-19 Sand 0.16 0.17 0.27 0.17 0.26 0.18

-8 Asbestos L.23 5.95 4.20 4.93 14.66 7.50 "-20 Sand 0.16 0.17 0.16 0.16 0.- 0.1iS
-9 Asbestos 3.9" 5.00 4.52 I4.20 -. Q95

-21 :-%,1 0.1.L 0.15 J.11- 0.12 0.23 0.35
-10 Asoestos 5.67 5.75 3.41-. 1.89 18.L5 8.1.2.

-22 Sand 0.16 o.16 0.17 o.16 0.31 0.i8
-11 Clay 1.2O 1.24 1.43 0.51 1.63 1.11

-23 Sald 0.22 0.19 0.21 0.17 0.29 0.10
-12 Clay 1.23 0.98 0.•36 O..2 1.93 1.11

Did not retain oil.

Table 7
L2.r•a-Ter Optiasa o ft Retent2, potential ( E'!-•dýi A -eat Method)

.aterja1 011:50! RatlO (by Velfl.t) at 71 F at A&e !.oa
Saserlp- 01l 1 011 2 011 2

Dow. t'Vo - - - d = 7d VId 1 hr 2 lr 3hr Id 78 124d 1 hr 2 hr 3 r 3d d 7d 124d

SOW-1 .arite 1.77 1.77 1.73 1.73 1.73 1.73 1.73 2.36 2.36 2.29 2.29 2.29 2.29 -- 2.12 2.08 2.08 -- 2.05 2.05 2.04,

-3 clay 0.98 0.96 096 0.9f 0.96 0.96 0.96 0.96 0.96 0.94 0.92 o.92 0.92 0.92 --- - 0.60 0.20 0.36 --

-7 Clay 0-o.r8 0-55 0-o26 -- 0.66 0.59 0.5• 0-37 0.35 0.35 0.35 0.53 0.5Z: 0.52 0.52 0.52 0.52 0.52

-11 Clay 1.25 1.21 1.19 1.19 1.17 1.16 1.12 1.27 1.24 1.22 1.19 1.17 1.15 1.10 0.68 0.66 0.65 0.51. 0.5 0.5•2 --

-13 and 0.20 0o20 0.20 0.30 0.19 0.19 0.19 0.23 0.23 0.23 0.23 0.23 0.23 0.?3 0.2.! 0.21 0.21 0.21 0.21 0.20 C.-1

-12 fly ash••. 0.1,3 0.103 0.43 0.43 0.-3 0.43 0.2.3 0.43 0.43 0..3 0.2.3 0.'-3 0.23 C.I43 0.".5 0.1•5 0.25 -- 0.2.5 0.215 0 125

-16 Sand 0.34 0.34 0.31 0.3. 0.34 0.34 0 34 0.15 0.15 0.15 0.25 0.15 0.15 0.15 0.16 0.16 0.16 - f 0.16 0.1f. 0.:'

-17 Cetuet 0.91 0.81 0.78 0.75 0./,l 0.73 0.73 0.S3 0.7 0.65 065 0.65 0.65 -- 0.99 0.97 0.95 -- 90 O.9j 0.(0
byptrodct

-21 Sand 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.i8 0.i8 0.18 0.18 3.18 0.18 0.1S 0.17 0.17 0.17 -- 0.17 0.17 0 17

-22 Sand 0.16 0.16 0.i6 0.16 o.16 0.16 0. 16 0.18 0.18 o.18 0.18 0.18 0.18 o.18 0.16 0.16 0.16 -- 1' 0.16 0 1(

-23 Sarnd 0.21 0.21 0.21 0.20 0.20 0.20 0.20 0.21 0.21 0.21 0.21 0 21 0.21 0.21 0.17 0.17 0.17 -- 0.16 0.1O5 0.12

011-O :5 P tlo (by We~gt) at 73 7 at Mee -aS0110 011i7
1h1r 2hcr lr Id 3 7d 11. 11cr 2 3 3ro Id 3 7d I19:

SSW,• 3 arit. 3,O .00 3.00 3-00 3O 2.85 2.27 2.0l 1.17 1.17 1.17 1.11 1.11 1.11 1.11

3 Clay i 1.55 1.5e 1.39 1.39 1.39 2.3 0.86 0.79 0.74 0.7 0.58 O.8 0.58

-7 'lay 2.A2 2.-22 2.03 1.88 '2.8L 1472. 1.50 0.62 0.53 0.-52 0.36 0.31 0.29 0.2,6

-1I ClV 2 1 .ý- 1.94. 1.t 7.L 1.74' 1.74 ... • '.25 1.27 1.17 1.12 1.07 I.Ce 1.02

-13 rS. J 0.32 0.31 0- 0.3 9 o0 2 .2 0.2 0-.27 0.21 0.20 0.20 0.1f 0.13 0.12 0.11

-14 Fly ao& 1.00 ..- 1.00 0.87 0.84 0.81 1.61 0.53 0.52 0.51 O.29 0.167 0.1.7 0.1.7

-16 mn 0.37 0.37 0.37 0.32 0.3D 0.27 0.27 0.19 0.1- 0.1e w.18 0.15 0.18 0.18

-17 Cea-ert 6.0.0 6.00 6•.00 5.2.2 3.09 1.73 2.73 1.21. 1.22 1.17 2.03 3,.83 0.30 3".75

bypro.d t

-21 Sand o.Zq 0.25, 0.21- 0.22 0.2I 0.20 020 0.16 0.15 0.15 0.15 0.15 0.1, O_.4

-22 San , 0.35 0.3? 0.32 0.2- 0.27 0.26 0.2O 0.10 1.16 0.19 0.1-8 :.18 O.2q 0.18

-2? S"an C.17 o.31 0.3!L 0.3 _0.2 9 0.28 0.28 0.19 C.14 04.; 0.m 0.07 0.07 O.00

:% 71: ea: deteralned for ates ,. to 14 days cr l'cWr for zone mterlaIl .24 - I day. l-d - 22 day. -t-.1

4o

K,

4
sS~- ~.. ~-. -A
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rle 8

Miort-Te,- Sinking Effileiry at Three Tmi!entures

Oil
K llu Oil: SV _ltto (by _iht) _

--!ter'~a1 "lckr~eS 0 bOi 1 011il2 011 - O - - oi 016
'o. Descrlption in. 0 rF 60 F40? (0 F 60 ? rF -07 F r -71 75 F 0 0

u-31 -,ri-t 0.01 0.-'2 0.3f 0.93 0.2! 0.53 0.98 vUtfrril did not .
penctnte into

0705 0.97 ..oo 1.10 0.72 u.88 .14 o.Ž2 , 10 1_1 o1 0.55 1.10 1.22

0.10 0.72 1.15 1.00 -. 99 0.96 0.95 0.63 1.1 !.58 495" 2L-- 1.19

0. O.I , O-Al 2.35 1.25 1.2." 1.10 :.52

-s- Cla. 0.01 0.-0 C.7 0.5" 0.15 0.55 0.69 -.-

0.05 0.- , .79 0.I9 O.A 0.73 0.-7 0.64 0.50 0.1, 0.72 02.77 0.:%

S0.10 0.49 0.--0 0.76 0.71 0.69 0.60 0.59 0.57 0.7' 0.71 o."0

0.15 - oz.7 0.6' 0.61 0."A t.f9 C.?r

S ~~~0.05 1" C"" .;•i'2 1.7P """"

-1 1.•.22 1.9( 2.0. . . .
5 t-- bttos 0.0 -. 0 ..-.

- N 0.0o............................,121?

S$ -I ly0.01 0."-5 0.69 0.1•? 0.21 0.76 0.65 . . .

-1..05 %.05 0.91 04a 0-82 0.93 0.88 o.5,, 0.6o 0.67 - 2 .1-- 0.<,o,-
0.10 o.;( 0.91 0.97 1.13 0-93 0.98 0-73 0.81 0.'0 -2.OD" I.X

0.)5 .. 0.73 0.92 C.82 0-- 171, o.

SYO--13 .san 0.01 0.Vt 0.11 0.12 0.1-7 0.1 0.1' -- 0.1 0.19 . .

10.01 0.19 0.26 0.15 0.32 0. 10 76 0.31- 0-- 0.2 0.60 0.-- -.f2 0.30 , 0-3;

0,0 0.95 0.91 0.22 0.83 0.98 0.28 0.5'. 0.20 0.67 C.51. 0.63 0.b3 0 .-9 0.35

0.15 --- --- ---- --- - --0.273 3.19 0.52 0.0 0 0.258

SV-lL ash d 0.01 0.1( 0.-3 0.12 0.17 0.16 0.35- M-ter--l did0 r-. 0..9

penetrate In.r•t0.05 0.19 03 0.15 0.33 0.293 0 .19 0.318 0.74 0.61 0.3 2 0.01 0.4 0.S,

0 .. 10 0.03 0.72 o.6 2 0.72. 0.28 63 0.252 % 0 .1.7 0.. 0.135 0.2)9 0

0 0.15 --- ---- 0. 0.3 0.1--9 .52 0.36 0.71

5Y-1.7 Cemynt ca01 0.56 0.27 0.92 0.25 0-55 0.70 -- Material id nt . .

Sbyproduct eneetrate into
0.05 0.90 0.61 0.67 0.903 C.69. 0.17 0.71 0.61 -i 0.912 0iA7 0.SO
0.10 3.059 0.74 0.(5 0.79 0.03 0.63 0.525 1.15 i.c7 1.0. i.0. 1.!1

S•'0•~~-22 ind4 0.1 .20 0.17 C.0 0.11 0.22 9.2L. - .9 02 .0 . . .

0.25 0-2- 0.25- 0.- , 0.--- - -37 0-33 O-.0 0.63 -. h', 0.69 . 2.41 0. 57' 0.2! 0.7-

0.05 0.? 0.26 0.27 C.13 0.-3 0.83 0.17 3; 71 0.C-- O- .?. .19 0.34 o.10 0.50k

•_0.10 0.909 .5 .910 .87 0.85 1.15 .0 1.01' 1.37- 1.12

2-22 no'd . .n01.r.0 env ,',12 (00.) to 0eet . -:.i-----.-------.t 1or 0..2•5 .t.

2.0 0302 02 .2 430.20i1 03 0.7 .2023 .1 039 00 .2

lii



Table 9
Sucroy of Significance of Texeraturc and Oill Thdcknebs, in M.ort-T-ne Sirkin

yriinl Ttat at The e~rtrsfor ThreOi hcnse

co~bimltionl I -Effect Of Cocaination (1) Effect Of

Material OilNO- Teeprature 011 Th-Ickrnesr v~teril - Oil 70. Tcwerature oil T!-lckzVs-z

SOM1- (b-rl~te) 1 8 (2) Ps5 (3) Scw..l' (:7)y ash) 1 11 s

2 M1 HS5 2 NN

HSN N

7 Im1 7 N

2 N FS

Note:~~~MR2 (1)nd Nt, Nrnte2 c1a~n it3 eetae infcne

(~~~ N N o i~iiat

Nt:!) Nt a, fm th n 28 1 o thIr cknes iofe vr teste fon. signficat n01 hikes f0.

