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13, ASSTRACT

The purpose of this program wes to investigate materials that can be utilized in the
cleanup of massive oii spills by sinkirg the oil. The progr:wm waz divided into four
phaces as follows: Thase I, Survey of the State-of-the-Art; Phasu II, Development cf
Standard Test Procedures; Phase I7I, Tests of Sinking Materiels; Fhase iV, Tests Analy
sis and Conclusions. This repcrt completes the program as funded and covers the re-
sults of Fhases III ard IV; also this report recapitulates pertinent pcrtions of Fhase
T and IZ, both of +hich have teen previously reported. Twenty-three oil sinking mate-
rials, which had been located in Phese I, were screened and tested, (Fhase III) in sc-
cordance with applicable test methoas developed in the Phase II study (Appendixes A,
3, C, and D). Or the basis of current information, these naterials were evaluated
{Phase IV) as dry-application sinking agents for oil. Pactors such as cost, avail-
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. ebility, effectiveness in sinking and retaining oil, and hezards to personnei and plan §

E " life were considered in meking the evsluations. Eight pmaterisls were identified as )
= dry -pplicatior all--ceason sinking agents for one or more oils; nine materials were E
= identified as dry-application rrovisional sinking agents for one or more oils. One ma %
terial was identified as a dry-applicsticn all-season sinking agent for all of the oil =
tested; one material was a dry-application provisional sinking agent for all of the f__gg

oils tested. =
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FOPEWORD

This investigation was authorized by DD Form L4S, dated 25 June
1970 and 15 Cctober 1$7i, MITR No. 2Z-70099-0-00583, from Commandant
(FSP-1), U. S. Coast juard.

The study was conducted at the U. S. Army Engineer Waterways Ex-
verinent Station (WES) under the direction of Messrs. E. Mather, J. M.
Polatty, V. D. Fdgerton, and L. Pepper. Messrs. B. J. Houston and R. W.
Crisp served as Jroject leaders “or portions of the test program. This
report was preparcd b~ Messrs. B. J. Houston, E. C. Roshore, and V. D.
Edgerton. Mr. Le> Tobias, Office, Chief of Engineers, served as liaison
between the U. 5. Coast Guard and the WES. Cdr William E. Lehr, Chief,
Poliution Control Branch, Office of R&D, U. S. Coast Guard, was the
oroject cfficer and was assisted by Mr. William C. McKay.

COL Ernest D. Peixottc, CE, wes Director of the Waterways Experi-
ment Station during the conduct of this study. Mr. F. R. Brown was

Technical Director.
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CONVERSION FACTORS, BRITISH TO METL.IC UNITS OF FEASUREMENT

British units of measurement used in this report can be converted to

metric units as follows:

Multiply By
inches 2.54
feet 0.30L48
square inches 6.4516
square feet 0.092903
cubic feet 0.0283168
feet per second 0.3048
knote (international) 0.51LLkiY
pounds 0.45359237
tons (2000 pounds) 907.185
pounds per square inch 0.00689476
pounds per cubic foot 16.0185

0.0160185

galions (U. S. liquid) 3.785k12
harrels 0.1589873
Fshrenheit degrees 5/9
centipoises 0.001
centistokes 0.01

To Obtain

P T

~entimeters

neters

siquare centimeters

square meters

cubic meters

meters per second

meters per second

kilograms
kilograms
megapascals

kilograms per cubic meter
grams per cubic centimexer

cubic decimeters

cubic meters

Celsius or Kelvin degrees*

newton-seconds per square

meter

square centimeters per

second

¥ To obtain Celsius (C) temperature reasdings from Fahrenheit (F) read-
To obtain Kelvin

ings, use the following formuia:

c = (5/9)(F - 32).

(K} readings, use: K = (5/9)(F - 32} + 273.15.
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§§, SUMMARY LR
=
) -é The purpose of this program was to investigate materials that can §
e L. utilized in the cleamip of massive oil spills by sinking the oil- 2
2 The program wes divided into four phases as follows: E
-EEN‘\ ‘:
s Fhase I: Survey of the State-of-the-Art :

Phase II: Development of Standard Test Procedures

. Ml

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 poriions
of Phases I and 1I, “oth of which have been Freviously reported.

I
st e

L T T R R

Twenty-three o0il sinking materials, which had been located in
Phase I, were screened and tested (Phase III) in accordance with srpli-
cable test methods developed in the Phase IT study (Appendixes A, B, C,
and D). On the basis of current information, these materials were eval-
uated (Phase IV) as dry-appiication sinking agents for oil. Factors
such as cost, aveilability, effectiveness in sinking and retaining oil,
and hazards to personnel and plant 1life were considered in making the
evaluations.

bl

A

Zignt materials were identifi-~? as dry-application all-season
sinking agents for one or more oils, nine masterials vere identified as
dry-application provisionel sinking agents for one or more oils. Ore
maierial was identified as a dry-application all-season sinking agent :
for ail of the oils tested; one material was a dry-application provi- =
sional sinking agent for all of the oils tested.
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GLOSSARY

SOM (0il Sinking Material). Ternm used tc identify materials
submitted by manufacturers for evaluation as sinking agents.

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

Sorbent. A material that, shen appiied to floating oil, sorbs
(adsorbs aund/or absorbs) oil but does nct effectively sink; oil and sor-
bent both remain cn the surface.

Optimum 0il retention potential. An index of the optimum cap-
ability of a SOM to retain a given oil submerged. The index is deter-
mined by the retained 0il:SOM ratio by weight at 18 hr, under static
laboratory conditions. This index may be determined both for sinking
egents and scrbents as presented in Appendix A.

Ambient temperature. The temperature of the surrounding air.

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

Sinking efficiency. 7he ability of a SOM to act as a sinking
agent for oil and sink arn 0il layer on water. Sinking efficiency is ex-
pressed by the 0il:SOM ratio (by weight) required to sink at least 9C
percent of the o0il film thickness used. The test metnod is given as
Aprpendix B.

Retention capability. Defined as the ability of the oil:sink-
ing agent mass to retain its oil after sinking. The ratio of the weight
of the 0il retained tc the weight of the sinking agent used is a measure
of the retention capability.

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

All-season sinking agents. Sinking agents which were testad
for sinking officiency at 40 F, 60 F, and 80 F and found tc be effective.
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Provisional sinkin ents.,
for sinking efficiency at 60 F o

Nonsorbent.
S=sorbent.

Sinking agents which were tested
nly and found to be effective.

A material that does not adsorb or absorb oil.
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INVESTIGATION OF SINKING METHODS FCR REMOVAL OF
OIL POLLUTION FROM WATER SURFACES

. Report 3
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TESTS AND EVALUATION OF OIL SINKING MATERIALS

KEY

0il Sinking Materials

Identifi-
cation
Manufacturer No. Trade Name
Phillips Scientific Corp. SOM-1 Latex coated barite

(a subsidiary of Phillips Petroleum Co.)
Bartlesville, Okla. T4003

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

Wyandotte Chemicals Cerp. SOM-3 Zorb-All
J. B. Ford Division
Wyandotte, Mich. Uu8192

United Sierra SOM-k4 Mistron Vapor
Divisgion of Cyprus Mines Corp.
Trenton, K. 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-T SCi~Speedi-Dry
Minerals & Chemical Division
Menlo Park, Edison, N. J.
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0il Sinking Materials (Continued)

Identifi-
cation
Manufacturer No. Trade Name

Union Carbide Corp. SoM~8 Calidria Asbestos
Mining and Metals Div.sion R-Ghbl
R&D Department
Niagara Falls, N. Y. 14302
Urion Carbide Corp. SOM-9 Calidria Asbestos
Mining and Metals Division S-Ghky
RéD Department .
Niagara Falls, N. Y. 14302
Union Carbi.de Cort. SOM-10 Calidria Asbestos
Mining and Metals Division HPO (High Purity
R&D Department Open)
Niagara Falls, N. Y. 1k302
Waverly Minerals Products Co. EM-11 HI DRI
3018 Market Street
Philadelphia, Pa. 1910k
Waverly Minevrals Products Co. SOM-12 Megsite Fines
3018 Market Street
Philadelphia, Pa. 19104
International 0il-Lok Contrecl, Ltd. SGM-13  0il Lok
1970 Spicer Road
Northk Vancouver, B. C., Canada
Dow Corning Corp. SOM-1L  Silicone treated
Midlend, Mich. L8640 fly ash
Dow Jorning Corp. SOM~-15  Silicone treated
Midland, Mich. L8640 fly ash
Dow Corning Corp. SOM-16  Silicone treated
Midland, Mich. 43640 sand
Destroyl Ltd SCM-17 Cement byproduct
Goldlay, Burnt Miiis Road
Nevendon, Rasildon
Essex, United Kingdom
Aqua Pura Inc. SOM-18 Hydrated potassium :
1000 Country Club Lane NW eluminum silicate
Albuguerque, N. Mex. 8711k
The Burns & Russell Co. S0M¥-19 Treated sand
P. 0. Box 6063 BR Globulator 101
Baltimrore, Md. 21231
The Burns & Russell Co. SOM-20 Treated sand BR

P. 5. Box 6063

Baultinore, Md. 21231

Yrv
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55
e

AN L

ji

AR bl S0 bt TG A Ao KA A LML o o5t o AN P O AR 0 b s e NAR A A e ook vt

it



ot i A et
R AT e e T BT

—F R

1” !
\JWI
B
w“ {
F"‘

0il Sinkingz Materials (Continued)

== e

Identifi~
cation
Manufacturer No. Trade Name

The Burns & Russell Co. SOM-21  Treated sand

P. 0. Box 6063 BR Globulator 102
Baltimore, Md. 21231

The Burns & Russell Co. SOM-22  Treated sand

P. 0. Box 6063 BR Globulator 103
Baltimore, Md. 21231

The Burns & Russell Co. SOM-23 Treated sand

P. 0. Box 6063

BR Globulator 104

Baltimore, Md. 21231
Oils _
Identifi-
cation
No. Description Source
1 North Louisiana paraffinic-based cruds Humble 0il Co.,
(1ow-viscosity crude oil) Baton Rouge, La.
2 South Louisiana naphthenic-based crude Humble 0il Co.,
(low-viscosity crude o0il) Baton Rcuge, La.
3 South Louisiana naphthenic-based crude Federal Water Quality
(low-viscosity crude oil) Control Administra-
tion, Edison, N. J.
N Diesel o0il (low viscosity) Federal Water Quality
Control Administra-
tion, Edison, N. J.
5 Residual fuel oil (Bunker C), a high- Federal Water Quality
viscosity oil Control Administra-
tion, Edison, N. J.
6 Bachequera, Argentina type asphaltic Federal Water Quality
high-viscosity crude oil from Control Administre-
Tia Juana, Venezuela tion, Edison, K. J.
7 SAE 30-wt motor oil (lube oil)

American 0il Co.,
Vicksburg, Miss.
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INVESTICATION OF SINKING METHODS FOR REMGVAL OF OIL
POLLUTION FROM WATER SURFACES

»é@&ﬁﬁ$ﬁ

e

i
&

i
R

TESTS AHD EVALUATIOR OF CIL
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PART I: INTRODUCTION

0

i
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Background F

1. 0il pollution is a problem that has been present for most of
the twentieth century, but the magnitude and frequency of oil spills
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*

T

of o0il into coestal waters.l Many research projects are being carried

Al

-

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

preventing oll spillage and tc successfully deal with floating oil when

i

=l

T TERT T
"

?t 32 it does occur.

1; %g% 2. Wnen offshore spills occur, generally the first action is to ;
3 = attempt to contain the o0il by use of booms end recover it by use of E
;i == pumps, skimmers, or oil-attractiang belts or cylinders. When this is not §
‘é successful, floating materials are often spread on the oil to absorb it § ’
;; ‘-71 and are then collected for dispusal. Control methods such as burning, % :
_5: ’ dispersing with chemicals, and sinking are normslly only to be used when % :
;; the initial actions are umsuccessfui and the oil is uncontained at sea E ¢

and in danger of polluting the shoreline. The Natiocnal 0il and Hazard-

}\w“ iblot

wsmmﬁﬂs%nmmn%mMymyﬂm(hmlwmgwﬂﬁmsm&

L
CrraN
§

sinking sagents or dispersants are not to te 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

LR K (S o W |

T ———

* A tabie of factors for converting British uaits of measurement to
metric units is given on page vii.
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methods are judged to be inadsquate or unfeasible by the Fedesral Water

Quality Administration.
ations in which sinking metheds are a valusble tool in controlling oil

spills.

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

rials, establish fest procedures, and evaluate materials that could he

utilized in the cleanup of massive o0il spilis by sinking the oil. To

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

follows:
Suarvey of the State-of-the-Art

(24

Phase I

Phase
Phase II1: Tests of 0il Sinking Materials

Development of Standerd Tes%i Procedures

*
3

4

Prase IV: Tests Analysis and Ccnclusions
Scope

i, A literature survey (Phase I} was made and 23 potential oil
sinking materials were locat:: and samples procured. Laborstory test

procedures were developed for evalusting 0il sinking materials {Phase

I1}.

oil retention potential, (b) sinking erfficiency, and (c) dynemic reten-

tion capability.

the test procedures developed in Phase I1. Phase IV consisted of the

evaluation of the 23 materials based on the results >f all testing.

Previous Work

5. 1In Phase 1,3 many hundreds of articles and publications vere

revieved to locate, and develop infermation on, 0il sinking materials.

Literature pertaining to o0il sinking materials was not particuiarly

abundant, and most of the work ihet has been done was done in Eurcpe
> X >

In spite of these restrictions, there are situ-

The procedures developed were for the determinsztion of (a) optimum

The 23 materials located were testec (Phase III) using
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especially in Englend. It is believed, however, that practically all
information o¥ any valie pertaining to dry-application oil sinking mate-
riels wes located and processed during this literature survey.