Talcs~ Re-io * w..62 )'*f a, ~ 0 6r, ~ Sad 01-.19 0.29 O! Rto(b egh)a3i F for

-1 Balt l0.8 !.!a~ -1 So 01 0.3290L .102
R-20- Sa.3 0. 0.23 3~ 0 O .38. 0.37

-2: Fly 0.29 .1 0.14 0.33 0.27.

O.- San 50 IS 01 0.379 .1 ~.3 01

- &,,ley'c 0.93" -..02 Dý* 1 - -14 sand 0.21 r-19- 0.17 0.29i C.22

-,It Claye 0.1! G...- 0.7 DN3 NSO.P
SICl~ oibryes ~ rof13nd atcrtet

-6: c ir~.~ctl 1 0.3O( 10 -52 ~ ~ Fo l ts

Z I. ce:" d '. c.es Aynl ... u c'!eaeci eel uigfrtdy
-1 San 0-16 0-2 . C3 .3

-2 a 01 -a' 04 -3-,2
Azb-tto3 P,4'



MAWi' Are Ra = -e

liaterial. 02 fe AM' e I Rt. After After Aft-rr Alter Aftr

SC34-11 Clay 1 1).78 0.7E 0.78 - - 0.78 0.7. 0.75

=C)-13 Sand I 0.31 0.,-l 0.30 - 0.30 t,.30 0.28IL-44-1 Barite 2 0.92 0.9Ž 0.92 0.9.. - 0.92 -- f-
txw*0I Clay 2 0.65 0.b, 0.63 0.62 -- 0.62 - -

SON-11 Clay 2 0.81' o.81 c.&, o.60 - 0 78 -

"S4-1.1 SMInd 2 0.33 0.33 0. L 0.V2 n--'32 z- -
SOW14.. Fly Psh' 2 0.71 0.09 0.66 0.66 o- 066 . -

=2-17 Cenent 2 C-92 0".qz 0.92 .z -0.92 - -

b)-prod1'ct

SCM4-22 Sand_ 2 0.18ý 0.23 0.28 0.27 -- 0.2b - -L ISO4-7 Clay L m 0.16 0.16 0.16 0. 0.6 .6 0.16

=~4-13 Sand 1. 0.1 -. 09 ;.O '.06 - -- o 0.0r 0.06

S0C4-7 Clay 6 0.'.5 0.42 0.36 - -- 0.35 1.32 1). 2
3WY-13 send (1 ).49 O.L3 0.41i - - 0.38 0.30 0.!:07'1-,. Fly as 0.13 q - 04
Scv~-16 Slyan- 0 .71 0..66 -- -0.6 -- -

S-'-22 Sanld 6 0.59 0..~ 0.42 -- - .36 0.33 0.33

SW-1. My7 0.',2 4.19 6. ~ - - 0.10 0-3ý, C.3ý

For periods uP tc 13 days fol sone enterlals.

,acle 12

Pensut; of P"c Rr.c ti~on Cg~abpeAllly 'tett; !rnslu.±1ng Cccpritof Te:,t Results:

D7-Andec Vemaos Static Retentirn Capabill.tv

Pp1~ ~ etention Potentis 0yn.eP"c BtetenslonC alpfilit:. -

AveraA. Tests (St%*lc) 7ests (:P)7*-nic)
Flu, - c~il:"C Re.~ li* After ~ At ~ i btyr Aftr AL'Iatcri±1 Al Velo-ily l~~~fltce A- Sterm After Alter at~Atr A 1r fri~e fe

a. Descriptiton NoR. -ps - Aer161 Of -test I Rr 2 er 3 F 2,..Hr oiC.-zt lýr 2 Hr 3M 20H-

Effect of 71'% d w--o~t an ?.ottm~ on L.etentisn Capsb.'lIty

-1- Baritt i 3.55 Ftre sa4 .sl7 .7 1.7, 1.73 1.73 17 .' .5 16 ~
Y-3ZJl Clsy I .5', F.le Fran! C.98 .9 x 0.9A; 0.96 -1.9S .x9 o. 0.51 0.6?

Fsa-7 7la -. 72 0-~ ^, .58 0 .6) O .t9 0.i9 0.1-9

,14-'. Clay :1.5 :4 cn 1 2- .2 1.21 1.10 1.19 1.? i.0, 0).99 0.98 0.93

&1-! an . -i.e m-4d 0.2^- Cl .20 0.2^ 0.19 ^0.20 P,. 20 j).2 20 0 ..ol
&'N-1 Cenn .5c -. oz '0 .91 .. 6 .7 .5 10 7'.LB 0.46 0.25 (1.1

bysroduc-t

S:P-11 clay 10. Fr e: 1. 1.2%, 1.2 1.1y .. 19 117- 1.01 0.99 0.96, 1.9ý3

MCI".1. Mlay 1 0.55 Orno l 1.27- 1.2.1 - .2 ,.19 1.11 . .05 1.09 1.07 1.0e

SUM-1 01a C1 R)" ;Rd 10 12 .' .9 sz .27 3.99 0.993 0.01 19

Effect of Fluid V Ro~y ! ete-tles. Cyr~eA11IZ

Si-1clay C.55 F!ne Sawn 1.2.: 1.201 1.21 1..q 1.1.9 1.7 .01 0.99 0.98 0.93

SW- i1 Cla 4Y . 364 Fl." sand - .7 Ikyl 1.21 '.9 11 .:n 1.08 1.06 1.06& 1.0,.

624-Il~F mey 1ar 1.' Fn C .27 i.;" .1 1.9 1 1.4.~ 1..g 0.90- C.98 .

S ~-:&~1y 7 0.1! FIneKo 1.1I.'? 2 1 1.17 :.'7 1.3 :O ~o .3 .Y 3.75ý



-able 13
Relative Effectiveness of 23 K* terials I.n RetainirA Oil Vhile Suhaerged--

18..hr Test for Optimm Oil 'Retention Potential

__________ Umerical Rating-
Paraf finiL_ -Bse IVrthenic-Based With With All Si
toV-Visccizlty !cov,.i ccsity Wlith High-Viscostty Vith Oil Types

Mmterial Crudle Oil Crude Oil l'irsel 01? Cricic Oil. Lube Oil (is1
ip.cZ i ___ioti i , O1-- 2 ar~ /o(il 14) (Ol6 Oil. * ý 3 4, 6. 7

"WM-12 Asbestos ' 41
SOM.8 Asbestos 2 21 2 2 2
SOM-5 Talc 5 - 5 5 3
SC4.-4 Talc 7 6 3 14 4 .4

5GM-I Barite L.1 5 9 6S

SCMA-1 Cem,_nt 10 10 6 7 9 6
byproduct

sc:!- I clay. 13 2 7.5 7
5GM-lO Clay 9 13 12 7 5
SD)4I-I C I b,9 8 11 14 10 9
SDI-Z Chal: 'I 11 10 6 13 10

SMM'-6 Talc 1L. 13 7 8 11 11
SOV-7 CI&y -114 1.10 16 12
OM-) 4 Fly ash:1. 1" l± 1;14

50)4-15 Fly xsh 15 15 114 16 15 1.
sDo-'% Clay 18 16 ?1 13 12 15

SMf-13 alre4 14 17 1r, 18.5 22 1
SC)4-23 Sana 17 1ý 17 18.5 2T 17
ZLYZ£2 Zand 20 20.~ r; ý5 17 18.5J 18
SC)-.19 Sand 20 19 17 22 18.5 1.9

SIXI-20 Sp=1 20 20.5 19.5 220.5 38.5 20
SDI4-16 Saad 22 ?2 17 20.5 18.5 21
SGM-O2L Sand zr3 P3 __2 23 21 22
5044-9 Asbestos 3 3 2i3 3 2*

Rating~ of 1 -lndcates the be-t m~ateriel for that oii end 23 th~worst nn-tcrial. Actuel test d-ita are given
in table 6.

Did .iA xet~.in oil 4.

Table 114

Relative Eff-ctiv.±ness of 23 Materials in Sinkirrq Oil; Short-Terma Tcsts
ýt 60 0.11l Thickness ox~ 0.05 in.

Altmvrical I Rating-
..itz .oc.- With Low- W-th, High- With t11 -ive4
Viscosity Viscosity "t'- Viscosity With Oil Types

__________ Crude C' . Crude Oil !Olesci oil Crude (;!1 Lube OIil (oils 1, 2s

S.,a9-i5 217 ash 9 ?.5 9 1 51
50M-2Z_ send 10 9 10 ?6 2
q--'4-13 Send I1 11 12 L. 7
SC*4.l i~trit- 1 3 2 1.. 1 14t
Sci'-1Z Clay 14 5 6 17- 2 51

M04-114 Fly cizl 6 6 3 37~ 3
",~43 Clay 3 48 3* 4 7;
G*-i6 Sand 12 !18.. 328t

S1- Ccese.t L I4 i0- 9t

S0)4-l1l Clay 2 2 5 17- lw jot

* S.14.6 raic 7 1 7 17" 20.5.. lit
SOM-7 Cl.av 8 19 .. ~ 8- 114- 12t
SC*4-20 S-r~d l ~ 16..9 13t
50)4-i9 SandA 13 174' 17- 17-1W

%xvd-2. SEar_ i8.. 1'ý.* 2** 515
.X1'232-,.'-9-19 15 17 15 17t

SWM-I Asbertes 15* 12.. 13- 17- 1.2- 8
Scu-18 Clay j-. 4v 16'. 10. 13 - 19t

T~i:.2 Chalik 1&. 3- 11. 17- 20.".. 20t
OR4. 101-21,5 21.',- 21-4 17" 20.5- ý2t

5'5..~ ~ *54 2.5 ~ 2i ~ 7*20.5- 221
f.'M_9 Asbestos 21 1,- 2' 17- 20.5., 22t

Pntlng ýf i ndicates The be-M materoLal for that (,!1. le- table 10 for actual teat data.
Did r-- perform tsf.o1ywith this .1)

I qket z:Stijfaczory to- sinklrg all oilks tI thil temperature and zil t1blcloeat.



Table 15

Relative Long-Term Effectiveness of U1 Materials in Retairding Oil While

Submerged--7-Day Test. for Optimum Oil Retention Poteptial

Numerinal Ratings*
With With With All

Paraffinic- Naphthienic- Five Oil
Based Low- BasEd Low- With With High- Types
Viscosity Viscosity Diesel Viscosity With (Oils 1,

Material Crule Oil Crude Oil Oil Crude Oil Lube Oil 2. 4,
No1. Description (Oil 3) (0wl 2) -(oi 4) (Oil 6) (Cil 7) _6 7__

SOM-I Barite 1 1 1 1 1 1

SOM-lI Clay 2 2 3 2.5 2 2

S~k-17 Cenmeat 4 4 2 4 3 3
byproduct

S014-3 Clay 3 3 6 5 4 4
SOM-7 Cl.ay 5 6 4 2.5 6 5
Sm-14 Fly ash 6 5 5 6 5

SCM-13 Sand 9 7 7 6.5 10 7

SCM-16 Smad 7 1l 9.5 8.5 7.5 8

SOM-23 Sand 8 8 11 7 U. 9
-Y)14-22 Sand .0 9.5 9.5 10 7.5 10

SOM-21 Sand 11 9.5 8 1i 9 11

Actual test data given in table 7. Rating. of I indicates best material, rating of
11 indicates worst material in this group.