6. Initielly, eighteen waterials offered by nanufacturers vere
located for inves+igation These materials vwere assessed based on re-
suits of the literature search and on ixformation supplied by the manu-
facturers and tentatively rated with regard to effectiveness in absorb-
ing and sinking oil, effectiveness in retaining o0il, availability and
cost of the material, hazards to personnel and plant and aaimal life.
and difficulty of application. This information was reported in Re-
port 13 of this serier, but portions thereof are a2iso given in subse-
guent parts of tuLi: reccrt. Since Report 1 was publishec¢, an additionsl
six materials were located, and information oa these materials is rre-
sented in this report.

T. It should be noted that the material identified as SOM-1T in
Report * of this series, a siiicone treated sand, was not iested in sub-
sequent phases. The SOM-1T material tested in Phases II and [II of the

investigation is a cement byproduct and should not be confused with the
SOM~17 assessed and referred to in Report 1.

8. In Phase IIh of this investigetionr isboratory tests were de-
velopezd to evaluste the effectiveness of 0il sinking materials under
varying conditions. In the development c¢f the test methods, the effexts
of variation of the fullowing parameters were taken into zecount:

a. 0il film thickness

b. Nature of oil film (fresh or weathered)

¢. System tempersture

d. Rate of application of sinking agent

e. Nature of surface conditicr (calm or agitated)

f. Type of bottom condition {sand, mud, gravel, etc.)
g Current flow (fluid veloeity)

h. Hature of water system (salt or fresh)

i. Effects of volatiles

four m2thods of test were developed and the results were reported in

Report 2h of this series. The test methods developed are given as
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Appendixes A, B, C, and D herein and determine:

&a. Optimum oil retention potential

b. Sinking effisicncy
C. Dynamic retention capability ‘
4. 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 lsboratory conditions.
No significant difference was ncted in results obtained due to water

cormposition-~-fresh water or simulated sea water.
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PART II: IDENTIFICATION OF MATERIALS

0il Sinkting Materials : 3

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-
turers and is presented as Avpendix E. A general grouring of these ma-

terials would be es follows:

No. of Materials

P A AL Y L LI S S VT SR VR Y]

of This Type !
Type of Materisal Procured -
Barite 1 :
Chalk 1 :
Clay 5 ;.
Talc 3 :
Astestos 3 g
Sand T :
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 relative particle sizes of the o0il

sinking maeterials, sieve analyses were run. Sieve anslyses 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 materisls, some of which were extremely fine powders (SOM-2,

3
:
s
z
=
3
3
H
K
]
E]
£
H
£

-4, and -5). The results of sieve analyses are given in table 2, in
vwhich the materials are arranged in order of fineness from left to right, .
with the coarsest material, SOM-11, on the left. One hundred vercent of

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

JPa—

NTITas

* See Glossary for definition 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
by 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-T had the highest i
particle specific gravity (3.37) and SOM-8 the lowest (2.10). The high-
est loose volume density (108.1 1b/cu £t) was that of SOM-21; SOM-10 had
the lowest (12.2 1b/cu ft).

Photomicrcgraphs

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 materiels were identified using IR. The re-

sults of these identifications are given in table 1.
Oils

1. Seven unweathered oils were procured for use in this program.
These oils can be generally classified a3 one of the following tyves:
residual fuel oil, diesel o0il, lube o0il, and crude oil. The oils were

assigned numbers and are identified below:

0il Ro.

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
N Diesel oil (iow viscosity)

(Continued)

* 0ils 2 and 3 are essentially the same o0il, so 0il 3 was not
used in subsequent o0il sinking material testing.
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0il lNo.
Sh# Residual fuel oil (Bunker C), a high-viscosity oil
6 Venezuela (Bachaquera, Argentina type) asphaltic high-
viscosity crude oil
7 Lube o0il (SAE 35-wt motor oil), a medium~-viscosity oil

¥ This oil was not used in the testing because of its semisolid
state under laboratory conditions.

A1l of these 0ils were fresh or unweathered cils. Since significaat ex-
posure to ouvtdoor weathering will change the physical properties of an
oil, ell procured oils were placed in airtight containers which were
thoroughly agitated before samples of oil were removed for the various
laboratory tests whicn 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
160 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 t5 determine the viscosity-temperature relations for
the seven oils; these data are presented in teble 3 and plate 1. Labo-
ratory tests were also conducted to determine the volatile loss-time re-~
lationships for the oils under wvarious conditions; in these teste, un-
covered samples (approximately 25 grams) of each oil were exposed in
controlled environments for periods up to T days and the amount of oil
which volatilized from a surface area of 25.97 sq in. was expressed a&s
weight loss. The results obtained are summarized in taeble 4 and shown
graphically in plate 2. 0ils 1, 2, 3, and 4 are low-viscosity oils and
are the most volatile of the oils tested while oils 5, 6, &nd T are
heavier, more viscous o0ils cf less volatility.

Infrared analysis

16. The seven unweathered oils were examined using infrared spec-
trophotometry (IR); spectrs were obtained in the 2.5- to l6-micron re-
gion. The samples were prepared for IR testing by gently pressing the
0il between sodium chloride crystals provided with a spacer and cell

holder. The grephical results obitained are shown in Appendix G and the
IR identification is summarized in table 3.

PP R — 1

P L i

asdh L b R 00 il € e

|
E
=
Z
%
=
Z
=
|
=
kS
=]
-
=
3
=
3]
=2
=
=
E
=
=
=1
4
=]
=
=
=
=
=
=



o A

Bl

52 e T L R A O R T e B T LR S

PART III: PRELIMINARY ASSESSMENT OF OIL SINKING MATERIALS

17. In the initial phases (Phases I and II)B’h of this investiga-
tion the oil sinking materials were assessed with regard tc (a) avail-
ability and cost, (b) hazards to personnel ané plant life, and (c) dif-
ficulty of application, and were tentatively cliassifiad. The results of
these assessments and classifications are presented in the following
paragraphs.

Availability and Cost

18. Untreated materials werz 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 use in an
emergency. '

19. The materials can be geneially grouped into two broad cate-
gories with respect to current aveailabilitv:

a. Those which are available in quantity ~ith a short leed
time

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

The following tsbulation groups the materials with respect to availabii-
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 $1k0/ton, FOB plant
SOM-2 13 Chalk Yes No $80/ton, FOB most
major U. S. ports
SOM-3 9 Clay Yes No $60/ton, FOB plant
SOM-k 17.5 Talc Yes No $122/ton, FCB must
rajor U. S. cities
(Continued)
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Treatment %
Material Cost General Avail- Plant Cost %
No. Rank Description able? Regquired? Information ’;
= &
— SOM-5 21 Talc Yes No $160/ton, FOB most :
= major U. S. cities H
% SOM-~-6 17.5 Talc Yes No est.* $120/ton, FOB 2
= plant 3
§ SOM-T 6 Clay Yes No $41/ton, FOB plant 1
%‘? SOM-8 23 Asbestos Yes No $650/ton, FOB plant 1 4
= SOM~9 22 Asbestos Yes No $350/ton, FOB plant
= SOM-10 19.5 Asbestos Yes No $140/ton, FOB plant iz
&= SOM-11 2 Clay Yes No $35/ton, FOB plant
& - SOM-12 1 Clay Yes No est.* $23/ton, FOB Pog
e plant g
= SOM-13 n Sand Yes Yo $75/ton, FOB plant
= SOM-14 15 Fly ash No Yes est.* $100/ton, FOB i 3
= plant 2
= SOM-15 15 Fly ash No Yes est.* $100/ton, FOB Oz
= plant
% SOM-16 11 Sand No Yes est.* $75/ton, FOB H:
= plant Tz
SOM-1T 15 Cement Yes No est.* $100/ton, FOB
byproduct _ plant ; £
SOM-18 8 Clay Yes No 358/ton, FOB plant
SOM-19 3.5 Sand Yes No $36/ton, FOB plant g
SOM-20 3.5  Sand Yes Fo $36/ton, FOB plant iz
S0M-21 5 Sand Yes Fo $40/ton, FOB plant i =
SOM-22 11 Sand No Yes est.* $75/ton, FOB H
plant i 2
= SOM-23 7 Sand Yes No $56/ton, FOB plant i 4
’?é * Estimated. ;
= Hazards 3
= . Personnel health hazards i &
5‘% 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 & long period of time will cause damage. The mate- E ‘1:5
rials tested in this program can be grouped with regard to personnel %
hazards as follows: ’ §

=
-
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’ Group 1: Least hazardous. __
Barite (SOM-1) E:
Chalk (SCM-2) b
Claye (SOM-3, -7, -11, -12, and -18) i §
Tales (SOM-b, -5, end -6) P
Group 2: Possible danger of silicosis from prolonged breathing. § fg
Fiy esh (SOM-1% and -15) ;3
Sands {SOM-13, -16, -16, -20, -21, -22, and -23) ) ,
Cement byproduct (SOM~1T) f E:
Group 3: Danger of asbestosis (toxic materials). I
Asbestos (SOM-8, -9, and -10)
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 mssks, is not
considered very likely for short-term exposure.
22. The danger cf the development of a disabling lung disesase
called asbestosis is present when working with asbestos. The manufac-
turers of these (Group 3) materials recommend, for oil sinking, their
application in an o0il or weter 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 and/or '
plant 1life by the 2i1:S0M conglomeration would undoubiedly have an ac-
;} verse effect. \
3 Difficuity of Application i
24, The oil sinking materials were grouped as follows with regard 3 Z
. to difficulty of spplication: 1 %
= Group 1: Sprinkle or pressurs apgly dry, none or only slight ;

e

agitation needed for sinking. §
Barite (SOM-1) !
Ciays (SOM-11, -12, and -18)
Fly ash (SOM-14 and -15)

oy e
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1: Sprinkle or pressure apply dry, none or only slight

agitation needed for sinking. (Continued)

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

Jement byproduct (SOM-1T)

Group 2: Sprinkle or pressure apply dry, supplements., agitation

needed for sinking.
Chalk (SOM-2)
Clays (SOM-3 and -T)
Talc (SOM-L, if applied dry)
Group 3: Spray apply in solutior of either crude oil or water.
Tales (SOM-L4, -5, and -6)--mix with water
Asbestos (SOM-8 and -9)--mix - h oil
Asbestos (SOM-10)--mix with water
Sand (SO0M-20)--mix with water
25. It should be noted that in the subsequent laboretory tests,
all materials were tested as if they were all Group 2 materials. Those
materials vhich are in Growp 3 (S0M-5, -6, -8, -9, -10, and -20) could

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

agénts since they were not applied as recommended ty the nanufacturers.

Preliminary Classification

26. Screening tests revealed that the 23 materials could be ini-
tially classified into twWwo groups as follows:

a. Granular materials (sinking agents):

Barite SOM-1
: Clay SOM-3, -7, =11, -12, -18
e B Treated sand SOM-13, -16, -19, -20, -21, -22, -23
. = Fly ash SOM-1k, -15
i Cement byproduct SOM-17
,;; b. Powdered materiels (sorbents):
Chalk SOM-2
= Talc SOM-4, -5, -6
Asbestos soM-8, -9, -1C ;

§
<

. 11

The granular materialc were generally considered to be sinking agents
and the powdered materiels were generally considered to te sorbents.
The action of these materials in the screening tests indicated that this

was e satisfactory preiiminary classification.
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PART IV: TESTS OF OJL SINKING MATERIALS

27. Tn Phase IIh 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 22 materials obtained for use in this program. Materials
were then selected to represent each of the five types of granular mu-
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 comparison
purposes. Teble 5, which presents in tabular form the tests conducted,
indicates the conditions of each test and which oils and o0il sinking ma-
terials were involved. The chreonological sequernce of the testing is

shown below:

a. Short-term optimum oil retention potential tests.

b. Shor.-term sinking efficiency tests at ‘0, 60, and 80 F
using three 0il thicknesses.

¢. Long-term retention potential tests.

d.

Short-term sinking efficiency tests at §0 F using one oil
thicknese (tests of materials which had not been previ-
ously tes .ed urder these conditions).

|

Long-term sinking efficiency tests.

f. Dynamic retention capability tests.

Optimum Oil Retention Potential

318-hr tests (short-ierm tests)

29. The 18-hr optimum 0il reiention notential of all 23 nf the

oD

SOM's for six unweatnered oils {vils 1, 2, 3. k, 6, and 7) was deter-

mined using the Appendix A test method under laboratory test conditions.
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Because of the nature of the test materials themselves, 16 materials
initially classified as sinking agents (SCM-1, -3, -7, and -11 through
-23) were tested using Method A of the test method and seven materials
ipiticlly classified as sorbents (SOM-2, -4, -5, -6, -8, -9, and -10)
were tested using Method B of the test method. 0il:SOM ratios (by

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

0i1 1 0.14 (for SOM-21) to 5.67 (for SOM-10)
0il 2 0.15 (for SOM-21) to 5.95 (for SOM-8)
0il 3 0.1% (for SOM-21) to L4.52 (for SOii-S)
0il ¥ 0.14 (for SOM-Z1) to 4.93 (for SOM-8)
0il 6  0.23 (for SOM-21) to 18.45 (for SOM-10)
0il 7  G.10 (for SOM-23) to 8.4k (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 0il retention potential tests were con-

ducted (as indicated by Pord.s and Jongbloedé.for periods of one week or
more using five unweathered oils (oils 1, 2, k, 6, and 7, and 11 oil
sinking materials (SoM-1, -3, -7, -11, -13, -1k, -16, -17, -21, -22,

and -23). The 0il:SOM ratios (by weight) obtained are given in table T
and ranged as follows:

0i1 1 0.13 (for SCM-21) to 1.73 (for SOM-1)
0il1 2 0.15 (for SOM-16) to 2.29 (for SOM-1)
0il & 0.1% (for SOM-23) to 2.05 (for SOM-1)
0il1 6  0.20 (for SOM-21) to 2.27 (for SOM-1)
0il T  0.07 {for SOM-23) to 1.11 (for SOM-1)
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32. These test resuits indicated that, of the 11 materials tested,

T

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 prten.ial.
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Also, no appreciable difference in 0il:SOM ratio was noted between the
short-term and long-term retenticn 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 0il:SOM ratios obtained in

short-term and long-term tests became significant.