TabLe lb

Relative Effectiveness of Nine Materials in Sinking Oil; Shv;,t-Term

Tests at Three Temperatures and Three Oil Thic.k.csses

Numerical Ratir_*
With L•w- With Low- With With High- With All Five
Viscosity Viscosity Diesel Viscosity With Oil 't'ypes

Material Crude Oil Crude Oil Oil Crude Oil Lu'e Oil (Oils 1, 2,
No. Description Oil 1)_ (Oil 2) (oil 4) (Oil 6) (Oil 7) 4, 6, 7)

SOM-22 Sand 6 6 7 1 1.5 1

SOM-13 Sand 7 7 8** 2 1.5 2t

SO4-J. Barite i 2 2 6-* 3"* 3t

SOM-11 Clay 2 1 4 6** 7** t

SCOM-17 Cement 5 3 3 64
byproduct

SOM-3 Clay 3.5 4 5 6** 5*4 6t

SOM-14 Fly ash 3.5 5 6 6** 4* 7f
Sow-4 Talc 8.5** 8.5*C 1 6- 8.5*4 St

SOM-8 Asbestos 8.5** 8.5" 9** 6*- 8.5r" 9t

* Test data given in table 8; rating cfl 1 is best.
** Did not perfor, satisfactorily with this oil.
t Not satisfactory for sinking all oils at all three temperatures.
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APPENDIX A

PROPOSED METHOD OF TEST FOR DETERMINATION OF
OPTIMUM OIL RETENTION POTENTIAL OF SINKING

AGENTS OR SORBENTS FOR OIL

Scope

1. This proposed method of test covers procedures foz determining the

optimum oil retention potential of a sinking agent or sorbent, which is an

index of the ability of a material to retain sorbed oil when submerged. A

sinking agent for oil is defined as a material that, when applied to float-

ing oil, sorbs (adsorbs and/or absorbs) oil and sinks with the oil, thus

removing oil from the surface. A sorbent for oil is a material that, when

applied to floating oil, sorbs (adsorbs and/or absorbs) oil but does not

sink; oil and sorbent both remain on the surface. Optimum oil retention po-

tential is the optimum capacity of an oil-sinking agent or oil-sorbent mix-

ture to retain oil while submerged. It is expressed by the oil:SOM ratio

(oil:sinking agent or oil:sorbent ratio) used.

Apparatus

2. The testing apparatus shall consist of the following:

a. 250-mi Erlenmeyer flask with ground joint.

b. 25-ml graduated cylinder with ground joint (units a and b to be
used as indicated in fig. Al).

c. 400-mi beaker.

d. Variable-frequency vibrating table.

_e. Balance sensitive to 0.01 g.

f. Burrell shaker.

j%. 10-ml hypodermic syringe and needle (gage of needle should be
determined so as to allow for easy but controlled flow of the
particular grade of oil to be used).

h. Glass stirring rod.

i. Small-diameter plastic or rubber hose.

&. Funnel (small).

k. Vacuum apparatus (see fig. A2).

1. Rubber stopper for Erlen.yeyer flask.

Materials

3. Materials used in this method are:

SAI
AlAl
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a. Test material (sinking agent or sorbent).

b. Oil (30 6".

c. ASTM substitute oce'•i water (ASTM designation: D-1!4!, Section
4, or distilled water.

d. Surfactant-Isc- 1 265 (Johnson-March Corp., Philadelphia,SPenn.-Ylvania).

e. Petroleum jelly.

Procedure

4. Method A (for sir.king agents):

a. The inside of each flask and graduated cylinder (fig. A!) f
used should be coated with a solution of one part Isomal
mixed with ten parts of water (by volume). After coating, the
glassware should be oven dried at approximately 175 F for at
least 2 hr. This treatment m±.Limizes the tendency of the sur-
facing oil to adhere to the sides of the flask and cylinder and
thus reduces the degree of inaccuracy of the test results. Al-
low glassware to cool to 73 F.

b. Weigh the flask to nearest 0.01 g (cylinder removed), add the
SOM, and reweigh the flask. The final weight minus the initial
weight will indicate the weight of SOM being used. The propor-
tions of oil to SOM required to yield approximately 10 cc of
free oil should be used. This volume of free oil is needed to
allow for test variation within the range of volume of free oil
released. Thirty grams of oil should be used in each test. A
preliminary screening test to indicate the weight of a given SOM
suitable for use with 30 g of a given oil can be made by placing
30 g of the oil* in a hO0-ml beaker, adding SOM to the oil from a
preweighed container until the oil-SOM mass starts to thicken,
lose gloss, or become viscous. At this point the mass should be
stirred, water should be added, and the mass stirred an addi-
tional 30 sec. After the mixture stands for 10 to 15 min, the
extent of surface oil will indicate whether too much or too
little SOM has been used. The weight of SOM used can be de-
ter.nined by difference in the initial and final weighings of
the container plus SOM. Additional screening tests with nec-
essary adjustments should be conducted which will minimize work
and time required to obtain the test results.

c. Add the 30 g of oil to the . This step may be simplified
by use of the hypodermic syringe which will minimize the amount
of oil brought into contact with the sides of the flask during
this step of the operation. The balance may be used to indicate
the point at which the required weight of oil has beer added.

d. Use a rubber stopper to seal the flask and shake for 15 min with
a Burrell. shaker, adjusting the motion of the shaker as neces-
sary to obtain good distribution of oil throughout the SOM.
Several flasks may be shaken sirm.ultaneously, depending upon the
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capacity of the individual shaker. In any event, if test rs.-
sults are to be comparable, each test (or set of tests) must be
performed under the same conditions. If ntcessary, the contenrts
of each flask may be stirred to ensure that all portions of the
SOM have been brought into 2-ontact with the oil. This wil be
particularly necessary when the more visccus oils are being
evaluated. Care should be taken, however, to prevent any un-
necessary contact between the oil-SOM mass and the uppermost
sides of the flask.

!. Apply 30-in. mercury vacuum (fig. A2) nntii such tine as there
is no loss in vacuixm over a 5-min period of time.

f. Allow flask to stand for a period of time such that the total
time elapsed in steps e and f is 1 hr.Vibrate the stoppered flask for 30 min, adjusting the frequency

of the vibrating table as necessary. everal flasks !an be vi-
brated simultaneously; however, the vibratory motion cf the
table will have to be adjusted in order to accommodate the ad-
ditional weight. It i• emphasized, however, that if test re-
suits are to oe comparable all tests must be performed under
"the same :onditions. This step is particularly i.mportant in
that it results in release of the free oil which is entre.pp-d
between solid particles and is not actually sorbed (absorbed
and/or adsorbed). This consolidation process improves the
reproducibility of test results, particularly for the coarser

F maý.serials.

h. Remove stopper and affix the graduated cylinder in the top of
the flask. The quality of the s..al can be improved by coating
the ground glass surfaces with petroleum jelly.

i. Add enough ASTM substitute ocean water to the flask-cylinder
system to bring the free oil surface level to che 0.0-ml mark.
The water should be added in such a manner as to m:nimiza dis-
turbance of the oil-SOM mass and minimize emulsification of tha
free oil. This can be facilitated by using a flexible rubber
or plastic tube and funnel as illustrated in fig. AS. This will
minimize the free-fall distance and disturbance. Care must be
exercised to prevent the lower end of the tube from coming intoI. contact with the rising liquid surface, since some of the :.il
would become attached to the tube.

j. Determine, by use of the cylinder graduations, the volume of
free oil released. This measurement should be made to the
nearest 0.5 ml and sh-uld include any sorbent which is sus-
pended in the free :.il column. Since test method A is designed
to evaluate sinking agents, it is felt that this procedure would
adequately penalize any materials whi.ih do not act fully as
sinking agents. These readings should be made 2 hr after the
addition of the water and 18 hr after the addilion of the water.
In most instances, volumetric differences between the 2- and
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18-hr rea.dings will be negligible. However, for certain mate-
rials, particularly the expansive clays and some oils, the
dlfferences will be cubstantial. In these cases, both readings
"Ihould be reported and the 18-hr reading should be used to com-
z.,te the optimum oil retention potential.

k. Multiply the vo,'tnmetric ei-asureTent of oil in cubic centimeters
by.' the specific gravity of the oil u,'ed (determined at 73 F) to
yield th• weight i. grams of free oil. Subtract this weight
from the oeiginal weight of oil added to the flask to obtain.
i . grams, ihe weight of oil effecdively sorbed and retained.

1. Divide the weight of oil adsorbed and/or absorbed Dy the weight
of test material used to obtain the optimum retention potential
expressed as an oil:SM0, ratio. Any interesting or un" -:-,l
items, such as volume of floating sorbents, should be ..-)ted in
the test results. This test should be repeated at least three
times for each individual oil and test materiall used and the
results averaged.

5. Method B (for powdered materials):

a. Conduct test as described in method A, paragraphs a through f.
The amount of sorbent used (see paragraph b, method A) should,
in the end, be such that no free oil and/or oil-sinker mass
flo&ts to the surface upon addition of water to the flask.
Several tests will probably be necessary to determine the opti-
mum weight uf sorbent required. (It should be kept in mind
that while many different amounts of the same sorbent may be
sufficient to retain the particular amount of oil used, there
is a minimum amount of sorbent which adequately retiins the oil.
it is toward the determination of this minimum weight of
sorbent that this test is directed.)

b. Allow the entire system to stand for 18 hr. Should, at any time
during this 18-hr period, any appreciable volume (more than a
trace) of free oil and/or oil-SOM mass rise to the water sur-
face, repeat the test using slightly less sorbent than was pre-
viously used. Continue testing in this manner until the weight
of sorbent which will yield only a trace of free oil and/or
oil-SOM mass on the water surface is determined and verified
by at least two additional tests.

c. Divide the weight of oil used by the minimum weight of sorbent
used (the m•nimum weight which will satisfactorily retain the
oil in the bottom of the flask) to obtain the optimum potential
expressed as an oil:SOM ratio.
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APPENDIX B

PROPOSED METHOD OF TEST FOR EVALUATION OF THE
SINKING bFFICIENCY OF SINKING AGENTS FOR OIL

(DRY APPLICATION)

i. This proposed method of test covers a procedure for evaluating the

sinking efficiency of sinking agents for oi2. A sinking agent for oil is a

75 material that, when applied to floating oil, sorbs (adsorbs and/or absorbs)

oil and sinks with the oil, thus remoring oi! from the surface. Sinking ef-

ficiency is the ability of a material to act as a sinking agent for an oil

film on water. Sinking efficiency is expressed by the oil:sinking agent

ratio (by weight) required to sink at least 90% of the oil film whichl is at

the surface of an oil-water mixture. A material vhich does not sink oil,

such as a sorbent, has no sinking efficiency and does no- meet the minimum

requirement for this test.