Sinking 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 T) at three temperatures (40 + 2 F, 60 + 2 F, 80 + 2 F)., This
was a total of 405 individual tests, cor nine tests of each of 45 differ-
ent 0il-SOM combinations. The individual 0il:80¥ ratios obtained in
these tests are given in table 8. Ap inspection of the data in table 8
indicates that in general the sinking efficiency (o0il:SOM ratio) was not
proportional to temperature (which defines specific gravity and vis-
cusity 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, o0il used, itemperature, and oil thickness.

The effeclt of any one parameter on the sinking efficiency depends on how
the parameters interact for that particular case. In generai, however,
the nine SCM's tested are more effective on oil thicknesses of 0.10 or
0.15 in. (2.54 to 3.81 mm), and less effective on o0il thicknesses of
0.01 and 0.05 in. (0.25 and 1.27 mm).

35. The tests of 28 of the U5 0il-SOM combinations yielded enough
reliable data to warrant a statistical treatment for effect of o0il
thickness and temperature. The residual errors of the date from each of

these 28 combinations were calculated and compared. The residual error
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was found tc be statistically the same for all and equal to 0.135 (in
0il:SOM ratio) with 106 degrees of freedcm. A statistical analysis of
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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. Grephs are given
(plates 3 and U4) for these 14 combinations for the parameter or param-
etere vhich are significant. The temperature or oil thicknesr is sig-

nificant only at the 95% confidence level (significant) for the data

b o WY oA U VIR R A e W

given in plates 3a, 3g, and Lg. The data used in plates 3b through T,
4a thrcugh f, and Lh 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-1 is, in most cases, i
influenced significantly by temperature, (b) the effectiveness of SOM-17 :
is, in most cases, influenced significantly by oil thickness, and {c)
0il thickness is important in considering agents to be used for sinking
oils 1 and 2 (light crude oils).

36. The test resuits 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 teets
was (a) SOM-4 acted as a sinking agent for oil U4 (diesel oil) only. (b)
only two of the SOM's tested, SOM-13 and -Z22, acted as sinking sagents
for oil 6 (Argentina crude), {c¢) SOM-i, -3, -14, and -17 were nct effec-
tive for sinking oil T (lube o0il) at 40 F in thicknesses of 0.10 and

0.15 in., {d) SOM-11 was not effective in sinking oil 7 (lube o0il) in any

of the three thickresses used, and (e) SOM-13 was nct effective in sink-
ing oil 4 (diesel oil) at ko F.
Short-~term tests at 60 F

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

et 60 + 2 F using one thickness (0.95 in.) of five unweathered o0ils
(oils 1, 2, 4, 6, and 7). The 0il:SOM ratios obtained in these 115
tests are given in teble 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 materisls did not meet the minimum test require-
ments for sinking e given o0il; some materials did not meet the test re~
quirements for sinking any of the oils (SCM-5, -8, and -9) and therefore
cannct be clessed 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 o0il relesase within
15 minutes. This excessive 0il release was ncted and the materials
which exhibited this release are not considered to be satisfactory as a
sinking agent for the particular oil at this tempersture.

39. The 0il:S0M ratios obtained ranged as follows for materials

which performed satisfactorily:

O
)
=
o)

0.14 (for SOM-20) to 1.00 {for SOM-1)
2  0.29 (for SGM-13) to 0.58 {(for SOM-1T)
4 0.20 (for SOM-13) to 1.82 (for SOM-4)

0ii 6 0.29 (for SOM-23) to 1.00 (for SOM-15)
T  0.21 (for SO¥-20) to 1.10 (for SOM-1)

bo. The following vraterials did not perform satisfactorily with
the oils shown below:

et

0i SOM-2, -4, -5, -8, -9, -10, -18, -21, -23

1
0il 2 SoM-2, -4, -5, -8, -9, -10, -16, -18, -19,
-20, -21, -23

0il L s0i-2, -5, -7, -8, -2, -10, -8, -19, -20,
-21, -23

0il 6 SOM-I, "2, “3, ""4, "5, "6, "7: "'8, _9, -10)

-11, =12, -14, -17, -18, -2¢

0i1 7 SOM-2, -4, -5, -6, -7, -8, -9, -10, -1i,
-17, -18, -19, -21, -23

LY. On the basis of the 60 F sinking efficiency tests, the follow-
ing six mater:ials, for th2 purposes of this evaluation, cannot be classi-
fied as sinkirng sgents for aasy of these five oils: SOM-2, -5, -8, -9,
-10, -18.

icng-term tests at 60 ¥

k2. Ir crde: to develop more inlormation abcut the sinking

16
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efficiency of the test materials as suggested by Pordes at the 1971 con-
ference on prevention ar® control of oil spills,o 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-

iR

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

AR R

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- :

L

fectiveness of the SOM's tested with the particular oil used. Four ma-
terials which had excessive o0il release in the short-term sinking effi-
4 2 - ciency tests were tested in these long-term tests and each had consider-
gble additional amounts of oil released during the longer period; this
resulted in further diminution of the 0il:SOM ratios as shown below:

Long-Term Test
Short-Term Test 0i1:SOM Ratio

Materials 0i1:SOM Ratio (at L2 days)
SOM-7 with oil 4 0.32% 0.16 .
SOM-7 with oil 6 1.02% 0.32
SOM-11 with oil T 1.7 0.36 i
SOM-17 with oil T 1.18" 0.34

Note* + means excessive 01l release within 15 min
after test.

Dynamic Retention Capability

k3. Dynamic retention capsbility tests were conducted in accord-

P

ance with the test methods given as Appendixes C end 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 o0il 1 (unveathered). 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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0il:S0M 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 o0il 1 retained on
glass wool. The initial and 20~hr 0il:SOM ratios obtained in this

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

PRyse—

plate S). The initial 0il:SOM ratios used were gcverned by the amount

=]
Z
=5
E
z
E
4
=
=
=3
=
=
E:
=1
E

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

rials. Twenty-hr 0il:SOM ratios obtained varied from 0.14 for SOM-1T to

1.56 for SOM-1. .
Additional tests

k5. Four additional dynamic retention capability tests were con-

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

el o o a0 ottt S b Mo it

,f 'rith the followiang parameters:
Average Cur-
0il Sinking 0il rent Velocity
Material Bottom Material No.* fps (knots)
SOM-11 Gravel (1-in. 1 0.55 (0.32)
msx. size) :
SOM-11 Mud (moist earth) 1 0.55 19.32) 3
SOM-11 Fine sand 1 0.36 (0.21) 3
SOM-11 Fine sand 7 0.55 (0.32)

=

¥ Q0ils were unweathered.

These tests were conducted to demonstrate that the use of a different
o0il, another current velocity, or a different bottom materizl would in-
fluence the 0il:S0M ratio obtained so the same 0il sinking material
(SOM-11) was used in all four of the tesis and the date are given in B
table 12 and figs. g through j of plate 5.
L6. The data reveal that under the conditions of the tests SOM-11
(2) is more effective with o0il 1 (north Louisiana crude oil) than with
0il 7 (lube o0il), (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
bottom than on a fine sand or mud bottom, and (d) is more effective on a

rmud bottom than on a ine sand bottom.

S A I 5 5
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PART V: COMPARISONS BASED ON TEST RESULTS

k7. The 0il sinking materials were ranked based on the results of
the laboratory tests conducted. The materials were ranked in each of
the tests in numerical order from best to worst. In scme tests, however,
only selected materials were used and consequently rankings are avail-

able for only those materials which were actually tested.

Tests of All 23 Materi-ls

L8, Only two of the laborstory tests conducted included all 23 of
the o0il sinking materials; these were: 18-hr optimum oil retention po-
tential tests, and short-term sinking efficiency tests at 60 F using an
0il thickness of 0.05 in. The materials are rated for these two tests
both by type of oil and on an overall basis as shown.

Relative effectiveness in retaining oil

k9. Table 13 gives the ratings as determined by the 18-hr optimum
0il retention potential test and is an indication of the relative effec-
tiveness of each material in retaining o0il while submerged under the
conditions of the test. The higher the 0il:S0M ratio obtained in the
test, the higher the rating.

Relative effectiveness in sinking oil

50. Table 1k rates all of the materials as determined by the
short-term sinkirg efficiency test (conducted at 60 F using an oil thick-
ness of 0.05 in.). Ratings are based ot 0il:SOM ratio and behavior of
the wma*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
the long-term optimum oil retention potential tests (table T7) are given
in table 15.

52. The relative ratings of the selected materials tested for

19
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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:
SOM-11 >% SOM-13
b. With oil 2 (at 60 F, oil thickness 0.05 in.) after T days;

Material: SOM-1 = SOM-17 > SOM-11 > SOM-1L - SOM-3 > SOM-13 > SOM-22

Rating: 1.5 1.5 3 Y 5 6 7
c. With oil 4 (at 60 F, oil thickness 0.05 in.) after
42 days:

SOM-T7 > SOM-13
d. With oil 6 (at 60 F, 0il thickness of 0.05 in.) after

2 days;
Material: SOM-15 > SOM-22 > SOM-13 = SOM-16 > SOM-T
Rating: 1 2 3.5 3.5 5
e. With oil 6 (at 60 F, oil thickness of 0.05 in.) after
k2 days;
Material: SOM-22 > SOM-T > SOM-13
Rating: 1 2 3
f. With oil T (at 60 F, oil thickness of 0.05 in.) after
42 days;
Material: SOM-11 > SOM-17 > SOM-13
Rating: 1 2 3

53. The relative ratings of the nine selecied materials tested
for sinking efficiency at threc temperatures (table 8) are given in
table 16.

54. The relative ratings for the six selected materials tested

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

Rating with Low-Viscosity

Material Crude 0il (0il 1) (After

No. Description 20 hr of Dynamic Test)
SOM-1 Barite 1
SOM-11 Clay 2
SOM-3 Clay 3
SoM-T Clay L
SOM-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

: :E"m: e

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

d
e

%;i These comparative ratings are merely rankings and do not indicate

; whether or not a material is effective as a sinking agent for a given
% 0il or oils. A further classification is needed to provide this infor- ;
_Ei fﬁ% 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 &bsorbed) oil and
was effective in sinking the oil was classified as &
"sinking agent."

e

=%

i

b. A material that sorbed oil but was not effective in sink-
ing the oil was classified as a "sorbent."

R

c. A material that did not adsorb or sbsorb o0il was classi-
fied as a "nonsorbent.”

R

Paraffinic-based low-viscosity crude oil (o0il 1)

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

oil 1:

a. Sinking agents: SOM-1, -3, -6, -7, -11, -12, =13, -1k, ! :
= -15, -16, -17, -19, -20, and -22 g .
§§ b. Sorbents: SOM-2, -4, -5, -8, -9, -10, -18, -21, and -23 :
% c. Nonsorbents: Rone
§ Naphthenic-based low-viscosity crude c¢il (oils 2 and 3)
% 57. Classifications for oils 2 and 3 are shown below:
%i a. Sinking agents: SOM-1, -3, -6, -T, -11, =12, -13, -1k, ‘
% -15, -17, and -22 i
£ b. Sorbents: SOM-2, -k, -5, -8, -9, -10, -16, -18, -19, ;
e -20, -21, and -23 :
gf‘; c. RNonsorbents: None :

Diesel oil (oil L)
58. The 23 materials were class.fied with oil 4 as foliows:

a. Sinking agents: SOM-1, -3, -4, -6, -11, -12, -1k, -15,
-16, -17, and -22

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

¢. Nonsorbents: SOM-9

[EEFATRr
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High-viscosity crude oil (oil 6)

59. The 23 materials were classified as follows with respect to
0il 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 (o0il 7)

60. Classifications for oil T are:
&. Sinking agents: 8SOM-12, ~-13, -15, -16, -20, and -22

b. Sorbents: SOM-1, -2, -3, -4, -5, -6, -7, -8, -9, -10,
-11, -14, =17, -18, -19, -21, and -23

¢. Nonsorbents: None

A1l six oils (oils 1, 2, 3, 4, 6, and T)

T ——
WA "“.&‘n":,\ W Al

61. Classifications of the 23 materials for oils 1, 2, 3, 4, 6,
and 7 are given below:
a. Sinking agents: SO0M-15 and -22

b. Sorbents: SOM-1, -2, -3, -k, -5, -6, -7, -8, -9, -10,

-11, -12, -13, -1k, -16, -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 ASSESSMENT 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-
son, before a final evaluvation 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 evaluation 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 (40, 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 oréer to
designate which material is the best sinking agent for eacn of the two
types for a particular oil or oils it was necessary to consider svail-
ability, cost, and hazards to personnel as well as all laboratory
ratings. On these bases, final ratings of the sinking agents were made

end these are given in subsequent paragraphs and summarized in table 17.