2. Of the many different factors which contribute to the interacticn of

an individual sinking agent with a particular oil, the most important are:

(a) system temperature, (b) initial oil film thickness, and (c) nature of

oil !ilm kiresh or weathered). All of these factors should be uxamnned in

order to adequately e-aluate the performance of varicus sinking agents wz;en

used with various types of oils.

Atparatis

3. The testing apparatus shall consist of the following:

a. 3tirring rod.

b. 000-ml beaker (Griffin low form, Pyrex).

c. Balance sensitive to 0.01 g.

d. 10-cc hjpodermic 3yringe and needle (gage of needle should be
determrined so as to allow for t asy but controlled flow of the
particular grade of oil to be used).

e. De-rice for controlling application of s$nking agents (see
fig. Bl).

f. Variable-temperat-.re water bath or variable-temperature room.

g Timing device.

Bl
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Materials

4. Materials used are:

a. Test material (sinking agent or sorbent).

b. Oil.

c. AST14 substitute ocean water (ASTM designation: D-111h,
Section 4).

d. Oil-soluble dye (for use with near.ly transparent oils).

Procedures

5. Test procedures are as 1lllows:

a. Bring corFonents of the test apparatus and test materials to
equilibrium at the designated test temperature. This will best,
be accomplished with a variable-temperature control room in
which the entire testing operation can be performed. If
desired, a water bath can be used in conjunction with a
variable-temperature room to perform tests at air temperatures
somewhat aifferent from the fluid system temperature.

b. Add 2000 ml of water to the 4000-ml beaker. At this level, the
cross-sectional area of the water surface in the standard

2Griffin low form Pyrex beaker is 194.8 cm . Weigh the beakerand water to the nearest 0.01 g.

c. Add oil to the water surface, the volume (weight) of which will
be dictated by the particular oil film thickness desired, the
type of oil used, and the system temperature at which the test
is to 'e perform2d. The weight of oil required can be computed
from the known surface area and the known density of the oil at
the particular temperature of interest. If necessary, an
oil-soluble dye can be used in conjunction with the oil to help
eliminate problems of visually determining when the oil slick
has been effectively sunk. Place the beaker in position for
application of the sinking agent through the application device
(see fig. Bl).

d. Sprinkle the sinking agent through the top of the sorbent appli-
cation fuinel. This apparatus .s designea simply to ensure
that (1) all tests are conducted using the same free-fall
distance (30 in.) for each SOM, and (2) all SOM's applied
actually fall on the fluid surface.

The SOM should be applied uniformly and at a constant rate
until barely enough material has been applied to effectively
sink 90 to 100% of the oil. The time elapsed during the actual
application-sorption-sinking operation sho-uld not exceed 10 min
and should not be less than 5 min.

In all instances, some if not all of the oil-sinking agent
mass will float until signifi- at agitation is applied. This
can be accomplished by stirring tne system vigorously after the

B2

- ~ - _- ~ - - --



sinking agent has been applied. The stirring should not be so
violent as to emulsify any free oil.

This phase of the test procedure requires some experierce
and good judgment on the part of the test personnel in that,
with most materials not sinking until after vigorous agitation
is applied, a decision must be made as to when barely enough
imater:v- has been applied to effectively sink 90 to 100% of the
oil. Ll the majority of cases, it can be safely assumed that
this point has been reached when the fluid surface is no longer
glossy as it is when appreciable free oil is present. Fig. B2
illustrates these conditions.

e. Sinkir:g efficiency of the sinking agent used is, in each case,
computed by div.iding the weight of oil sunk by the weight of
the sinking agent required to sink the oil. The test should be
conducted three times and the results of the three tests
averaged. Any pertinent observations such as oil release (see
note) with time should be noted with the test results.

Note: If long-term oil release measurements are desired, a
glass funnel with a graduated stem may be placed over the sunken

oil-sinking agent mass and the volume of oil release may be
measured for as long as desired.
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Fig. BI. Device to aid in controlling
application of sinking agents
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a. Amount of sinking agent insufficient for
OF, total sinking

Reproduced from - S

Sbest avai'able copy.

b. Amount of sinking agent barely sufficient for
Vz total sinking

?ig. B2. Typical appearance of oil-slick surface~
after applicpation of sinking agent72
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APPENDIX C

F0 PROPOSED METHOD OF TEST FOR DETERMINATION
1! OF DYNAMIC RETENTION CAPABILITY OF

SINKING AGENTS FOR OILS

Scope

S1. This proposed method of test covers a procedure for determining the

dynamic retention capability of a sinking agent for oil. Retention capabil-

ity is defined as the ability of the oil:sinking agent mass to retain its

* oil after sinking. This is expressed as the ratio of the weight of the oil

retained to the weight of sinking agent used. Dynamic retention capabality

is the retention capability determined under dynamic conditions, i.e., the

oil and sinking agent are placed on a moving water surface. A sinking agent

for oil is defined as a material that, when applied to floating oil, sorbs

(adsorbs and/or absorbs) oil and sinks with the oil.

2. Factors which will affect the retention capabilities of the various

sinking agents and the effects of which should be examined are: (a) fluid

velocity and (b) bottom conditions (sand, mud, rock, etc.).

Apparatus

3. The testing apparatus shall consist of the following:

a. Circular flow channel for simulation of current flow (see
fig. Cl).

b. Current meter (see fig. C2).

c. Variable-frequency vibrating table.

d. Balance sensitive to 0.01 g.

e. h00-ml beaker.

f. 10-cc hypodermic syringe and needle (gage of needle should be
determined so as to allow for easy but controlled flow of the
particular grade of oil to be used).

R. Weighing pan (aluminum pie plate).

I Materials

4. Materials to be used are:

a. Sinking agent.

b. Oil.

c. ASTM substitute ocean water (ASTM designation: r-1l4l,
Section 4).
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d. Fine glass wool.

e. Bed material for bottom ef channel (sand, mud, rock, etc).

Procedures

5. Test procedures are as follows:

a. Place the bed material desired (sand, mud, or rock) in the cir-
cular flow channel. This bed material should be clean enough
to prevent contamination of the water as such will result in
collection of impurities along with the released oil. This in
turn wil), cause the calculated weight of oil released (based on
volatile loss-time relationships) to be too great.

b. Add ASTM substitute ocean water to the flow channel and allow
the system to reach standard laboratory temperature (i.e.,
73 + 2 F).

c. Begin actual fluid flow (mechanical rotation of the circular
channel in this case) and allow the currents to reach equilib-
rium. This step will require different periods of time for
different fluid velocities and different types of channels.
The point at which stabiliza .on of velocity is reached can be
determined with a current meter similar to the one pictured in
fig. C2. After stabilization has been achieved, the velocity
profile of the channel cross section should also be determined.

d. Place known amounts of sinking agent and oil (at standard tem-
perature) in the 400-ml beaker, using the hypodermic syringe
for the addition of the oil. The total amount of sinking agent
and oil is determined by the cross section of the particular
flow channel used, and tne ratio (by weight) of the two compo-
nents is determined by the amount of oil that the particular
sinking agent will adsorb and/or absorb. This ratio should
have been previously obtained in the determination of the opti-
mum retention potential of the sinking agent.

e. Place the beaker containing the sinking agent and oil on the
vibrating table and vibrate for h5 min. The beaker should be
covered appropriately during this operation.

f. Allow covered beaker to stand at standard laboratory tempera-
ture (73 + 2 F) until all components are in temperature equilib-
rium. This standing time should not exceed 75 min.

g. Add the known weight of sinking agent-oil mass to the moving
channel. Any residue left in the beaker should be weighed,
this weight to be proportioned according to the original
weights of sinking agent and oil mixed, and then subtracted
from these original weights to yield the actual weights of
materials subjected to test. (Example: Assume that 700 g of
sinking agent was mixed with 300 g of oil and that 10 g of
oil-sinking agent mass remained in the mixing container after
the majority of the mass was added to the channel. Then by
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proportion of weights originally mixed, 7 g of sinking agent
and 3 g of oil remained as residue in the container. Therefore,
693 g of sinking agent and 297 g of oil were added to the
channel.)

h. Weights of oil released should be determined (according to step
i) at points in time (with reference to initial immersion, i.e.,
addition of the oil-sinking agent mass to the channel) of
t = 0, 1, 2, 3, 12, and 24 hr, and t = 3, 7, 14, and 21 days.
Some of the later release measurements may be eliminated, ob-
viously, if at some point it is observed that release is no
longer occurring.

i. Determination of the weight of free unweathered oil floating
on the surface at any time should be accomplished by removing
this free oil, using the fine glass wool, driving off volatile
fractions at a temperature and for a period of time determined
by the type of oil being exarJ aed and by the volatile loss
characteristics determined according to the "Proposed Procedure
for Det'.ermination of Volatile Loss-Time Characteristics of Oil
Retaiaed on Glass Wool," and determining the weight of oil resi-
due iemaining after volatile evaporation.

,j. This veight of oil residue should then be divided by a conver-
sion factor previously determined according to the "Proposed
Procedure for Determination of Volatile Loss-Time Charact',ris-
tics of Oil Retained on Glass Wool," this computation yielding
the weight of free unweathered oil released since the time of
the previous collection of surface oi2.

k. This weight of free unweathered oil collected should then be
added to the weights of oil collected at the preceding times of
removal. This total weight multiplied by 100 and then divided
by the weight of oil placed in the channel as determined in
step y of this test method will represent the weight of free
unweathered oil released over the period oi' time, t , ex-
pressed as a percentage of the weight of free unweathered oil

originally adsorbed &.nd/or absorbed. Such time-release charac-
teristics for a specific sinking agent, oil, and fluid velocity
can be represented in graphical form as indicated in fig. C3.

" The weight of oil retained is determined by subtracting the
total weight of oil collected (see paragraph k above) from the
weight of oil placed in the channel.

m. The dynamic retention capability is then computed by dividing
the weight of oil retained by the weight of sinking agent used.

C3
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Fig. Cl. Circular channel for simulating current flow

Fig. C2. Current meter
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APPENDIX D

PROPOSED PROCEDURE FOR DEVERMINATION OF
VOLATILE LOSS-TIME CHARACTERISTICS OF

OIL RETAINED ON GLASS WOOL

1. This test is intended to be used for calibration purposes, the re-

su ding volatile loss-time relations to be used *i the computation of the

actual weights of unweathered free oil floating on a water surface.

2. The basic premise underlying this procedure is: if one detzimines,

for a particular weight oil-water-g2ass wool combination and evaporation

temperature, the volatile loss-time relation after total evaporation of the

water component at low relative humidity, one can then use this relation

to compue the weight of unweathered free oil removed from a system by evap-

orating the volatiles from this removed oil (at the same temperature and

for the same evaporati.n period), determinirg the tieight of the oil residue,

and multiplying this weight by an appropriate factor based on the "calibra-

tion" test.

3. The accuracy of this operation is highly dependent upon asing an

evaporation period the length of which is great enough to ensure complete

"evaporation of the water component (usually less than 24 hr) and that the

mathematical computations are based on the relatively flat portion of theI residual oil volatile loss-time curve. It is also important that the evap-

oration temperature used, for a particular oil, be high encugh so that equi-

librium (no appreciable loss) is reached in a realistic period of time, and

at the same time low enough so that enough residue is left to make reason-

ably accurate computations. In particular, diesel fuel must be treated at

somewhat lower temperitures than those used for crude oils since total

evan'oration of diesel fuel will occur at the higher temperatures. Total

evaporation would yield no usef'al data. Low humidity environment appreci-

ably decreases the time required for water evaporation, and thus system

equilibrium.