Sinking Agents for 0i2 1

65. Fourteen materials were identified as sinking agents for
0il 1 (paraffinic-based low-viscosity crude oil); these were classified

as follows:

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

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

23
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All-geason agents

66. Information about all-season sinking agents for oil 1 is

given below:

Compara-
tive
Rank in
Laboratory
Mate- Sinking Treatment Final
rial Efficiency Aveil- Plant Personnel Overall

No. Tests able? Required? Hazards Cost/Ton Ranking

SOM-1 1 No Yes Least $1k0 N
hazardcus

SOM-3 3.5 Yes No Least 60 2
hazardous

SOM-11 2 Yes No Least 35 1
hazardous

SOM-13 T Yes No Possible 75 T
danger

SOM-14 3.5 No Yes Possible 100 (est.) 5

danger

SOM-17 5 Yes No Possible 100 (est.) z
danger

SOM-22 6 No Yes Possible 15 6
denger

From the above, SOM-11, hydrated magnesium aluminum silicate, was the
best all-season sinking agent for oil 1 since it is available in quan-
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 Finegl
rial Efficiency Aveil- Plant Personnel Overall
No. Tests able? Required? Hazards Cost/Ton Ranking
SOM-6 2 Yes No Least $120 (est.) 3
hazardous
SOM-T 3 Yes No Least 43 2
hazardous

(Continued)
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Compara-
tive
Renk in
Laboratory
Mate-~ Sinking Treatment Final
rial Efficiency Aveil- Plant Personnel Overail
No. Tests able? Required? Hazar?s  _Cost/Ton Ranking
SOM-12 1 Yes No Least $ 20 (est.) 1
hazardous
SOM-15 y No Yes Possible 100 (est.) 6
danger
SOM-16 5 No Yes Possible 75 (es+.? 7
danger
SOM-19 6 Yes No Possible 36 h
danger
SOM-20 7 Yes No Possible 36 5
danger

SOM-12, a natural clay, was rated as the best provisional sinking agent
for oil 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.
and 2 (naphthenic-based low-viscosity crude oils); these were:

SOM-1, -3, -11, -13, -1k, -17,
and -22

SOM-6, -7, =12, and -15

Eleven materials were identified as sinking eagents for oils 2

a. All-season sinking agents:

b. Provisional sinking agents:

All-season agents
69.
gard to availability, cost, and hazards is ideatical with the ‘nforma-

Information about the seven all-season sinking agents in re-

tion given in the tabulation in paragraph 66. Other informat: : is:
Comparative Rank in Final
Laboratory Sinking Overall
Material No. Efficiency Tests Ranking
SOM-1 2 b
SOM-3 L 2
SOM-11 1 1
(Continued)
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Comparative Rank ir. Final
Laboratory Sinking Overall

Material No. Efficiency Tests Ranking
S0M-13 T T
SOM-1L 5 5
SOM-1T7 3 3
SOM-22 6 6

SOM-11, hydrated msgnesium aluminum silicate, was the best all-season
sinking agent for oils 2 and 3 when all factors are considered.

Provisional agents

s A o W AATAS

TO. 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 Tects Ranking
SOM-6 4 3.5
SOM-T 2.5 2 ' :
SOM-12 1 1 =
SOM-15 2.5 3.5 E
The natural clay, SOM-12, was rated as the best provisional sinking ;i
k= agent for oils 2 and 3. )
E Sinking ALgents for 0il b , j;
= T71. Eleven materials were identified as sinking agents for diesel ; ;?
é} 0il (oil 4). These were: - ; i;
;:f &. All-season sinking agents: SOM-1, -3, -, -11, -1k, -17, { ~;
A and -22 " =
o H =3
s b. Provisional sinking agents: SOM-6, -12, -i5, and -16 }

2

b

All-s~ason agents

b s
i
N/

72. Information asbout the all-season sinking agents for oil b is
tabulated below:
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Compara-
tive

Rank in E
Laboratory e
Mate - Sinking Treatment Final s
rial Efficiency Avail- Plant Personnel Cverall 3
No. Tests able? Required? Hazards Cost/Ton Ranking 3
SOM-1 2 No Yes Least $1k0 5 3 E
hazardous 3 2
SOM-3 5 Yes No Least 60 3 :
hazardous : 3
30M-L 1 Yes No Least 120 2 3
- hazardous =
SOM-11 4 Yes No Least 35 1 3
hazardous 7
SOM-1L 6 No Yes Possible 100 (est.) 6 &
danger 3 Z
SOM-17 3 Yes No Possible 100 (est.) L i
danger 3 E:
SOM-22 7 No Yes Possible 75 T i 3
danger § 2

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

SOM-11, hydrated magnesium aluminum silicate.
Provisional agents

T73. Rarnkings for the provisional sinking agents for oil k4 are:

B Fu G B W €

Comparative Rank in Final
Laboratory Sinking Overall

A G i 2 S0 b0 I R 0

Material No. Efficiency Tests Ranking
SOM-6 2 2

=4 SOM-12 1 1 3
SOM-15 3 2 -
SOM-16 4 k
;g = Comparisons of the availability, cost, ard hazards of these four mate-

.;? = rials were given in paragraph 57. The natural clay, SOM-12, was iated

:7§ -

as the best provisional sinking agent for oil 4 and would be the choice
for further evaluation.

Sinking Agents for 0il 6

;g Th. Only seven materials were identified as sinking agents for
;; 0il 6 (high-viscosity crude oil); these were:

it o
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a. All-season sinking agents: S50M-13 and -22

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

All-3cason agents

75. Both all-season sinking agents for oil 6, S0i-13 and -22,
were treated sands and both Lave a cost per ton cf approximately $75.
The laboratory performences of these two aganis were essentislly equal,
but since SOM-13 is now available and SOM-22 is not, SOM-13 has to be

rated as the ratter of the two materials Jor oil 6 when all factors are

considered.

Provisional ageats

76. Information about the provisional sinking agents for 0il 6 is
given below:

= AT L S
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Compara-
tive
Rank in
Leboratory
Mate~ Sinking Treetment Final
rial Efficiency Avail- Plant Personrel Overall
_No. = Tests Eble?  Regquired? Hazards Cost./Ton Rarking
SOM-15 1 No Yes Dossitle $100 (est.) 3
darger
SOM-16 2 No Yes Possible 75 (est.) i
danger
SCM-19 2 Yes No Possible 36 1
danger
SOM-21 h Yes He Possibie ko 2
Aanger
SCM-23 5 Yes No Possible 56 5
danger

SOM-19, a sand treated with 8 vroprietary chemical, was rat2d as the
best of the provisional sinking agents for oil 6 principally because of
its availability st low cost, and would te the choile for further

evaluaticn.

Siuking Agents for O0il T

—

77. Six materiais were idenlified as sinking agenis for lube cil
(0il 7); these were:

28
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a. All-season sinking agents: S0M-13, and -22
b. Provisional sinking agents: SOM-12, -15, -16, and -20

4

A N R

5’;

All-season agents

78. The two all-season sinking agents for lube oil (o0il T) were
ranked as follows:

PLAANAD s P £ AT, Nl R A SR ANGI P L R T OEY

%_ Comparative Rank in Final
g— Laboratory Sinking Overall
§ Material No. Efficiency Tests Ranking
. B SOM-13 1.5 1

= SOM-22 1.5 2

T
i

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

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

Y W

other considerations are essentially equal between the two materiais.

%

Provisional agents

TR

9. Information about the provisional sinking agents for lube oil

.

(0il T) is given below:

B N T R TN Ay TP Iy S

pArg

Compara-—
= tive
] Rank in
3 Laboratory
Mate- Sinking Treatment Fineld
riel Efficiency Avail- Plant Personnel Overall
No. Tests able? Required? Hazards Cost/Ton Ranking
S SOM-12 1 Yes No Least $ 20 (est.) 1
§‘ hazardous
& SOM-15 2 No Yes Possible 100 (esv.) 3
: danger
© SOM-16 3 No Yes Possible 75 {est.) it
§§ danger
& SOM-20 4 Yes No Possible 36 2
§~ dange»
2

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

Y

agent for oil T whern ail factors were consider=d.

Sinking Agents for All 0ils Tes<ted

80. O©Only two materials, SOM~15 and -22, were identified es

as

.
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sinking agents for all six oils (oils 1, 2, 3, 4, 6, and 7). SOM-22 is
en gll-season sinking agent while E8QH-15 is a provisioaal sinking agent.

Neizher of these materials is available in quantity at the present time.

Availabls All-Season Sinking Agents

81. At tha presen® time, i? the need 2rose for a Iry-aprlication

PRSI

all-season sinking agent to clesn up a massive oil spilli, the choice -
would be :estricted to five sinki.ag agents: SOM-3, -k, -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 sinking agents to use
wonid be governed by the kiznd of oil vpilled ani other factcrs not deait
with in this report.

a. If the oil was a low-viscosity crude oil (oils 1, 2,

o~ 3), the choices available would be:

Pinal Overall
Rauking as

Material Al1-Sesason
No. Material Descrintion Sinking Apent
SG-11 Hydrated mrgnesium aluminum silicate
SOM-3 A natural clay 2
SUM-LT Cement nyproduct 3
SOM-13 Treated sand 7

b. If the o0il vas a diesel oil f{oil L}, the chcices avail-
dble would be-

Final Overell

Ranking as
Material Ail-Season
_No. Material Description Sinking Agent
SOM-11 Hydrated magnesium alaminunm sjlicate 1l
SOM-~4 Untreated talc 2
SOM-3 A natural clay 3
SOM-17 Cement byproduct y

If the oil was a high-viscosity crude oil {oil 6) or =
lube cil (oil 7. the choice would be SOM-13, a -.arbon-
iz24, chemically coated sand.

(o]
.

o S
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PART VII: CONCLUSIONS AND RECOMMENDATIONS
Conclusions

82. Based on the results of the literature survey, information
supplie¢ 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 t'or 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 lsboretory tests of the oil sinking materials, the
following additional cornclusions can be drawn:

a. The test methed (Appendix A) for determination of optinum
oil retention potential provides a means for determining
the amount of cil which an oil sinking material can ad-
scrb 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 03l retention potential tests appear to
be needed for tests with oils of absolute viscosity
grester than 100 cp (oils 6 and T), while the short-term
(up to 2k 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 evaluating the 01l sinking efficiency of an oil
sinking material and appears to be & most useful test.
The 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
cil thickness but possibly depends on the surface tension
considerations of the particular system being used as
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 le:st
2! mr 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 o0il 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 (L) sinking agent, (Z) 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 s
capability tests (see plates tZc and Se), a sand bottom :
material increased the effectiveness of the sinking ag-*"
even though a current of 0.55 fps was employed. The saud
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 capsbility tests, as,
in general, 0il:SOM ratio decreased with increasing cur-
rent velocity.

|2

Three of the types of material:s tected, i.e., talc, as-
bestos, and chalk, are generally not satisfactory as dry- :
application sinking agents. These materials are usually -
good sorbents for o0il 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 flosting oil.

I

Some naturally occurring clays can be utilized as dry-
application sinking agents but they generally release
considerable 0il over a period of time.

g. OSpecisl materials such as cement byyroduct 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 T) are gener-
ally more difficult to sink by dry application of sinking
agent then are the lighter, less viscous oils (oils 1, 2,
3, and 4).

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

ot ped e by K gAML

are based on current knowledge of the materials tested and cn the re~

sults ¢ the tests conducted.
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Recommendaticns

L S

85. It would be extremely useful and desirable to evaluate & 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, or the basis of the laboratory tests con-
ducted, that the sinking efficiency test (Appendix B) wouid serve as

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

R i e o N I SR S S w8

the screening test for oil sinking materials. The residual error of
this test has been determined (see paragraph 35) and modifications could
be made +o0 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
0il) at 60 + 2 F. Materials which can sink oil 6 under these conditions
have the potential for being & dry-application all-season sinking agent
for most cils. It is noted that only T 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 and
presented herein do not encompass all of the meny parameters which .
should be examined. Such an elsborate undertaking wouid have required ?
time and financial support many times ihe magnitude of those available ‘
to this study. Further investigation is therefore racommended in the

foliowing areass:

a. Effects of variation in pressure on the behavior of sub- !
. merged oil-cinking 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 equel to 100 meters.

b. Effects of variation in temperature, ocean {loor topog-
raphy. na*ure of fluid currents, and percentsge of sorp-
tion capacity of sinking agent actuslly taxed durirg the .
sorption process upcn retention charscteristics of the i
submerged oil-sinking agent mass.
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Effects of the many various types of agitation, dbove and
beyond that examined in this study, upon sinking effi-
ciency and retention.

The testing and sinking of highly viscous residual fuel
0il (Bunker C).

Development of procedures to eveluate 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.

Refinement of the test methods developed in this
investigation.