Apparatus

S.. The apparatus used for this test are:

Oven.

Dlj,



b. Weighing pan (aluminum pie plate).

c. Fine gless wool.

d. Large pan for containing water and oil film.

e. Balance sensitive to 0.01 g.

f. Desiccc or.

Materials

5. Materials :-ed" the test are:

a. Oil.

b. ASTM substitute ocean water.*

c. Oil-soluble dye.

Procedures

6. Test procedures are as follows:

a. Allow all materials to stabilize at standard laboratory temper-
ature (73 + 2 F).

b. Add ASTM substitute ocean water* to large pan.

c. Determine tare weight of aluminum pie plate and glass wool to
nearest 0.01 g.

d. Place ).0 g of fresh oil on the water surface and allow signifi-
cant dispersion to occur.

e. Remove the free oil from the water surface by dragging the fine
glass wool over the surface as illustrated in fig. Dl.

f. Place all glass wool (contaminated and uncon':aminated) in the
weighing pan, weigh the system to the nearest 0.01 g, and place
this unit in an oven or room (less than 30% relative humidity
desirable).

g. Continue evaporation of volatiles at 100 F until equilibrium
is essentially reached. The unit should be weighed at 24, 48,
and 72 hr so that any appreciable decrease in rate of evapo:a-
tion will be obvious. Experience has indicated that evapora-
tion periods of 24, 48, and 72 hr are normally adequate to ob-
tain a calibration curve.

h. Allow the unit to cool to 73 F at 50% relative humidity.

i. Weigh the unit to the nearest 0.01 g.

/. Subtract the tare weight (step q) irom the total lieigbt
(step i) to yield the weight of residual.

k. Divide this weight by 10 to obtain the number of grams of resid-
ual yielded per gram of unweathered free oil.

* ASTM Lesignation: D1141, Section 4

2•



7. This test should be conducted three times recording residual

weights at 24, 48, and 72 hr. The values determin,.i in step k should be

averaged to yield the conversion factor for each time increment which, when

divided into the weight of residual determined in any future test, will

yield the weight of unweathered free oil collected in that test. The three

time intervals should be plotted so that a conversion factor can be ob-

tained for the convenient time used. Values less than 24 hr are meaning-

less, since the procedure is based on the complete evaporation of the water

which will normally require 12 to 20 hr. It is also important to note that

the conversion factor should be obtained on the same approximate &mount of

oil, as the oil-water relation will affect the rate of volatile evaporation

from ae oil during the first 24 hr.

-11
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Fig. Dl. Removal of released oil from fluid surface
by using glass wool
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APPENDIX E: INFOR.MATION ON OIL SINKING
MATERIALS SUPPLIED BY THIE •

MANUFACTURERS _
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MATERIAL IDENTIFICATION: SwJ-i

CHEMICAL-PHYSICAL PROPERTIES-•'

CHEMICAL COMPOSITION: Parite with 10 percent latex rub-ber.

S;PECIFIC GRAVITY: 3.3 ,dcc. Bulyv density 80 Def.
FLASH POINT: V-1 high.

ICC CLASS-
VISCOSITY: Solid pa-der.
MISCIBILITY: Compatilbe with oils; not easl)y wet by water. •SOLVENT COMPATIBILITY: eO'- appliahle.
SHELF LIFE: Probably hevera. years.

COST: 6 to d cents per pound; pilot plant for production would have to ý,e constructed.

DOSAGE RATE: By S anufacturer - 1:1.3 ident to oilp

A MPPLICATION METHOD: By B Yalnufacturer o - at ply by any method that wile runiformly sread the material
AVALABILIT: COPTBIIY "" taplch

AVAILABILITY: .uantity unlimited if treatm-ent plant constructed.

USE RECOMMENDATIONS AND LIMITATIONS: Anywhere oil can be sunk.

SPILL EXPERIENCE: Latoratcr.y tests by manufacturer.

EFFECTIVENESS: Obser:ations duping tests by : facturer indicated material to be zamable of sin!ýi:g
t. to ." cf crude ci4 per pound of- material. material more cf'ecti-:e cn >'er

density, less .,iscous oils.

TOXICITY: '.;entcxic.

+ ~Elb
2
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MATERIAL IDENTIFICATION: SOM-2

CHEMICAL-PHYSICAL PROPERTIES:

CHEMICAL COMPOSITION: Fyd•rophobic calcium carbonate, particle cnclosed in a film of fatty acid
(stearic acid about 1.).

SPECIFIC GRAVITY: 2.7.
FLASH POINT: ::ot applicable.
ICC CLASS: Standard.
VISCOSITY: Solid
MISCIBILITY: Fydrophobic (nonsoluble in water).
SOLVENT COMPATIBILITY: Not applicable.
SHELF LIFE: indefinite.

COST: ý.S0. per ton, FOB major port cities (U. S.).

DOSAGE RATE: By manufacturer - 1:1.5 agent to oil bý weight.

APPLICATION METHOD: By manufacturer - spread on surface of sea water or oil spill. Heaw.- sea agita-
tion is desired. The agent that fall: on the ;ater will f2cat until it contacts
oil. Once it contacts oil it compounds and hydrostatically s.nks. fcrming 3amna
stable patches on the sea bed. Reaction time - derends on ratio usel and sea
water mr!,rement or agitation.

"AVAILABILITY: ,tons inventory in New York City - normal four weeks production rates unlimited.

USE RECOMMENDATIONS AND LIMITATIONS: By manufacturer - rt. nded for open sea and bay for use on
fresh and weathere es and distillate fuels. No special
storage requirement • " cessary.

SPILL EXPERIENCE: By manufacturer - laoc-atcry and field .--erience as well as experience i., t.,e,
CANYON incident - 40O0 tons used.

"FFECTIVENESS: By manufacturer - 9O•.

TOXICITY-
-y =r-.ufacturer -

For operatcrs - no recorded cases of resr-rat:r:. proble=s 2j.o-l),': sugetst uze of :'.ter ra .
.or 'arine life - n it.t nontoxic materia- CnCOt.

E2
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MATERIAL IDENTIFICATION: SOM-3

CHEMICAL-PHYSICAL PROPERTIES: :
CHEMICAL COMPOSITION: l0O4 calcinated clay.

SPECIFIC GRAVITY: Densit" -5 pcf.
F'.ASH POINT: N!one
'CC CLASS: Calcinated clay.
VISCOSITY: Granular dry material.
MISCIBILITY: None
SOLVENT COMPATIBILITY: N~ot applicable.
SHELF LIFE: Indefinite.

COST: $60.00 per ton in 40- to 50-lb bags.

DOSAGE RATE: By manufacturer - not specifically defined. Apply to cil surface, as necessary.

APPLICATION METHOD: By manufacturer - applied by blowing or sprinkling onto the surface of the oil.
Sptlls on hard surfaces can be swept up after absorbing with the material. Re-
cover. of spent agent is not feasible. It can be removed and hauled away to a
dtmr area or sunk byj applying a little wEter spray to the oil and agent float-
irg in the water. Reaction time - will sink in a few minutes.

AVAILABILITY: Availab.e in most U. S. cities.

USE RECOMMENDATIONS AND LIMITATIONS: By manufacturer - reccmended to be used in areas where per-
missible for treatment of Bunker C, fresh crude, and distil-
late fuel oils. 7.%ere is no limiting storage temperature
rarge or other storage constraints. Recomended for small
spills in loading areas and on docks and decks to keep oil
out of the water.

SPILL EXPERIENCE: By manufacturer - material is used primarily for on deck or loadir4g spills where
either a quick pickup is required or sinking is d-sired.

EFFECTIVENESS: By =mnufacturer - percent effectivenass is not specified. For pickup, it abs~rý.- ao-tits ownT w*eight of oil (0.9 -m? /S).

x

TOXICITY:
By manufacturer -IFor o-erators - not reported.

For marine life - inert and ncrtoxic.
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MATERIAL IDENTIFICATION: SoM-4

CHEMICAL-PHYSICAL PROPERTIES:

CHEMICAL COMPOSITION: Talb, 10 micron (701 organophilic, 30% hydrophilic), no stabilizer.

SPECIFIC GRAVITY: 2.75.
FLASH POINT: Does not burn.
ICC CLASS: Not reported.
VISCOSITY: Hot applicable.
MISCIBILITY: Insoluble in water.
SOLVENT COMPATIBILITY: Not applicable.
SHELF LIFE: Indefbite.

COST: 4 to 8 cents per pound in carload lots. FOB Seattle, Portland, San Francisco, Los Angeles,
Chicago, Trenton, and Boston.

DOSAGE RATE: By manufacturer - estimated 2 to 3 parts agent for -.ach part of oil.

APPLICATION METHOD: By man ,fpturer - Broadcast dry onto oil slick. Agitate. May also be mixed

I lb/g,. with water and sprayed onto oil slick. Dry application most effec-
tive. Oil disperses and sinks. Reaction time - immediate to several hours
depending on agitation. For beach protection, spread ]' to 20 ft wide before
tide comes in. -For roek clearing, mix with painter's naphtha, apply, and wash
with high-pressure water stream.

AVAILABILITY: Inventory quantity 10 to 40 tons at Sefttle, Portland, San Francisco, Los Angeles,
Chicago, Trenton, and Boston. Production of 70 tons/day possible with 1 week lead
time or, in emergency, 1 day lead time.

USE RECOMMENUATIONS AND LIMITATIONS: By manufacturer - reccmmended for open sea, bay, harbor,
estuary, and shore for fresh crude and distillate fwils.
Not effective on Bunker C or heavy fractions. Use for
beach protection, beach cleaning, and rock cleaning. Some
of the product can float to shore either oil-contaminated
or clean and leave a deposit. Storage requirements - keep
dry.

SPILL EXPERIENCE: ?y manufacturer - The San Juan Puerto Rico Dept. of Public Works used two 50-lb bags
every low tide at Caribe Hilton Hotel Beach, Puerto Rico (OCEAN EAGLE Spill - March F
1968). Spread 15 to 20 ft wide on 800 ft beach. Tide carried oil and talc out Pt6
kept beach open and free of oil (amount of oil at this beach was not large accord-
ing to manufacturer). Santa Barbara - used by Cro.by . d Overton, Long Beach, A
Calif., on beaches to polish cleanup after most oil r-...oved manually, and fo-..
cleaning rocks (1969).

EFFECTIVENESS: By manufacturer - no estimate or test data reported. By ot)-, s - tests by University of
Puerto Rico rated absorbency "Excellent. Able tr emove -ain film,, ;)f oil. Good for
cleani.4. sands also" and rated leaching "Leaches most of the oil 3f exposed to the
sun.