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

- o —
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Table 1 :
Identification of Oil Sinking. Materials ‘;
Aversge* 3
Average* oose N
3 Particle  Volume H
Material Constituents as Determined by Specific Density H
23 fio, Description Infrared Spectrophotometry Gravity 1ibfeu ft i
ity SOM-1  latex coated barite Barfvz sulfste plus polybutadiene and a salt of 3.3 86.0 :
2 carvoxylic acid :
g .2 Chelr treated with steari: acid Calciun carbosate with szall amount of cartoxylic 2.2t s8.2 r
acid §
% -3 Calcined clay - 2.8 6
-L  Untreated talc Magnesiuz silicate 2.75 186.6 H .
4 -6 Talc treated with tinc stesrate Megnesiuz silicate plus an atxyd phthslate resin 2.76 8.4 H .
g €  Untreated talc - 2.7t ~6 & H g
3 .
3 -7 EIxpansive clay (Fullers earth; -~ 3.37 33.7 4
-  Asbestos treated with steareles Calciux-magnesiun silicate plus & cardoxylate salt 2.10 13.3 H '
plus carboxylic acid i H
<2 Trested asbesios -- 2.67 .7 S :
=10 Cationic asdestos Calcium-megnesiuz silicate 2.82 2.2 : ﬂ
«11 dydrated magnesiur aluzins= silicate -- 3.06 3.8 ,
.12 Natural clay (=ontzorillonite and pelygorskite) .- 2.72 25.8 : B
=13 Carscnized chemictlly coated send - . 2.65 87.7 i K
-1t Silicone treated fly ash Fly ash plve methyl silicone 2.57 €h.1 : 3
-15 Siiicone treated fly ash Fly asn plus silicone plus a carboxylic coepound 2.54 69.9 ‘ §
<16 Silicone treated sand .- 2.66 106.7 : 3
~17 Cement byproduct -- 2.8 %0.0 H ;‘
E -18 Kaolinite clay - 2.4 S.b
5 -19 Trest sad - 2.67 10.7 N
4 -20 Treated samd - 2.67 8.1 :
: =21 Treated sand -- 2.66 108.2 i
3 -22 Treszed sand .- 2.56 10%.7 H 2
-3 Trested sand - 2.66 .0 4
* 3
A
* vValues given are the average of three tests. E |
E3
3
|
Tadle 2 . Z
Sicve Analyses Of 011 Sinking Materials :
Cunulative Percent Pass Standard Steves N
Sieve Designation 11} ; 1, SIS @) El; W) (2) (1) (3, Q; . E
Al-er- SOM-11 SOM-7 SOM-3 SOM-23 SOM-18 SOM-12 SOM-15  SOH-21 SOM-12 SOM-)t  SON-22  SM-8 SQM-20 = : B
Standard nate (Clay, f{Clay; (Clay} iSand) (Clay} (Sand) {Fly ish) {Sand: {Clay; {Fly Asb) (Sand; /Asbestos} {Ssau) . B
L76= Wo- by 100 .- -- - - -- - -- - - - - - ) e
2.8 = 8 o 100 200 100 100 100 -- - - - - - .
1.19 = ) 30 s i9 8 86 100 - - .- .- - - 4
5% . 0 16 3 16 3 6 19 ® 100 100 100 100 100 100 3
e 50 3 [ 0.5 [¢] Lo 3 13 30 87 88 -] 93 5 3
%9y 100 1 - .- -- k™ 1 5¢ 6 50 63 15 - 18 R B
s 200 Ol -e -- .- 16 -- 36 .- 25 37 b -- 1 3
Wy 325 .- -- - -- .- -~ 18 - - It - - - 4]
37 . 00 .- .- -- -- - -- -- - .- .- .- - --
Sumulative Percent Pussing Standard Sieves
(1) {1; (3: 3) (3, (3 [EY (3) (3) (3)
SQ¥-29 SM-16 SM-10 SOM-1 S¢-9 $04-27 SIM-6 SOK-5  SOM-L  SON-2
(Sand; (Sand} (Asbestor) (Parite] (Asbestos; (Byproduct) (Tale) {Tale) (Telc) {Chalk}
L Bl . -- - - -- -- -- -- -- --
2.38 == 8 - .- - - .- - - - - -
119 = 1% .. - - - -- - - - -- --
595 3 100 100 . -- -- -- -- -- - --
297 w 50 97 00 i 100 - - - - -
1“2 u 100 18 3k o % % 200 100 - -- -
T 200 1 2 -- -- - 95 % -- -- --
(R 5 . . - - .o - - - . -
e 0 .- - - -- -- .- - b 100 120
Eote: {1, Analysis conducted in accordance vwith ASTM Designation: :35-6'.‘.5
{2, TFariial asalysis only, using %and sieves.
13; Partial analysis only, using Tireness tester {Alpine;.
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Table 3 <]
1dentification of Oils
Specific Abgolute Kinematic .
Gravity Viscosity, Viscosity,
Texper- at <p, at s, at -
(1133 As;_xre Temperature Tezperature Temperature Identification® by Infrared :
No. Description — Shown Shown Shown Spectrophotometry B
1 Pasaffinjc-based 40 0.83 124we g Primarily long chain aliphatic B
lowevizcosity 73 0.82 8.1 9.9 hydrocarbon with lesser aromatic
crude oil 100 0.81 5.5 6.8 constituents and )"ttle carboxylate.
2 Xaphthenic-based Lo 0.86 51,5 58.9%% Mixture of long chain aliphatic and
lov-viscosity 73 0.8% 13.4 15.8 arcoatic hydrocarbons, more aromatic
crude oil 00 0.84 7.9 9.4 than oil 1. i
3 Kspnthenic-based Lo 0.85 20.9%+ 2L.60 fare as oll 2. i a
lov-viscesisy b£i 0.89 8.6 10.4
crude of? 100 0.84 6.6 7.9 i
4 Diesel ofl {low Lo 0.85 L. 670 Mixture of arcmatic, olefinic, and H -
viscosity) iE] 0.84 L7 5.6 aliphatic hydrocarbons, very little b
100 0.8% k.0 L.8 or no long chain hydrocarbons. . {
5 Hesid al fuel oll Lo t 1 t Afxture of long chain aliphatic and ;
(3w rer C) 73 1 714,000 775,000 aromatic hydrocarbons. More
{apprex.) sliphatic than arceatic. i
100 09 23,000 25,275 ; :
6 Asphaltic high- 40 ) 22,800+ 23,505¢* Primarily aromatic hydrocarbons with . : .
viscosity crude 73 0.97 3,530 3,639 some sliphstic coastituents. i 3
33} 100 0.96 750 81 Evidence of carbonyl and s 3
carboxylste constituents. :
7 Lube ofd {30-wt L0 b4 1,Lcoee 1,573+ Mixture of leng chain aliphatic and
motor o41) 73 0.89 283 318 sromatic constituents.
100 0.88 u3 128 B
* Ses Appendix G for infrared spectra. ! :
¢ Viscosity values obtained at 4O F are not considered to be reliable due to unstesdy state of temperature. The LO F .alues are
therefore not used in plate 1.
t This oil toc viscous for deteérmination o this value at thiz tespersture with equipment being used.
Table & H
Yolatile loss-Time Relationrhips fur Ofls Under Various Conditions H
011 Loss in Welght After ure for Time Shown, hr, Under Conditions Shown ‘
No. L 2 3 _2 _& 8 1 2 2 W 8B 5 12 Ao - 3200 1AL 168 .
T3+ 1 F, RH S0% i
1 9.2 13.6 15.3 17.0  18.7 20.0 2.7 25.4  27.1 30.6
2 6.3 108 12.c 13.3 .3 15.% 18.4 21.2  22.6 25.5
3 b 13.1 .9 6.3 17.6 18.7 2.9 25.1 26.5 30.2
L 1.8 2.3 3.5 4.5 6.5 7.6 16.2 23.2 28.6 39.2
s 2.0 0.0 0.0 0.1 2.1 0.1 0.1 c.3 0. c.6
6 0.4 0.4 0.8 .1 1.3 S 2.6 3.k 4.0 5.5 ]
73 + 1 F, RE 98¢ )
1 2.2 160 168 174 16.8 179 20.8 23.4  25.1 28.3 :
2 8.3 10.3 1.5 2.7 13.9 149 17.9 18.% -
:3 10.8 13.3 6.7 6.6 17.5 18.3 2.2 23.5 25.3 27.9 B
L 1.2 2.5 3L L.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 2
6 0.3 0.3 0.3 0.5 0.8 1.0 2.0 3.0 3.6 4.8 :
100 F._RY b :
1 28.3 3.6 N 36.0 :
2 26.2 29.3 3 3.2 E
3 2.9 3u.8 37 37.0 )
& u5.2 59.4 70 72.0 <]
6 8.0 8.2 10
7 1.8 1.8 1.8 2.0 - T
150 ¢, RH
1 u8.3 54.8 €0.7 :
2 L2.4 w.u 8.7 :
4 96.2 100 100 :
6 15.8 17.1 22.%
7 0.0 o.¢ 1.6
210 F in Forced-alr Oven
1 51.9 PURY 6.8 81.5 81.9 81.5
H W.o %00 56.3 65.0 68.1 71.6
L 100.0
6 pURY 6.4 20.6 27.0 7.0 3l.1
7 2.0 3.8 2.7 5.0 5.0 6.7
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Table &
Sureary of leats
01 Sinkitg Materinls
2inving Agents?
Cevent
fre Treated RY* . . Sorbents*
l&_ Clay Treated Sand Ely ssh product Chalk Talc Asbestos rthrenos
SCMe  3fte SOMe  SOMe S0/« (K= HMs SOMe 57Ma SQM- SOM-  S(Me S(Ms  We S0Me  SOM- SM-  5M-  SWM- SWWe T(H- S(M= GV logiral
! X 7.0 12 18 13 . 19 20 2 22 23 I s 37 2 L 5. 6. "« 10 Sequerce Tasts
Teat lio. (1), Srort-Tert Retention fotential ") Shu‘:t-krr. retention potenti) test,
1oy X X ¢ x Y o+ £ X X N x r x x x Y oxoox X &« ¥ X To hepit 3 F. Results are given
2 X X X = X X X X X X X X X X X X X X X X X X )
[} X A v x £ X IS X X < X 4 X X X X X £ * ’ A X X 12) Short=term sinking effirlency tests
L X X LY X A » X X X X X X X X X X X > < A Y\ o] ¥ At L0, ¢ and %0 F for o1l thicke
[ M X ¢ X s X X ¥ Y X X X X X X X X X X X X X X nessec of C.01, 0.0%, 0.19, and
I3 X X [N { X X X by X X X X X 4 4 X X Y ’ X 4 X X 0.1€ in. Results are given in
Test Yo, (1), ong-Term Hetention Potentisd , table 8.
N [ 1rngeterm retention potentia) test,
el oot 8 X oo A, S { up to b days At 73 5. Results
2 X X X X X Y v X X X X
1 " % X X 7 ' M x X “ X are given {n table 7.
¢ X X { X 3 £ X X X X X (LY Stort=tern sinaing efficliency tests
K X X A £ % X X X Y, A X at (O F for of) thicaness of
Test liog. (2) and (4}, Short-Term Sinking Efficicacy (2;8';9")’6. R¢3ults sre given in
MY Lo ) .
AL thicknesr » 201 §p X X X X X % X - - (%) long=tern sin¥ing efficlen~y tests
AP 1) X X X X X . X x b4 X . X 0 X X X . — . x — . N at €0 F far ni] thickness of
X R ° M M < X o X 0.05 fn. FResults are given ir
4 0 In, X b - table 11,
% %) lo. 2
% W 011 thictness = 7.01 fn. X X < x X x X -- - () ""_‘:”‘.’,g prtention capbiliyy tets
R O 30 tn. X X v X A , X % . . . X . « X X M - - X -t ble 13 and phate 5.
» s0. tn. X X < X X x X -- - table 12 and plate .
e M texe 1
M1 thiceness » 0.05 In. X X . ¥ X . a % . + . ¢ X x X . X .- X - .- .
« 0,10 tn. X X X ) X X X Y --
=2.4% 1n. X 4 - a X X X --
73 22 %o, ! - .
fa) 011 thickneda = 5.01 tn. == - - X X - - . — Lymiol Potes
. . 0,00 fn. e . . . - . X x X N X X X .a X - - .- .- -- - - - X V1lid test was condurted (test
“ﬂ, » .10 in, e - - b X -- -- .- - requirements met).
o 21 to. 7 0 ¥eald not retain thts ofl.
11 thickness « ;'12 :: x x . : ¥ . i ¥ * : . § . £ X : e == Conducted test but $7° 41d not sink
“‘ . 0.1% tn, A . . X X a b - . 01 ofdlhe ofl Initially.
\ . - . Conducted teat but 5% did not retain
‘H Test Ho. (4), leng-Term Sinking Ffficlency 0° of the ol) for 15 minutes.
’,’ ')i’]’l;.hrl.gkl\;'ll %05 in. < X ¢ At LOF; X at €9 F and S0 F.
b 6.
]‘J‘ 2 X 4 % X X X X b ¢ at MO F ana (O F; X at A F,
| h * Y ‘ X ©  +atLOF and RO F; ¥ at €O ¥.
) 7 X A X 4 e at €OF and A0 F; X at LOF,
‘f arst_Lo. (6), Dynanic Teste Any ertry in any colum indicates
i3 o1l Ho. 1 that A test was conducted.
5 Yelocity = .55 fys
[ Jand bittom X { X ¥ X X
1] Gravel botton X
i vad bottom <
i M o, Y
| Veloelty « 2.3 1y
Send botior .
TN M 7
Yelo 11y = 4% (s
"ani batioe L3

N

¢ erediminary

[ Rt
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Tadle 6
Shosrt-Terx Optimum Cil Retention Potentia) {A-pendix A Test Method)

o oo, «b«»l.’m&}:m 10 BBl

01} :5(M Ratio (by Weight), 011°50M Patio (by Weight),
After 18 hr at 73 F - After 18 kr at 73 F
vatexda _ __ Ca  Oii  ofl o1l 1 01l Material 011 cu wir . oix  oi1 o}

“Foo Descrfptim 31 2 3 M _E. TS Dacrpiin ) 2 3 & 6 % 3
30Me 1 Barite 1.8 236 2.3 1.8 2.8 1. SM-13  Sand 0.2 0.2 0.22 0.22 0% 0.k «-‘
.2 Chalk 0L 0.0 243 O 3.1 058 -1b Fly ash 0.42 O Ok1 04 078 0.49 b
-3 Clay 0.5  0.95 0.90 O.k5  1.27 0.88 -15 7y ash C.35 0.33 0.29 0.39 0.6s 0.2 2
X
-5 Tale 1.22 141 140 3.3 9.38 .00 16 Sand 0.15 0.16 0.15 0,17 0.27 0.8 }?
% Tae 136 165 142 372 9.09 2.13 417 Cement 0.7 0.0 .58 0.80 .81 0.9 .
byprodu. . H :
- Tale 5.40 045 0.4 0.66 66 G.82 : 3
-18  Qlay 0.18 ©C.27 0.23 0.15 1.29 0.8 { =3
7 Clay 0.5% O.L1 0.37 04y 2.20 0.38 £
R ~19  Sand 0.16 0.17 0.7 0.7 0.26 G.E - f 3
-8 Azbestos L2213 5.95 L.20 493 Ik 7.50 =3
20 sand 0.06 ©0.37 0.6 0.6 0.7 0.18 . H =

-9 Asbestos .95 5.0 4.5 . h2e 7.5 .
-22 Sand C.2L 0,15 o.lk 0.k 0.23  0.)% i E:
-10  Asoestos 567 575 3.4 1.8 18.Ay B 3
-2 sand 0.26 0.36 0.37 0.6 0.1 C.a8 e
<11 Clay 1,20 1.28  1.13  O.5% .63 1.1 =
-23  Sand 0.20 0.19 0.21 0.7 0.29 0.10 3
-12 Clay 1.23 €98 0.3% o2 193 * ) =
]
*  Did not retain oil. <
i
=3
et
p: 3
K
Tadble 7 =
Long-Terst Optisum il ketentjon Potentisl (Appendix A Test Nethod!
T _Aaterar CIT:S0K matio {by welgit] &t 735 F at Age Shown
Descrips 0il 1 0§1 2 o011 & ]
no. ticn Thr 2hr 3nr 1d 3 74 4d I'hr 2hr 3hr 18 7 74 2ka 1hr 2mr 3Inr 14 K 74 k2
SOM-1 Rarite 177 177 LT3 LT3 1.73 1.T3 .73 2036 2.3F 2,29 2.29 2.29 2.29 - 2.12 2.08 2.08 .- 2.05 2,05 2.0% £
-3 Clay 0.98 0.96 095 C.9¢ 0.96 0.95 0.96 0.96 0.96 C.9% 0.2 0. 0.R 0.92 == == == 0,60 0.0 0.3 -« j
B>

-7 Clsy s ae  ea 058 0.55 0.6 .- 0.66 0.55 0.50 0.37 0.35 0.35 0.35 0.53 0.5¢ 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 1.2b 3.2h 1.5 1.17 1.5 1.10 0.68 0.66 0.€5 0.54 0.5 0.5k - =
+13 Sand 0.20 020 0.22 2.19 0.1 C.19 0.19 0.23 0.23 6.23 0€.23 0.23 0.23 0.23 0.2¢ 0.21 0.21 0.21 0.2 0.2¢ C.I° é
-iL Fiy ash 0.k3 043 0.53 063 0.43 0.3 0.k3 0.43 0.43 0.83 043 0.X3 O.L3 C.h2 045 O.45 9.4 - 0.4 045 OLS ’;}
<16 sand 0.3% 0.3 0.3% 0.3% 0.3% 0.3k 0 % 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.16 0.16 - 0,16 0.1 O.r e
-17 Cement 0.91 0.8% 0.78 0.75 0.2 0.73 0.73 0.83 0.72 C.65 C 65 0.65 0.5 == 0.99 0.97 0.95 - 0 0.90 0.0 ]
byproduct &
U

=21 Samd 0.13 0.13 ©0.13 0.13 5.13 9.13 0.13 0.13 .18 0.18 ¢.18 2.8 0.18 0.18 ©.17 0.17 €.17 -- 0.17 €.17 017 E
=
-2 Sand 0.16 0.16 0.16 0.16 0.1€ 0.16 0.16 .18 0.18 ©€.18 0.18 0.18 0.18 ©.18 0.16 0.16 0.6 =~- 21 0,36 01€
-23 Send 0.21 0.21 0.21 0.20 0.20 0.20 0.20 0.21 G.2! 0.21 0.21 021 ©.21 0.21 0.17 0.17 0.17 -~ 0.16 0.1% 0.2 S

B

CI1:SM Patio (by Weight) st 73 F st Age Sown
011 6 o3 7

Ter 2n8r 3¥r 14 374 18 1hr 2hr 3hEr 18 3 74 1k

SUR-3 Barite 3.00 3.00 3.00 3.00 2.8 2.27 2.¢2 1.7 1.7 .17 a1 i) a1 (
-1 Clay 1.8 1,55 1.52 1.3 1.3% L.3% 1.3% 0.36 0.79 O0.7% 0.71 G.58 0.58 0.58
. =
-7 flay 2,62 2,22 2.03 1.68 1.84 1.7 1.50 0.62 0.85 0.52 0.3 0.31 0.29 .26 k=
-1 Clay 197 1.6% 1.9% LRI AT LT 129 Y7 1.17 102 1.07 1.2 LR =
-13 sana 0.3 0.31 0.-0 0.20 0.23 0.27 0.27 C.21 0.20 0.20 0.1 0.3 d.12 0.11
-1% Fly asy 1.00 L.w .06 0.87 0.84 0.8 .61 0.52 0.52 0.51 0.k 0.7 O.A7 0A7 =
-16 samd 0.37 0.37 0.37 0.3 ©.0 0.27 0.27 0.19 0.1¢ 2.18 .18 0.18 0.18 0.8
=37 Cement 6.0) 6.00 £.00 542 305 1.73 1.73 1.2 1.22 1.7 1.03 3.83 0.70 2.7
Typroduct
-21 Sand 0.28 0.29 0.24 0.22 0.2} 0.20 020 0.16 0.1% 0.1%5 0.15 0.1% 0.i% 0.3k
-22 Sand .35 0.32 0.32 0.25 0.27 .26 0.2 0.10 9.16 6.1% 0.1 a8 £.19 0.8 s
21 Sard .37 0.3% 0. 020 222 0,23 928 S.19 .M O 5.0F 007 2.07 0.0 3=
* This vas deternined Tor ages 5 to 1k days or longer for zone saterisls (1d = 3 day, 14 » M day, et~l) ‘é
Lo S
l;;
S
k3
g
=
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Teble 8

ShorteTes.. Sinking Efficiency at Thrve Texperatures

33 - -
-$la 011: SOM Ratio (by W~ight)
Vaterial Tmickness 011 1 c1l 2 0il L — 011 & [
‘o. oescription ia. QF OF 20 uFf 60F BOF LF WF 0 50T ©OF J0F WF W 0F
3#-1  Harite 0.0 0.L2 0.3 ©.93 0.21 0.53 0.38 - - - Material dfd not .- - .-
penctrate into
0.25 0.97 1.00 1.1¢ O.2 083 1% 0z 410 N o4l 0.5 1.10 .24
2
§ 0.30  0.72 1.33 1.0 0.95 0.9 9.95 0.63 1.1 1.58 265 C.3 1,38
E 0.2% - .- - - - - oA s s 1.2%* .10 .82
;;.
= -t Clay c.01 0.0 I.77 0.5 0.12 0.56 0.60 -- s ee - -- .
£
g ¢.05 .76 C.7¢ 0.31 068 0.73 0.7 C.6h 0.50 0.4% 0.72 0.77 0.”8
> 0.10 0.42 0.0 C.°8 076 0.7 0.65 0.60 0.5¢ 0.57 0.7k¢ C.7% 0.5
= 0.1% T LR == == es 0T 047 0.6 ¢80 "~ L2
&
<3
§ . Tovel Tale c.00 e es se QL2 es e - - - - - -~ v
£
g c.05 s . .. e . - 1.0 B2 . .o .o re
S
F3 0.0 .. .e .. ‘- - ae 148 1.5 1.5 .. s ce
veiS N - e e- 122 166 2,02 *- . .

3M-3 asbestos C.0 A had b had had hid -- - -- -- - ==

0.0% e ee e o s ee . o e . . .

3711 Tlay .01 048 0.69 2.8 021 0.76 0.65  -- - e ‘- - -
.05 .85 0,91 0.3 082 0.93 0.88 0.53 0.0 0.67 oe .17 0.0

0.10 0.7€ 0.91 0.97 .13 0.93 0.98 0.73 0.1 0.7 e 1.000 1.0+

C.73 C.92 C.8 . 0.7z« Q.o
§W-13 3and ¢.01 .13 0.1} 0.12 Q.17 2.1 9.3 -~ - .- .20 d.21 90.1¢ - - -
0.0% C.1¢ 0.23 0.15 0.32 €.2% $.1¢  D.33e 20 0.2Y 0.0 9% n2 3 227 2w

0 e
S.10 5.23 0.23 0.2 C.3% 0.28 0.2L  C.2fr €20 0.3h 083 .54 £.63 0.43 C.29  C.3¥
0 °

T A A A SRR T S M A TSP R
o
iy
[}
L
H
)
[}
’
1]

.15 “s e mmen ee e 026 0.2 D08 ee  ee - 52 0.3 .25 :
5%.3% Fly ash 0.01 OB C0.a3 OLG  0.75 .56 0.35  «= == .- Vaterie) 418 ret we aa - :
penetrate (nto
5.05 0.30 0.6 0.55 ©.8% €.§3 63 C.A3 O.7% 0.6 a5} e.01 0.%7 6.3,
0.10 0.9€ 0.71 0.56 0.72 0.£3 0.63 0.52 0.% 0.€7 143 woh 100
0.15 “e e ee ee e 0 030 0.63 0.59 2.57¢ 0.8 0.7 :
pd
I 53-17 Cement cel 6.52 0.27 0.22 5.29 (LSS 0.7 = s an Materiel a3 - - -
z byproduct, punetrate
£ 2.05 0.5 0.63 0.67 043 5.5 .68 047 6.1 0.92 “u 682 1.i5 1.50%
% €.20  2.5% 0.85 0.5 0.8¢ 1.05 ©.87 0.5 1.15 i.C3 1010 137 a2
g 0.1¢ T N T e 1.600 1.0 1.02
% . w2z amd 2.01 2.25 0.7 €26 0.1 .22 0.2k - e == GG W25 220 e -- -
g £.05 027 0,25 €.27 0.3 0.37 ©.33 .t 043 DY 0.2 043 0.35 0.23 S e
£ T 02 228 027 SR 638 C.32 0. 0.3 €. 6.@ 032 S.1¢ 0.3 5.30 5.3
Z
é 6.1¢ - . - - .- - S0 0.3 N - - ==  GhT 0T Otk
g
g
£ .
2
E * Ixsespive 5l: reiulse otcurred oft nrtes sfler test.

st requiremmnt for iz test.
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Sumpary ot Significence of Texperaturc and 03l Thickness in Short-Tearm Sicking
Efficiency Test at Three Texperatures for Three 011 Thickneszes

Combiration 1) . Effect Of Costinaticn (1) Effect Of
Material il No. Zexperature 0§l Thicknesr Materisl 01t Jo. Tepperature 011 Thickness
S0M-1 (drite) 1 8 (2) HS (3) SCM-14 (DY ash) 1 N ]
2 us HS 2 N K
4 S K L) L R ¥
K S b1 7 ] X
Sti-5 ‘eley) 1 R HS SIM=17 (cement 1 N HS
Yyproduct )
2 N X t 2 % ES
4 % u “ 3 kS
SoM-4 {telc) L B N 1 % - -
SM-22 {sand) ° ’
Sd-21 {clay) b n HS 2 ¥ X
2 X B L I 8
8 H ¢ HS s
S4=13 {sand) 1 N X 7 M "
2 % % |
. _ |
Y n }
g X HS
7 & N
Rote: {1} Date frem the 28 comblnations iivied vere tested fos significance.
{27 8 » sipr.ficant at 953 confidence level.
{3} ¥S = Highly significant--significant at 99% <snfidesce level.
(3. X = "ior sig.ificsnt.
Tatlie
Sort-Ter Sinkiap Teficiency {Appendix E Test Mothod)
- 711:5°K Retio iy Woight) &4 66 F for Ci1:5M Retlo {by weight) &t 63 ¥ for
Mnterial an 533 Thivaness of 0.0 sa. Materis) sn Cil1 Thickness of 0.5 in.
Ao Desiiption L1l i Gl 2 XL odis Gil T fo,  Descripiion GII 1 Ol 2 il Oit 6 O3 5
SO¥-1  Berite 1.0 0.83 1.8 Le3nes  3.38 SOM-:3 Sard 2.3 0.29 <9 0.33 0.37
-2 Train G.8Le Q.G 45,75¢ WSO 7 DnSORe ~1¥ Ty ajh 0.5 0.53 [< pKSO*e  0.87
=3  “lav 0.2 273 [8-10] RSN 0T =15 Fiy s.'. 0.29 0.39 0.l% 1,00t 0.v4
-+ Talc XYY DRSCre 1,82 Wures DNSOe -1f Sand 0.28 €. 0.29 0.b31  C.2% :
-> Tealc DSBS BSOVE SO DRSS DRSO ~17 Cemrmt 0.63 .98 0.72 DNSOs*  1.18¢
- Byproduct
~&  Ixic 5.5 D3 c.52 jo SR s
28 Clay C.58s  J.Lie 0.35% 0,38 0Roe 4
-t Tlay 2.5% .39 J.32% 1.2 C <3
. -9 Saxnd o.1% 5.32%  0.L2¢ O3k 0.23°
£ AsBeltng JUIDre DRSO ONSAYN DLGGTT DRSTee
} ~20 Se.2 034 Cude O lav 0.38¢ o)
<G Ashestos DR/Ges  GESTAs  GRE e QT DNS2ee
. H «2: Sand 0.23* G0 GUBe 0,33 0.27*
-1 Asbestios fo33®  1.OFe 1. %28 WS{AG 1.22¢ '
-2 Sand G.2% ¢.37 0.63 k3 0,82
=it Tley (] 2.93 0.60 Lo 37
=23 Sand 0.21* C.6e C1TY  0.29 0.33°
~12 Cisy &3 s ST RIS o R 2
> Txceszive ofl rrleass cocurrz within 13 nin efler test.
. 4 D:4 mot alny seakizh ol (SM) o moet AlnlraT regqwiTrRest for this test.
. ¥ Toean mRpterisis dr nl rolesse oxoegs ol dn sonaiderabic il release during first day.
: {3ne ta¥is L.

o

wi kAN

21 n ey

[

[

L
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Table 11
lorg-Terat 8 Effict

at 60 ¥ for O

; After After

OTC YRIckecar of 0.05 Ju.