TOXICITY:
By manufacturer -

For operators - nontoxiz; no silicosis hazard.
For marine life - no toxicity; docuented by laboratory tests by -u-.-:ie biologist at University of 41

Puerto Rico.
By others - 100% mortality in 6 hr at 1000 ppm for moharra. A;
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MATERIAL IDENTIFICATION: SON-5,

CHEMICAL-PHYSICAL PROPERTIES:

tCHEMICAL COMPOSITION: Talc, 10 micr-n, zinc stearate coated (IO" organphilic; 1010 hydrophobic).
No stabilizer.

SPECIFIC GRAVITY: 2.75 (tre.ted uaterial does not sink, in water).
FLASH POINT: Does not burn.
ICC CLASS: Not reported.
VISCOSITY: Not applicable.
MISCIBILITY: Insoluble in water.
SOLVENT COMPATIBILITY: Not applicablc.
SHELF LIFE- Indefinite.

COST: C to 10 cents per pound in carload lots. FOB Seattle, Portland, San Francisco, Los Angeljs,
Chicago, Trenton, and Boston.

DOSAGE RATE: By manufacturer - not determined. tstimates 2 to 3 parts agent for each part of oil.

APPLICATION METHOD: By manufacturer - broadcast dry onto oil slick. Only harvestirZ method used to
date is manual retrieval on shore. Reaction time - not reported. Does not
sink oil.

AVAILABILITY: inventory quantity 1 to 20 tons at Seattle, Portland, San Francisco, Los Angeles,
Chicago, Trenton, and Boston. Production of 35 tons/day possible.

USE RECOMMENDATIONS AND LIMITATIONS: By manufacturer - reconended for open sea, bay, harbor,

and estuary on fresh crude and distillate fuels. Not
effective on Bunker C or heavy fractions. Does not sin%
the ol.

SPILL EXPERIENCE: By manufacturer - used on a small f'oating slick at Caribe Hilton Hotel lagoon in
Puerto Rico (OCEAN EAGLE Spill). Hand broadcast, agitated with boat, drove
slick to shore, and picked up with squeegees, pushed up r-id shoveled sand away.

EFFECTIVENESS: B m-unufacturer - no estimate or test data.

TOXICITY:
By manufacturer

For operators - nontoxic; no silicosis hazard.
For marine life - •ntoxie.

E5
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MATER'AL IDENTIFICATION: sOM-6

CHEMICAL-PHYSICAL PROPERTIES:

CHEMICAL COMPO$STION: High purity talc.

SPECIFIC GRAVITY: 2.75.
FLASH POINT: Does not burn.
ICC CLASS Not reportsd.
VISCOSITY: Not applicable.
MISCIBILITY: Insoluble in water.
SOLVENT COMPATIBILITY: Not applicable.
SHELF LIFE: Indefinite,

COST: Not reported. (Estimated $120 per ton.)

DOSAGE RATE: Manufacturer estimates 2 to 3 parts of agent for each part of oil.

APPLICATION METHOD: Mix 1 lb/gal with water or sea water and spray on oil slick.

AVAILABILITY: Available.

USE 'F..OMMENDATIONS AND LIMITATIONS: Not reported.

SPILL EXPERIENCE. Not reported.

EFFECTIVENESS: No estimate or test data.

TOXICITY:
By manufacturer -

For operators - nontoxic ; no silicosis hazard.
For marine life - no toxicity.

!z



MATERIAL -IDENTIFICATION: SO-M-7
CHEMICAL-PHYSICAL PROPERTIES:ICHEMICAL COMPOSITION: Fullers earth (attanulgite).

SPECIFIC GRAVITY: 2.45.
FLASH POINT: ::ot anplicable.
ICC CLASS: Clay, :.OIBI'.
VISCOS;TY: 3olid.
MISCIBILITY: %'isciti~e %ith all liquids.
SOLVENT COMPATIBILITY. ::ot applicable.
SHELF LIFE:

qCOST:$.1C per '.on in. carload or -ýrue':kload lots, FOB Atta~nigus, Ga. Locally s':ailable at
dealers' warehouses at a hiC.ier cost.

DOSAGE RATE: By -.anui'acturer - as required.

APP'LICATION METHOD: By manufacturer -not specified. Reaction time -not reported.

I ~ AVAILABILITY: in. regular production and available on short notice.

USE RECOMMENDATIONS AND LIMITATIONS: By manufacturer - no use limitations or recomendations
were reported. By otheýrs - Keystone Sbipplng Co.,
Philadelphia, reports that i.t absorbs petroleum products
and sinks, that it is difficult 'to apply to sp4ills in
wi~nds exceeding 15 miles per hour, and that it is effec- 4

tive for small spills Oil ship's de'ýk.

SPILL EXPERIENCE: By man- *cturer n ot reported. Used primarily. as san all-purpose mineral absorbent.
Byothers - K~eystone Shipping Co., Philadelpxiia. reports using 21, to 100 lu Pr

small1 spills.

EFFECTIVENESS: ::ot reýrorted.

TOXICITY:

:or ozeral.ors -no limit. j

or nxrine :ife -no limit.
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MATERIAL IDENTIFICATION: SOM,-8

CHEMICAL--PHYSICAL PROPERTIES:

CHEMICAL COMPOSITION: Chrysotile asbestos - surface treatel.

SPECIFIC GRAVITY: 2.4 (in Solid' form), rackage 'cult density - 19.6 pef.
FLASH POINT: N;one.
ICC CLASS iot reported.
VISCOSITY: Not applicable.
MISCIBILITY: :'ot a=.lizat2e.
SOLVENT COMPATIBILITY: ::ct azrlicable.SHELF LIFE: Infinite.

COST: 32.j centz ror round for minimum order of 1 ton. FOB King City, Calif. Packaged in 4C-_b bags,
3-ply pa•.er with n-olyethylene overwrapp; size - 28 by 38 by 17 in.

DOSAGE RATE: By mn-,r1facturer - 6 to 15jr of the weight of oil.

APPLICATION METHOD: By manufacturer - apply Iy scoop around slic, to contain ani absorb it or appl:y
by blowers to surface of oil to absorb it. Agitate with tow wake or apply
surfactant or alcohol to drive oil into the asbestos. Remove by strainers,
zieving, ski=frg, or turning. :gniticn and f1.1ae prop.-tion do not require
"special chemicals or equipment. For sinkirg, use one tart agent to & parts
crude oil by weight, agitate vigoryazly. At 01, agent by- weight of oil, ag-
g!ccerate re-ains floating. P•acticn time - instantaneos when contactirg
fresh oil surface, increases to several minutes through oil-water interface.

AVAILABILITY: Aval b•ale natio..ide a- 12 w-arehouse loratio:.s. Plant and warehouse inventories areSsuzbect to adJustment cc=e.surate with use require=ents.

USE RECOMMENDATIONS AND LIMITATIONS: Py manufacturer - reco-eded for open sea, bay, harbor,
4est-ary, and shore for Bunker C, fresh and weathered

crides, and distillate fuels. No limits on temperature
or sea state. Should be applied prior to dispersants r.nd
surfactants. Not effective on emulsified oils. Uncon-
tacted material floats on water surface. Intense agita-
tion will displace air film mad .-ermit it to sinkt. Apply
offshore of beaches to intercept and agglomerate the oil.

SPILL EXPERIENCE: By manufacturer - no spill experience to date - laboratory tests and a limi tid test
on the Buffalo River.

EFFECTIVENESS: By manufacturer - OO1 - high removal effected with use of surfactant scavenging of
agglomerated oil. ::aterial is hy,'drophobic and oleophilic.

TOXICITY:
By manufacturer -

Forrorerators - per Sax "%angerous properties of Industrial :-aterials" 2nd rd., acute local, irritant
slight, inhalation =cderate: acmte systemic none; chronic local ir.haLlation h h;
chronic systemic u-?.nc*,;r. Inhalation per U. S. Department of La'cr - 2 x i.. 'ar-
tidles per cubic foot of air -nmax.L .ermissible.

For marine life basic mineral and surfactant are insoluible.

E8
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MATERIAL IDENTIFICATION: SOH-9 ,.

CHEMICAP4YCL XMPROPERNi ES. r-t surface trc-ated.

ICC CLAW& Not reported.

vjSCosITY: TPot opplicable.
MSCBILITY. N~one.
SOLVENT COMPATIBILITY. Hot applicablo.
SHELF LIME infinite.

COST: Priced from 15 to 20 cents per pound depending on quantity, MOB King City, Calif.

DOSAGE RATE. By manufacturer -10 to 15% oi the weight of oil.

APPLICATION METHOD- Ftbr sinking, use one part agent to eight parts crudie oil by weight, agitate

vigorouslyr. Rer-ction time - iristantaneous w~hen cantacting fresh oil sur-

facc. Increases to s.zveral minutes with weathered or emulsified6 oil.

AVAILABILITY: 100-ton inventory quantity; 30 tons/day product-ion rate possibir up~n 72-hr notice.

USE RECOMMENDATIONS AND LIMITATIONS: By manufac-curer -recocgneded for open sea, bay, harbor,
estuary, and shore fm~ r--Lk,-r C, fresh and veathered
crudes, and disti1~ate ±'ielzn. No limits on temperature

or sea state. o,;v.;A be applied prior to dispersants
and rurfectan~ts. Nct tt:ective on erulsified oil. Un-
,.ontact~ed inatterlial rl-' float for a short time.

SPILL EXPERIENCE: By manufacturer -no spill experience to date; labc.-atory tests and limited field
tests have been condAucted.

EFFECTIVENESS: By manufacturer - 100%; high remcval etfected vith use of surfactant scavenging of
a gglWerated oll.

!CJXICITV: By manufacturer - Ar~soluble; per Sax "Dangerous Properties of Ir~u.~triql Y~terials," 2nd
eedli-on, acute local, irritant slight, inhalW~4on moderate; acute sydtemic none; chronic
local, itbala~on high* chronic Vystemic uankcwn. Ma~laviou per 1j. 3. Departmnent of
Labor - X I&,-nrt.ce per cuoic foot of ait taxissm permissible.
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MATERIAL IDENTIFICATION: W~-1-0

~ CHEMICAL-PHYSICAL PROPERTIES:

CHEMICAL COMPOSITION: Cationic asbestos.

SPECIFIC GRAVITY: 2.~45.
FLASH POINT.: Ione.
ICC CLAWS Hot reported.
VISCOSIT: Not applicable.
MISCIBILITY- Hione.
SOLVENT COMdPATIBILITY: Not applicable.

~; I SHE!LF LIFE:- Infinite.

COJST. 7.0 cents per pound faor orders of less than 1630 lb, FMB King City, California. Packaged in
__- Ii03.1 bags. Pallet weitrpt 1600 lb. Mvailable at slieht~l reduced rates for orders greater

thllf 1600 lb.'IDOSAGE RATE: By canitfacturer -10 to l.5% of the wieiht of oil.

APPLICATION METHOD: By msanufacturer -add directlj to the oill-contaminated waste water with enough
a&gitation to assure adequate contact.* Thle asbestos/oil agglomerates can then
be rezoved by skimmcing, ztraining, or sedimenzation.

AVAILABILITY: looo-ton inventory at King City, California; 50 tons/day production rate possible upon
2h-hr notice.