1: )
Xtter ter for After After
BHr 1Dy  20ws 3wy 1 Days 42 Dazs
.78 0.7¢ 0.78 - 0.78 0.75
1 0.31 0.2 0.30 - 0.30 0.28
2 0.92 o 0. .9- ¢.92 -
W 3 Clay 2 0.65 0.6, ©.53 0.62 0.62 -n
SOM-11  Clay 2 0.8 2.81 c.&» 0.50 s 78 -
SOM-13 Sand 2 0.13 0.33 0.33 0.3 0.32 --
SOM-1% Fly esh 2 .71 205 0.68 0.8 .66 --
SM-17  Cement 2 <.92 6.3 0.92 c.92 0.9z -
byprodiet
S(M-22  Sand 0.23 .28 0.23 0.27 0.2 -
SM-7 Clay 0.6 0.6 0.15 .- 0.16 0.16
S04-13 Sard 4 0.10 2.09 c.08 - V.08 0.0
7 Clay 8 0.43 0.%2 0.35 -~ 0.35 .32
Xv-13  Samd [2 .49 LR O.ei - ©.38 0.29
SC¥-2e ¥iy ash % - 0.7l 2.59 - .- -
V-3l San. < - 0.43 .8 -~ -- -
se22 Sana & 0.59 R AR Q.82 .- c.3% c.3
SOM-1Y Slay 0.52 J L5 [ A - c.L0 C.¥F
SOM-13  Sand 2.3 0.27 2.2¢ - 0.27 0.27
Su-17 Cenert 0.61 0.5% .50 - 0.L8 .3
yyproduct
* Tor perfods up tc L2 days for rooe malerigis.
sole 12

Jymantc Retenticn Cepabilily Tests Including C

Oynaxic Versus Static Retenticn Cn

rizon of Test Resuits:

»aterisl

3
%
;
k
.
:
é;%_
¢
:
b
=
:
£
-?-;f
%
5
:
{
§

2y

Clay

Clay

sy

Optimes Cv1 Fetention Fotentlis
Texts {Sta*ic)
€53 :50M Ratio {bv Weight)

Dynerdc Retention Cepabilits
Tests (Iyma=ic)
r1SOM Retin (by weatent)

A> Stert
of Test

Alter

After
2 dr

After
3¥r  2uikr

At dlart
o3 T2z

Effect of Fluld Vvelocity ant Sen2 Botice on retenticn Capndildity

Resuits of

Averags
Flu.l

trried “ii Velority
Deseription No. 53
Sarite ¥ 2,55
Clay : s.5%
Slay A L=
lay : 0.5%
nd : e
Cement 1 (5

Yyoredust

Slay 3 5%
Yy 1 0.5%
f={ 53 H C.o

™)
L

w
oy

A e
Y

sand

Effect cf Beitom Jomftiorn

LT

73
0.%

1.3

1.3

.a
.22

1.1y
.19
1.19

Effect of Fluld Vriocity o Retevdion
SR 2

1.9

Tl

- 2etention Carebilie

.l

1.27

1.0

ase
.

1.7%

s.0?
o.74
1.27
s.20

Alter After
L Hr_ 2 Hr

X
L
r
o

N e PIK Y S v ETAMGRINL D

[P

Cnme .

X
=
=

Y,

X
>
%
2
E:
=
=

z
<
£

3
X
=<
&

=
et
H

L0 S L 0 OB e Y 8 s
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Table 23
Relative Effectivenesz of 23 M:terialz &n Retaining Of} ¥hile Submerged--
18uhr Test for Optimam O3l Rete:ution Potential

Nume-ical Ratinge
Witk With
Paraffinii-Based Niphthenic-Based with with Al Si
Low-Viscosity fowrViscosity qWiLh High-Viscosity <ith Ci1 Types
Material Crude 011 Crude 0i1 Piesel O Crads 041 Lube 011  (0ils 1, 2
ho._ Jcseriptics _ _ loi1 1} (O1is 2 mnd 3) (0Ll 4) {03z 6) __  (os17) 3, k4, 6, 73
30M-12 Asbestos X bt 4 2 1 i
SOM-8  Asvestos 2 2 1 2 2 2
50M~5  Talc 5 b 2 5 5 3 2
S04t Talc 7 [ 3 L 4 4 E
S0M=1  Barite 4 L 5 9 6 5 :
S-17 Cem:nt 10 10 5 7 9 6 H
byprodust B
3 S-10 Clray 8 v 3 12 7.5 7 . :
: SOM-12 Clay £ 9 13 11 75 3 s
E SOM-1  Clay S 8 11 s 10 9 o
E= SM-2  Chalk 1 n 10 3 13 10 3
E- SoM-5  Tale 1. 13 7 8 11 1 =
=3 -7 Clay p 14 o 10 15 12 - .
~0M-Y4  Fiy ash 12 1” le 15 14 13 .
SOM-15 Fly ash 15 15 1k 16 15 1Y
¥M-33 Clay 18 1% 21 13 2 25
SIM-13  Gard Y3 17 13 18.% 22 16 i
S0M-23  Sand 17 17 17 18.5 23 17 3
AM-12 3ard 20 20.5 195 17 18.% 18 :
SM-19  sand 20 19 17 22 18.5 19
SO-20 Send 0 20.5 19.5 20.5 18.5 20
30M-16 Saad 2 22 17 20.% 18.5 21
S(t-2% Sand &3 23 2 23 21 22
SOM-Q  Astestos 3 3 4} 3 3 3%

* Ratéing of 1 :ndicates the be.l materiel for that oii and 23 ih2 worst matcrial. Actusl test dats are given

in table 5.
= “*  3id .ot retudn cil b,
<3
& Table 1h
Relative Eft=ctivenesc cf 23 Mat(rials in Sirking O41; Short-Term Testr
=t S0 £, 01l Thickness ci 0.05 in.
Aumerical Ratis —
wit: Lowe With fow- with .‘ugh- With A1l Tive
3 Yiscosity Viscosity Btk ¥iscosity with Ci} Types
- - Matecial Crude 1 Crude 01 Diescl Oi1 Crude Uil Lube N4l (oirs 1, 2,
= No. Sestription (041 1j {031 2) (031 &) {ciy 6} (ci1 73 L, 6, 7)
=
g SO8=15 Ty ash 4 7.5 9 1 5 1
g SOM-2T 3and 10 9 10 2 & 2
SON-13 Sand 1 11 12 L 7 3
SCi-1 arite 1 3 2 1 1 Lt
SC¥-1¢ Cisy L 5 é 17 2 5t
SM-1 Fly 3% ] 3 3 17e* 3 ot
KM-3 Clay 3 L 8 J7ee L T4
SOM-16 Sand 12 18ee 31 2 g 8t
31 Cezent S 3 L 17 10+ 9t
oyp1 Mucs
S{M-13 Clay 2 S 178 1l 10t
M6 falc 7 7 17%% 20.5%* 11t
SoM-7 Lhav 8 194 Ges tles 12t
SCM-20 S=r3 1k 158s g N 131
SC¥~39  Sand 13 17 s 17 W
foN-21 Send 18es 5% £ “fee 15t
3 Sand 19 Fald 7 15+ 164
SCM-l TRy z1.5% 1 178 JSee 17t
Se-1" Ashectes 15 13ee 17" 120 181
sax~18 Clay 17es 16 100 i3 i9¢
2 Chalk 150 1ues 17% 20.5¢%* 20t
: B i) Al 21.5% 2i%s 17 20.5¢% 21
: ST¥~a Aabestus 21.5%¢ 1¢v ITee 20.5% 221
ST Asbestos 21,5 2. 17 20.5% 221

* Palirg 37 @ indiczles the best material for that ¢fl: ae~ tsble 10 for actusd test data.
. Nid ot perform satisfmltorily with this o)

t Rt sstisfactery for sinking ail olls °t this temperatare 4nd oil thicknesa.

il

]
L




Table 15
Relative long-Term Effectiveness of 11 Materials in Retaining 0il While ‘
Submerged-~7-Day Tests for Optimum 0il Retention Potential

Numerical Ratings*

with With With All
PYaraffinic- Naphtlenic- Five 0il
Based Iow- Based Low- With With High- Types
Viscosity Viscosity Diesel Viscosity With (vils 1,
Material Crvde 0il Crude 0il 011 Crude 0il Lube 0i1 2. 4,
Yo, Description (0il 3) (031 2) (04 4)  (oi1 €) (cir 7) 6, 7)
SOM-1  Barite 1 1 1 1 1 1
SOM=11 Ciay 2 2 3 2.5 2
SOM-17 Cemeat k L 2 L 3 3
byproduct
SOM-3  Cley 3 3 6 5 i y
SM-7 Clay 5 6 b 2.5 6 5
SOM-1% Fly ash 6 5 5 6 5 6
SM-13 Sand 9 7 7 6.5 10 7
SCM-16 Sand 7 11 9.5 8.5 7.5 8
SOM~-23 Sand 8 8 11 7 1 9
OM-22 Sand 10 9.5 9.5 10 7.5 10
SOM-21 3znd 11 9.5 8 1 9 11

* Actual test jata given in table 7. Rating of X indicates best materiai, rating of
11 indicates worst material in this group.

Table 16

Relative Effectiveness of Nine Materials in Sinking 0il; Shoit-Term

Tests at Three Temperatures and Three 0il Thicknesses

Numerical Rating*

With ILow- With Iow- With With High- With All Five
Viscosity Viscosily Dieseli Viscosity With Jil Types
Material Crude 0il CJrude 0il 011 Crude 011 Iuve Jil (0iis 1, 2,
No. Deseription {0il 1) {011 2 {nil 5} (ci1 6) {011 7) 4, 6. 7)
SOM=22 Send 6 6 7 1 1.5 1
SCM-13 Send T 7 B 2 1.5 2t
SM~).  Barite i 2 (e Jae +
SOM-11 Clay 2 1 (38 T "
SOM=-17 Cement 5 3 3 SE% L 51
byproduct
SOM-3 Clay 3.5 L 5 Lo Saex 6t
SOM-1% Fly ash 3.5 5 6 3 IR 7t
SOM-4  Talc 8.5%» 8.5 1 3o S 3t
SOM-8  Asbestos 85w« 8.5% Guex S B.5ex gt

* Test data given in tebie 8; rating cf 1 is best.
**  Did not perform setisfachorily with ‘his oil.,
t Kot satisfactory for sinking 21l oils at all three tempersatures.
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Table 17
Dry-Application Sinking Agents

R

SRR et
T PR

Orerall Final Ranking* with 0il or 0ils Shown

Paraffinic-Based Naphthenic~Based

11 Six 0il

Iow=Viscosity low-Viscosity High~Viscosity Types
_ Material Crude 01l Crude Oil Diesel 0il Crude 0il Lube 0il (0Oils 1, 2, :
No. Description (0il 1) (0ils 2 and 3) (oil k&) (0il 6) (0i1 7) 3, b, 6, 7) !
All-Season Sinking Agents
SOM-1  Barite L L 5 -- - -
SOM-3  Clay 2 2 3 - - -
SoM-b  Talc - -- 2 -- .- -
SOM~11 Clay 1 1 1 - - -
_ SOM~13 Sand 7 7 - 1 1 -
& soM-ik  Fly ash 5 5 6 - - -
SOM-17 Cement 3 3 h - - .
byproduct
SOM-22 Sand 6 6 7 2 2 1
Provisional Sinking Agents
SOM-4  Talc 3 3.5 2 - - -
50M~-7  Clay 2 2 - - .- -
SOM-12 Clay 1 1 1 - 1 -
SoM-15 Fly ash 6 3.5 3 3 3 1
SOM-16 Sand . 7 - Y 4 4 - i
SOM=19 Sand 4 - - 1 - -
SOM=-20 Sand 5 - - - 2 -
S0M-21.  Sand - - - 2 - -
SOM=-23 Sand - - - 5 - -
Tf.} % Rank of 1 is best.
'l} {
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APPENDIX A: PROPOSED METHOD OF TEST FOR
DETERMINATION OF OPTIMUM OIL RETENTION
POTENTIAL OF SifKING AGENTS )

OR SORBENTS FOR O1L !
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APPENDIX A é‘
PROPOSED METHOD OF TEST FOR DETERMINATICN OF 3
OPTIMUM OIL RETENTION POTENTIAL OF SINKING ! 3
AGENTS OR SORBENTS FOR CGIL { Iﬁ
1. This proposed method of test covers procedures for determinring the ‘ gj
optimum oil retention potentisl of a sinking agent or sorbent, which is an ‘ E
index of the ability of a material to retain sorbed oil when submerged. A ‘ f;
sinking agent for oil is defired as & material that, when applied to rloat- ‘i
. ing oil, sorbs (adsorbs and/or absorbs) oil and sinks with the oil, thus %
removing oil from the surface. A sorbent for o0il is a material that, when , ;;
applied to rloating oil, sorbs (adsorbs snd/or absorbs) oil but does not ’ ;:::
sink; oil and sorbent both remain on the surface. Optimum 0il retention po- %
tential is the optimum capacity of an oil-sinking agent or oil-sorbent mix- : é
ture to retain oii while submerged. It is expressed by the 0il:SOM ratio : ;}
(0il:sinking agent or oil:sorbent ratio) used. ‘
Apparatus é
2. The testing apparatus shall consist of the following: 2
a. 250-ml Erlenmeyer flask with ground joint. g
: b. 25-ml graduated cylinder with ground joint (units a and b to be ; :§Z
] used as indicated in fig. Al). : £
- é c. L400-rl beaker. ,
_ é 4. Variable-frequency vibrating table. ’
5 4 e. Belance sensitive to 0.01 g. q
~;? § f. Burrell shaker. ;
i § g. 10-ml hypodermic syringe and needle (gage of needle should be ;
- B determined so as to allow for easy but controlled flow of the 3
§ - particular grade of oil to be used). 2
3 g h. Glass stirring rod. ;
1 % . i. Small-diameter plastic or rubber hose. _3
- i. Funnel (small).
g k. Vacuur apperatus (ses fig. A2).
= é 1. Rubber stopper for Erlenmeyer flask.
- § Materials
2 3. Meterials used in this method are:
.
% Alb

sl *
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Test material (sinking agent or sorbent). =
0i1 (30 ).