USE RECOMMENDATIONS AND LIMITATIONS: By ir~anafacturer - recossended for open sea, bXay, harbor,
estuary$ and shore for Bunker C, fresh or weathered
crude, and distillate fuels. No limits cn temperature or
sea state. Should be applied prior to dispersant and
surfactanits. Agglcmerated oil does not float.

SPILL EXPERIENCE: By manufacturer -no spillI experience to date. laboratory tests and limited field
*..sts have been conducted.

EFFECTIVENESS: By =walftirer 1 00r.' insttantaneous reaction t.hen ccnt'tcting fresh cii surface,
Inzreases to several) minutes through. oi1-water interfaco.

TOXICITY: By r.-rjfacttrcr - flr operatcrc - per Sa: "~neosPoete tIdsra aeii '

C ~~~d edit icn, acute loc~al, irritant alli& t, inhalation moderate; acute systemic Ae

chronic local. i-,tha.ation high chrza~i* syst.emi-c un'nv.inhalation per U. S. repartment

of Labor -2 X -C Particlcs per suabic Coot of air maxi-mu-m permissible.

E1
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MATERIAL IDENTIFICATION: SM~-11

CHIEMICAL-P44YSICAL PROPERTIES:

CHEMICAL COMPOSITION: I~rcirated maa;ies!um aluminum silicate.

SPECIFIC GRAVITY. Sulk. density - 27 to 33 -'2f
FLASH POINT: K'One.
ICC CL ASS: ?Not reported.
VISCOSITY: Hat applicable (dry granular product).
MISCIBILITY. Insoluble.
SOLVENT COMPA'"ILITY: Ine-t and insoluale.
SHELF LIFE: No Amit.

C ST 50 Per ton in truck-load lots, $33.25 to $37.25 per ton in carload lotst (60,000 1b), -FGB Meigs,

DOSAGE RATE: B:: nanufacturer - 1:1 to 1:3 egent to oil by weight.

APPLICATION METHOD: 'By manufacturer - apply. by dusters. Ho agitation required. After nbsorption
is complete, nixture of clay and oil on w~ter wifll sink on slight agitation
or addition of surfactant. For beachi cleaning, sprinkle on beach to absorb
deposited oil; rec-ove and rdspose of oil-soaked clay. R~eaction time - not
remported.

AVAILABILITY: inventory -500 tons at '.eigs, Georgia. Production of IC tons/hr possible at !:eigs.

Avaial in different =esh sizes.

USE RECOMMENDATIONS AND LIMITATIONS: By manufacturer -recomended for open sea, bay, harbor,I

estuary, and shore for use on Bunker C, fresh and
weathered crudes, and distillate fuels, as a sorbent,
sinking agent., and betitch cleaner. Stable under all
temperature conditions for 'storage.

SPILL EXPERIENCE: By -auat u laboratoryr tests have been performed. lit spill experiencej

EFFECTIVENESS: By manufacturer -one part of agent by weight vill absorb 1 to 3 parts of oil.j

TOXICITY:

Fo)r operators -completey nontoxic and ncnrhazardous.
-'or --r-rlne lif-- iantoxic.
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MATERIAL IMENIFICATIOIN: SW4-32

CIHEM!CAL--PIYSIMAL PROPERTIES:

CHUWAL CiWC (•S3 Naturally occurring nmontorillonite and palygorsk~te.

WECIFIC GRAVITY: Bulk density - 27 to 4o per.z• ~ ~FLASH POW.'f Hone.] .

I0C CLASS: Not reported.
P! ISCSN: Not applicable (dry granular product).

M13ML3U1Y: Insoluble.
SOLVENT COWATIUTY: Good.
SHELF LIFE. No limit4

COST: Not reported. (Estimated 420 per ton.)

DOSAGE RATE: By manufacturer - 1:1 to 1:3 agent to oil by weight.

APLCATION METHWD: By manufacturer - apply by dusters. No agitation required. After absorptionSis complete, mixture of clay and oil on vat-r wil sink ou slight agitation
or addition of surfactant. For beach cleantig, sprinkle on beach to absorb
deposited oil; remove and dispose of oil-soaked clay. Reaction time - nat
reported.

AVAILABILITY: Inventory - 500 tons at Meigs, Georgia. Production of 10 tons/hr possible at Meigs.
Available in different mesh sizes.

USE RECOMMENDATIONS AND LIMITATIONS: By manufacturer recommer.ied for open sea, bay, harbor,
estuary, and shore for use on Bunker C, frech and
weathered crudes, and distillate fuels, as a sorbent,
sinking agent, and beach cleaner. Stable under all
t•perature conditions for storage.

SPILL EXPERIENCE: By manufacturer - laboratory tests have been performed. No spill experience
reported.

EFFECTIVENESS: By manufacturer - oue part of agent by weight wi.l absorb 1 to 3 parts of oil.

TOXICITY:
By manufacturer-

For operacra - completely nontexic and n.onhazardous.
For marine life - nutoxic.
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MATERIAL IDENTIFICATION: S4-3 13

CHEMICAL--PHYSICAL PROPERTIES:

CHEMICAL COMPOSITION: Carbonized, chemically coated sand.

SPECIFIC GRAVITY. 2.60; bulk density 1Th68 &/cc.
FLASH POINT: IiOne. Will not ignite.
ICC CLASS: Chemical U101.
VISCOSITY: Dry solids.
MISCIBILITY: Fydropl.obic.
SOLVENT COMPATIBILITY: Not applicable.

SHELF LIFE: lndefinLite.

COST: Bm amnufacturer - $3.75 per 100 lb, or $75 to 48o per ton.

DOSAGE RATE: By manufaeturer - 2 to 3 parts of agent to I part of oil for all types of oJ i.

APPLICATION METHOD: By maanfacturer - varit.ble pressure apparatus; for example, for thin oil films
a near zero velocity application such as dusting gives better results, whereas
for thicker layers a higher velocity application from an air hose or sand-
blaster apparat's seems to be more suitable.

I
AVAILABILITY: "..'1U be available by Jan 1, 1971. 1

USE RECOMMENDATIONS AND LIMITATIONS: By manufacturer - material will sink all types of oil in j
fresh or salt water. It is more efficient, however,
in sia.ing the more viscous oils such as crude and
bunker.

SPILL EXPERIENCE: No large spill experience to date. 1;

EFFECTIVENESS: By manufacturer - 100% effective in sinking and holding oil '.hen applied properly.
Material which does not contact visible oil Is wasted.

TOXICITY: Nontoxic.

E13
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MATERIAL IDENTIFICATION: SCH-l4

CHEMICAL-PHYSICAL PROPERTIES:

CHEMICAL COMPOSITION:- Fly ash treated with cblorosilane residue, then neutralized.

&.CIFSC GRAVITY: Bulk density: 0.9 ,/cc.
FLASH POINT: Not applicable.
ICC CLASS: E.n.e.
VICOSIrU: Not applicable.
MISCIBILITY. Not app2icable.S~SOLVENT COMPATIBILITY: Not applicable.
SHELF LIFE: Unlimited.

COST: Not reported. (Estimated'$100 per ton.)

DOSAGE RATE: 1:0.5 to 1:0.9 agent to oil by weight.

APPLICATION METHOD: Any method that will apply the material dry.

AVAILABILITY: Unlimited vith pilot plant for surface treatment.

USE RECOMMENDATIONS AND LIMITATIONS: No limitations.

SPILL EXPERIENCE: Not reported.

EFFECTIVENESS: Not reported.

TOXICITY: Unknown.

E14~
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MATERIAL IDENTIFICATION: SV,'!-l5

CHEMICAL~-PHYSICAL PROPER7IES:

CHEMICAL COMPOSITION: Fly ash treated vith Dow Cornin.3 12Cg Silane, then neu~tralized.

SPECIFIC GRAVITY: Bull, density: 0.83 g/cc.
FLASH POINT: H~ot applicable.
ICC CLASS: N;one.
VISCOSITY: Not applicable. 0
MISCIBILITY: 1?ot applicable.
SOLVENT COMPATIBILITY: :lot applicable.
SHELF LIFE: Unl.imited.

COST: 'lot reported. (Estirated $100 per ton.)

DOSAGE.RATE: Appro~xiate3,y 1:0.5 agent to oil by weieft..

APPLICATION METHOD: Any method that will appCly the material. drr.

AVAILABI1LITY: -Unlimited with pilot plant for surface treatment.I

USE RECOMMENDATIONS AND LIMITATIONS: Nro limitation.

SPILL EXPERIENCE: !?one.

EFFECTIVENESS: :'ot rey)rted.

TOXICITY: un~n~coin.

E15
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MATERIA0. IDENT& CXATION: Sa-1-16

CI4EMIC t. '*IYSICAL PROPERTIES:

ChZL COMIOSITIWN: Sand treated with Dow Corning 12Cg S1 lane, then neutralized.

SPECIFIC GRAVITY: Bulk density: 1.46 g/cc.
FL.ASH POIPIfl Pot applicable.

SiOLV~LIENTCOMPATIBILITY:SO HoE t applicable.

COST. Not re-orted. (Estimated $75 per ton.)

P*,7AGE RATE: Approximate-y 1:0.5 agent to oil by weight.

-4V0NMETHOD: An, -tethod that will apply the zaterial dry.-

AVAILABILITY: Unlimited with pilot plant for murt-:e twektmeit.

USE RECOMMENDATIONS AND LIMITATIONS: No limitations.

SPILL EXPERIENCE: Not rerarted.

EFFECTIVENESS: Not reported.

TOXICITY: Unknuown.
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MATERIAL IDENTIFICATION: SOM-I?

CHEMICAL-PHYSICAL PROK51TIWI:

CHEMICAL COAVWITION: Czcvfnt byproduct, major ingredients
SiO (13.41%) and CaO (51.3%).

SPECIFIC GRAVITY: Bulk dtusity: 50 Rcf
FLASH POINT: Not applicable.
ICC CLAS: None.
VSCsITY: Not applicab1.•.
MISCII,.4TY: Not applicable.
SOLVE?:T •M•,ATIBSLKIY: Not applicable.
SHELF LIFE.: ;.' last I yr in steel silo.

COST: Not reported. (Fatimated $100 per ton.)

DOSAGE RATE: Not reporteJ'.

APPLICATION METHOD: Any method that will apply the material dry.

AVAILABILITY: Unlimited.

USE RECOMMENDATIONS AND LIMITATIONS: No limitations.

SPILL EXPERIENCE: Used in small moat contaminated with diesel fuel with good results.
Twelve mallard ducks and a moorhen heavily coated vith diesel ftel
were cleaned usi the dry material to remove oil from feathers.
Results were excellent.

EFFECTIVENESS: Not reported.

TOXICITY: Nontoxic.
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MATERIAL IDENTIFICATION: ScM-18

CHEMICAL-PHYSICAL PROPERTIES:

CHEMICAL COMPOSITIONO: M.ajor ingredient - kaolinite; remainder - amorphous silica (beta-S• crystobalite ).

SPECIFIC GRAVITY: Hot reported.
FLASH POINT: Not applicable.

ICC CLASS: Crude clay.
VISCOSITY: Not applicable.
MISIIBILITY: Insoluble in vater.
8OLVENT COMATIBILITY: Not appl:icable.

- SHELF LIFF.: Unlimited.

COT: $58 per ton, 50-lb bags, FOB Soccrro, Yew Mexico.

DOSAGE RATE: By manufacturer - 2.5:1 agent to oil by weigh'.

APPLICATION METHOD: By manufacturer - apply by any method that wili. uniformly spread the materi-l
on the surface of the floating oil. A method using air spray has been
developed. Reaction time - immediate.

AVAILABILITY: Inventory quantity - 50,000 tons in New Mexico. Production rate of 75 tons/day - can
be expanded to meet demand.

USE RECOMMENDATIONS AND LIMITATIONS: By manufacturer - recommended for open sea, bay, harbor,
estuary, and shore on Bunker C, fresh and weathered
crudes, and distillate fuels, under any conditions of
temperature ad sea state. Store to protect bags from
rain.

SPILL EXPERIENCE: By manufacturer - successfully tested by Union Oil on Santa Barbara oil slick in
may 1.969.

EFFECTIVENESS: By manufacturer - observations during bloassay test for manufacturer indicate that at
2.5:2 and 4:1 dosages (agent to oil by weight), most ol2 settled. Some floating
oil remained. At 6:1 and 8:1, nearly all oil settled; however, some oil returned
to the surface.

TOXICITY:
By manufacturer -

For operators - no limit, nontoxic.
For marine life - nontoxic.

By others-
Cook Research Laboratories, Inc., work indicates:

a. Up to 4 g of SCP-18 per liter of water produced 1LO% survival of (Fundulus) fish using 2tandard
methods and FdPCA interim toxicity procedures.

b. Tests with SOM-18 and oils (#2 fuel oil, fuIel oil, West Texas crude, and Santa Barbara
Channel crude) indicated at least W0% sarvtval of Fundulu3 in 24-, 48-, and 96-hr standard
methods and WCA interim toxicity procedures tests.

Te-ts performed by Pacific Engineering Laboratorr for the manufacturer indicate M50 using standard
methods and FWiPC tests were inconclusive. It was stated that neither SOM-18 alone nor with oil
indicated a high degree of toxicity.



MATERIAýL IDENTIFICATION: so:m-i9

CHEMICAL-PHYSICAL PROPERTIES:
CHEMICAL COMPOSITIOI: SbO2 Ptirticles rendered oleophilic vith Proprietary treatment.

SPECIFIC GRAVITY.' 2.65.
FLASH POINT: Does not burn and vill extinguish fire.
ICC CLA
VISCOSITY:
MISCIBILITY: Insoluble in vater.
SOLVENT COMPATIBILITY:
SHELF LIFE:* indefinite.

COT O lonts. Vapriosimatve~,ly 007 e bi laspleie andy loadedinrOT: ai lrant bppoxicates y FOB Bltmre p dap~iatl 002er lb in 10-bbasplltzd n oae n
14 DOSAE RATE: Vre te-nl to 4-: at adsobet to oil byvolm deediuponrat ofapplication, apiainmtotp fol n eprtrs

APPLICATION MEHD or most effective removal, slow continuous feeding of the oil slick

AVAILABILITY 100,000-lb carloads~ available from receipt of order. Small quantities

USE RECOMMENDATIONSAND LIMITATIONS: Recommended for removal of oil from the sea by
sinking or for removal of oil from harbors,
bays, and open sea in conjunction with the
manufacturer's Sub-surface Recovery System.

SPILL EXPERIENCE: Laboratory models only.

EFFECTIVENESS: 7he material is 95 to 100% effective on light and ardium-viscosity oilc..

Removal is immediate. On very heavy oils, removal takes more time anid- repeated application may be nec-essary.

TOXICITY: No knovn toxicity.

Big-
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MATERIAL IDENTIFICATION: S014-20

CHEMICAL-PHYSICAL PROPERTIES:

CHEMICAL COMPOSITIONd: SjO2 particles with proprietary treatment Including water.

SPECIFIC GRAVITY: 2.65.
FLA$" POINT: Does not burn and will extinguish fire.

ICC CLASS: I
VISCOSITY: Approximately 60 to 80 seconds in H20 slurry tested on #4 Ford Cup at 72 F.
MISCISILITY: Insoluble In water.2
SOLVENT COMPATISILITY: Not applicable.
SHELF LIFE-~ Indefinite.

COST: FOB plant, approximately $0.0179 per lb in 100-lb bags palletized and loaded in
railroad boxcars. Railroad boxcars-have 50-ton minimum freight charge. FOB
Baltimore, Md., approximateli $0.0227 ppy lb In 50-ton lots.

DOSAGE RATE: Varies between 1.14:1 to 14.5:1 parts stlurry to oil by weight depending
upon rate of application, application method, type of oil, and
temperatures. Thick oils require less slurry.

APPLICATION METHOD: Add fresh or salt water in ratio of I part water to 14 pat
SOM4-20 and nix until psatelike consistency obtained. Sp-ray
slurry onto oil slick.

- - AVAILABILITY: Plant presently available for production.

USE RECOMMENDATIONS AND LIMITATIONS: This material is moat ideally suited for use in conjunction
___________________- - with the menuflactiner's Sub-surface Recovery System. The

material enables oil to be transformed from a slick floating
on the surface to bafls of oil coated with an encapsulating
blanket of white sand pairticies. The blanket of sand around
eachball1 of oil not only contains the oil but Increases the
weight sufficiently to allow gravity to pull the oil into a
subsurface containment tin or to the bottomn of the ocean.

SPILL EXPERIENCE: Laboratory models only.

EFFECTIVENESS: The slurry system is more e~ffrctiwe with heavy oils than light oils. It is also
more effective on thick layers of oil than on extremely thin layers of oil.

TOXICITY: No known toxicity.
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MATERIAL IDENTIFICATION: SOH-21

CHEMICAL-PHYSICAL PROPERTIES:

CHEMICAL COMPOTION: SL02 particles rendered oleophilic by proprietary treatment.

mPCIFiC GAAVITY: 2.65.
FLASH POINT: Does not burn and vinl extinguish fire.
ICC CLASS:
V UOWITY: Not applicable.
MISCILITY: Insoluble in rater.
SOLVEWT COPATIBILITY: Not .pplicable.
SHELF LIFE: Not definite.

COST: FOB plant, approximately $0.02 per lb in 100-lb bags palletized and loaded in railroad
boxcars. Railroad boxcars have 50-ton minimum freight charge.

DOSAGE RATE: Dosage varies between 1:1 to 5,:1 parts adsorbent to oil by volume depending upon
- -. • rate of application, application method, types of oil, and te~erature.

APPLICATION METHOD: -For most effective removal, slow continuous feeding of the oil slick
- through a system of tubes is recomended. Material- y also be applied

via a sieve or direct pour.

AVAILABILITY: 100,000-lb carloads available 2 weeks from receipt of order. Small quantities
available immediately.

USE RECOMMENDATIONS AND LIMITATIONS: Recomended for removal of oil from the sea by sinking
or for removal of oil from harbors, bays, and open
sea in conjunction with the manufacturer's Sub-surface
Recovery System.

SPILL EXPERIENCE: laboratory models only.

EFFECTIVENES:: Material is 95 to 100% effective on light and medium-viscosity oils. Removal is
is imdiate. On very heavy oils, removal takes more time and repeated appli-
cations ay be necessary.

TOXICITY: No knovn toxicity.

E21
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MATERIAL IDENTIFICATION: So1-22

CHEPAWAL-444VSIAL PRFOPERTIES:- .
CI OCAL-YL PON PT 8i0E particles rendered oleophilic by rroprietary treatment.

2

SPECFIC GRAVITY: 2.65.FLAW pm~r: Does not burn sad vwin suffocate fire.

VVISOSITY Not applicable.
MCII UUY: Insoluble In vater.
SOLVNTf CWWPATIULTY.: Not applicable.

IELF LIFE: Indefinite.

COST: Undetermined. (Estimated $75 per ton.)

DOSAGE RATE: Dosage varies between .1:1 to 2:1 parts adsorbent to oil by volume depending
upon rate of applicat.on, application method, type of oil, and temperature.

APPLICATION METHOD: For most effective removal. slov continuous feeding of the oil alick L
through a system of tubes is recommnded. Material my alsd be
applied via a siev%' or direct pour.

AVAILABILITY: At the present time this material Is available on an experimental basis only.

USE RECOMMENDATIONS AND LIMITATIONS: Recended for removal of oil from the sea by
sinking or for removal of oil from harbors,
bays, and open sea in cojaumction vith themanufacturer's Sub-surface Recovery System.

-Ill EXPERIENCE: Laboratory models only.

EFFECTIVENES: Material is 95 to 100% effective on light and mediun-viscosity oils.
Removal Is immediate. On very heavy oils, removal takes more time
and repeated applications my be necessary.

TOXICITY: No known toxicity.
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MATERIAL IDENTIFICATION: S014-23

CHEMICAL-.PHYSICAL PROPERTIES:I
CHEMICAL COMPOSTIOW 3102 particles rendered oleophilic by proprietary treatment.

SPECIFIC GRAVITY: 2.60.
FLASK POINT: D*es not burn and will extinguish fire.

ICC CLASIL:
VIscOSITY Not- applicable.
MISCIBILITY: Insoluble in water.

SOLVEW7 COMPATIBILITY. Not applicable.
SHELF LIFE.~ Indefinite.

COST: FOB plant, approximately $0.0279 per lb in 100-lb bags palletized and loaded in

- railroad boxcars.

DOSAGE RATE: Dosage varies between 0.8:1 to 3:1 parts adsorbent to oil by voluw.
depending upon rate of application, application method, type of 1
oil, and temperrnture.

APPLICATION METHOD: For moet effective removal, Slav contindous feedin of the
oil slick through a system of tubes is reconmnded. Material
my also be applied via a sieve or direct pour.

AVAILABlILITY: This material has never been produced comeercially but large production
plant exists.

USE RECOMMENDATIONS AND LIMITATIONS: Recommended for removal of oil from the sea
by sinking or for removal of oil from bar-
bors, bays. and open tea by the manutacturer's
Sub-surface IRecovery System

SPILL EXPERIENCE: Laboratory modlels only.

EFFECTIVENESS: 'Uterial Is 95 to 100% effective on ligh~t and mediw_-viscosity cils. R*e-

moval is irnmeedate. On very heavy o~ll, removal takes more time and

repeated application my be necesc-ary.

TOXICITY: no known toxicity.
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APPENDIX F: PHOTOGRAPHS SHOWING PARTICLE
SHAPES OF OZIL SINKING MAT-ERIALS
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Photo Fl. Top: SCK-23, treated sand; bottom left: SCW-20, tzeated
sand; and bottom right: SCI-2, treated chalk. Magnified
xlOfor comparison
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Photo F10. S0OM-16, silicone treated uand, xlO
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Photo F124. SOIM-22, treated sand, x1Q
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Photo F15. SOM-l, latex-coated barite, xlOO
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Photo F17. som-4, untreated talc, xO00
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Photo F18. SOM-5, treated tale, xlOO
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APPENDIX G: SPECTRA OF OILS USEDI I
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