(o Ip

o

ASTM substitute oce'n water (ASTM designation: D-1141, Section
L} or distilled wvater.

T

Surfactant-Isc- 1 265 (Johnson-March Corp., Philadelphis,
Penncyivania).

e. Fetroleum jelly.
Procedure
4. Method 2 (for sirking agents):

a. The inside of each flask and graduated cylinder (fig. Al) + e
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 approximateily 175 F for at
least 2 hr. This treatment mi~imizes the tendency of the sur-
facing 0il 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.

o

Weigh the flask to nearest 0.01 g (cyvlinder removed), add the
SOM, and reweigh the flask. The final weight minus the initial
weight will indicate the weight of SOM being vsed. The propor-
tions of oil to SCM required to yield approximately 10 cc of
*ree o0il should be used. This volume of free 0il is needed to
allow for test variation within the range of voiume of free oil
released. Thirty grams of o0il should be used in eacn test. A
preliminary screening test to indicate the weight of a given SOM
suitable for use with 30 g of a given 5il can be made by placing
30 g of the oil in a 400-ml beaker, adding SOM to the oil from 2
preweighed container until the 0il-SOM mass starts to thicken,
lose gloss, or become viscocus. At this point the mass should be
stirred, water should be added, and the mass stirred an saddi-
tional 30 sec. After the mixture stands for 10 to 15 min, the
extent of surface o0il will indicate wheth-r too much or too
little SOM has been used. The weight of SOM used can be de-~
termined by difference in the initial and final weighings of

the container plus SOM. Additional screening tests with nec-
essary adjustments should be ccnducted which will mirimize work
and time required to obtain the test results.

Ie]

Add tre 30 g of 0il to the 1.i:ok. This step may be simplified
by use of the hypodermic syringe which will minimize the amount
of o0il brought intc 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 o0il has beer added.

2ttt p b e o

b
|9

= Use a rubber stopper to seal the flask and shake for 15 min with
B a Burrell shaker, adjusting the molion of the shaker as neces-~
sary to obtain good distribution cf o0il throughout the SOM.
Several flasks may be shaken sirultaneously, depnending upon the
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capacity of the individual shaker. In any event, if test ro-
sults are to be comparable, each test {or set of tests; must be
performed under tnes same conditions. If nscessary, the contents
of each flask may be stirred to ensuve that all portions of the
SOM have been brought into -—ontact with the oil. Tnis will be
particularly necessary when the more visccus oils &re being
evaluated. Care should be taken, hovever, To pravent any un-
necessary contact between the 0il1-SOM mass and the uppermost
sides of the flask.

Apply 30-in. mercury vacuum {(fig. A2) nntil such tiuwe as there
is no loss in vacwm cver a 5-min period of time.

411ow flask to stand for a period of time such thei the total
time elapsed in steps ¢ and f is 1 hr.

Vibrate the stoppered fiesk for 30 min, adjusting the frequency
of the vibrating table as necessary. CZeveral flasks can ke vi-
brated simultenecusly; however, the vibratory motion ¢f the
table will have to be adjvsted in order to accommodzte 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. Tnis step is particularly important in
that it results in release of the free o0il which is entrepped
between solid particles and is not actually sorbed {absorbed
and/or adsorbed). iis consolidation process improves the
reproducibility of test results, particularly for the coarser
materials.

Remove stopper and affix the graduated cylinder in the top of
the flask. The guelity of the s2al can be improved by coating
the ground glass surfaces with petroleum jelly.

Add enough ASTM substitute ccean water to the flask-cvlinder
system to bring the free oil surface level to the 0.0-ml mark.
The water snould be added in such a manner as to minimizz dis-
turbance of the 0il-S9M mass and minimize emulsification of thz
free o0il. This can be facilitated by using a flexible rubber

or plastic tube and funnel as illustrated in fig. AS. 7This will
minimize the free-fali distance and disturbance. Care must be
exercised tc prevent the lower ernd of the tube from coming into
contact with the rising liquid surface, since some of the uil
would become attached to the tube.

Determine, by use of the cylinder graduations, the volume of
free oil reieased. This measurement should be made to %he
nearest 0.5 ml and should include any sorbent which is sus-
pended in the free cil column. Since test method A is designed
to evaluate sinking agents, it is felt that this procedure would
adequately penelize eny materials whi:h do not act fully as
sinking agents. These readings should be made 2 hr zfter the
addition of the water and 18 hr &fter the addivion of the water.
Ta most instancaes, volumetric differences between the 2- and
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16-kr readings will be negligibie. However, for certain mate-
rials, particularly the expansive clays and some oils, the
differences will be cubstantial. In these cases. both readings
“iould be reported and the 18-hr reading should be used to com-
tute the optimum 03l retention potential.

Multinly the vorumetric measurement of oil in cubic centimeters
b the specific gravity of the oil ured {determined at T3 Fj to
vield the weightv in grams of free o5il. OSubtract this weight
from the osiginal weight of o0il added io the flask to obtain,
i. grams, the weight of o0il effeccively sorbed and retained.

Divide the weight of oil adsorh2d and/or absorbed by the weight
of tost matzrial used to obtain the optimum retention potential
expressed as an ¢il:30M ratio. Any interesting or un-~usal
items, such as velume of {loating sorbents, should be ..»ted in
the test results. This test should be repeated at least three

imes for each individual ocil and test material used and the
results averaged.

5. Method B (for powdered materialsj:

Conduct test as described in method A, paragraphs a through g.
The amount of sorbent used (see naragraph b, method A) should,
in the end, be such that no free oil and/or oil-sinker mass
ficets to the surface upon sddition of water to the flask.
Several tests will probebly be necessary to determine the opti-
mum weigat of 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 o0il used, there
is a minimum amount of sorbent which adequately retiins the oil.
It is toward the detezrmination of this minimum weight of
sorbent that this test is directed.)

Allow the entire system to stand for 16 hr. Should, at any time
during this 18-hr period, any appreciable volume (more than z
trace) of free oil and/cr il1-SOM mass rise to the water sur-
face, vepeat the test using slightly less sorbent than was pre-
viously used. Contirue testing in this manner until the weight
of scrbent which will yield only a trace of free oil and/or
011~-S0M mass on the water surface is determined and verified

by at least two additional tests.

Divide the weight of 0il used by the minimum weight of sorbent
used (the minimum weight which will catisfactorily retain the
0il in the bottom of the flask) to cbtain the optimum potential
expressed as an 0il:SOM ratio.
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Fig. Al. 250-ml Erlen-
} meyer flask equipped

with graduated cylinder
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Fig. A2.
entranr-

0il-80M mixtures being subjected to
ir evacuation in vacuum apparatus
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Fig. A3. Addition of

water to 250-m) Erlen-

meyer flask-greduated
cylinder assembly
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APPENDIX B

PROPOSED METHOD OF TEST FOR EVALUATION OF THE
SINKING EFFICIENCY OF SINKING AGENTS FOR OIL
(DRY AFPLICATION)

Scope
1. This proposed method of test covers a vrocedure for evaluating the

sinking efficiency of sinking agents for oil}. A sinking sgent for oil is a

material that, when applied to floating oil, sorbs (adsorbs and/or absorbs)

|
&
-
%}1
.
£

0il and sinks with the oil, thus removing oiy 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 which is at
the surface of an oil-vater mixture. A material which does not sink oil,
such as a sorbent, has no sinking efficiency and does no. meet the minimum
requiremeni for this test.

2. Of ithe many ditferent factors which contribute to the interacticn of
an individusl sinking agent with a particular oil, the most important sre:
{a) systenm temperature, (b) initial oil film thickness, and (c) nature of

0il ?ilm (fresk or weathared). All of these factors should be examined in

L VT RS G W A GO s LA e

order to adequately evaluate the performance of varicus sinking agents wien
used with various types ¢of oils.

Avparatns
3. The testing apparatus shall consist of the following:

a. Stirring rod.

b. L4000-ml beaker (Griffin low ferm, Pyrex).

£. Balance sensitive to 0.01 g.

d. 10-cc hypedermic syringe and needle (gage of needle should be
deterrined so as to allow for rasy but controlled flow of the
particular grade of oil to be used).

e. Dewice for controlling application of sinking agents (see
fig. Bl).

f. Variable-temperature water bath or varisble-temperature room.

£&- Timing device.

R




Materials
4, Materials used are:
a. Test material (sinking agert or sorbent).
. 01il.

. ASTM substitute ocean water (ASTM designation: D-11kl,
Section kj.

o |

o

[0

. 0Oil-soluble dye (fer use with aearly transparent oils).
Procedures
5. Test procedures are as 1i.llows:

&. Bring cor_onents of the test apparatus and test materials to
equilibrium at the designeted test temperature. This will bes:
be accomplished with a variablie-temperature control room in
which the entire testing operation can be performed. If
desired, a water bath cax be used in conjuncticn with a
variavle-temperature room to perform tests at air temperatures
somewhat different from the fluid system temperature.

b. Add 2000 ml of water to the 4000-m! beaker. At this level, the
cross-sectional erea of the water surface,.in the standard
Griffin low form Pyrex beaker is 194.8 cm“. Weigh the besker
and water to the nearest 0.01 g.

Add o0il to the water surface, the volune (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 performzd. The weight of o0il reguired can be computed
from the kaown 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 o0il to help
eliminate problems of visually determining when the oil slick
hes been effectively sunk. Place the beaker in position for
application of the sinking agent through the application device
(see fig. Bl1).

Io

e

Sprinkle the sinking agent through the top of the sorbent appli-
cution fummel. This epparatus is designeua simply to ensure

that (1) all tests are conducted using the same free-fall
distance (30 in.) for eacn SCM, 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 cperation showld not exceed 10 min
and should not be less than 5 min.

In 2all instances, some if not all of the oil-sinking agent
mass will float until signifi- nt agitation is applied. This
can be accomplished by stirring tre system vigorously after the
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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 experienrce
and good judgment -n the part of the test personnel in that,
with most materials not sinking until after vigorous agitation
is arrlied, a decision must he made as to when barely enough
mater’w' has been applied to effectively sink 90 to 100% of the
oil. « the mejority 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 cil is present. Fig. B2
illustrates these conditions.

&
B
=

e. Sinkirg efficiency of the sinking agent used is, in each case,
computed by dividing the weight of 0il sunk by the weight of
the sinking agent required to sink the oil. The test should be
cornducted three times and the results of the three tests
averaged. Any pertinent observations such as oil release (see
note) with time should be ncted with the test results.

ij Note: If long-term oil release measurerents are desired, a
= glass funnel with a graduated stem may be piaced over the sunken
= oil-sinkirg agent mass and the volume of 0il release may be
measured for as long as desired.
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Fig. Bl. Device to aid in controlling
application of sinking agents
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a. Amount of sinking agent insufficient for
total sinking

Reproduced from
est avai'able ccpy.

Amount of sinking agent barely sufficient for
total sinking

g. B2. Typical appearance of oil-slick surface
after application of sinking agent
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APPENDIX C : E

PROPOSED METHOD OF TEST FOR DETERMINATION
OF DYNAMIC RETENTION CAPABILITY OF
SINKING AGENTS FOR OILS

Scope

1. This propcsed method of test covers a procedure for determining the
dynamic retention capability of a sinking agzent 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 ratic 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
0il and sinking agent are piaced 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 vwhich 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).

¢. Variable-frequency vibrating table.
d. Balance sensitive to 0.0l g.

e. 400-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).

g. Weighing pan (aluminum pie plate).

k., Materials to be used are:
&. Sinking agent.
b. 0il.

1zl

ASTM substitute ocean water (ASTM designation: T[-11b1,
Section L).

cib
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d. Fine glass wool.

e. Bed material for bottom cf 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 will cause the calculated weight of 0il released (based on
volatile loss-time relationships) to be too great.

b. Add ASTM substitute ocean water to the flow cheanel and allow
the system to reach standard laboratory temperature (i.e.,
73+ 2 F).

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. Alter stabilization has been achieved, the velocity
profile of the channel cross section should also be determined.

10

e

Place known amounts of sinking agent and oil (at standard tem-
perature) in the 400-ml besker, 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 o0il that the particular
sinking agent will adsorb and/or sbsorb. This ratio should
have been previously cbtained 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 45 min. The beaker should be
covered appropriately during this operstion.

f. Allovw 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.

£. Add the known weight of sinking agent-oil mess to the moving
channel. Any residue left in the beaker should be weighed,

: this weight to be proportioned according to the original

23 weights of sinking agent and cil 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 remainred in the mixing container after

the najority of the mass was added to the channel. Then by

c2
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proportion of weights originally mixed, T g of sinking agent

and 3 g of 0il remained as residue in the container. Therefore, g
693 g of sinking agent and 297 g of o0il were added to the 7
charnel. )

h. Weights of o0il released shculd 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. =

5 Som¢ of the later release measurements may ve eliminated, ob- :

g viously, if at some point it is observed that release is no

. longer occurring.

i. Determination of the weight of free unweathered o0il floating

on the surface at any time should be accomplished by removing
this free 0il, using the fine glass wool, driving off vclatile
fractions at a temperature and for a period of time determined
by the type of oil being exar.’ aed and by the volatile loss
characteristics determined according to the "Proposed Procedure
for De‘ermination of Volatile Loss-Time Characteristics of 0il
Retaijed on Glass Wool," and determining the weight of oil resi-~
due 1emaining after volatile evaporation.

Vi ) B G

it AL

J. This veight of oil residue should then be divided by a conver-
sion fastor previously determined according to the "Proposed
Procedure for Determination of Volatile Loss-Time Cheracteris-
tics of Qil Retained on Glass Wool," this computation yizlding
the weight of free unweathered oil releused since the time of
the previous collection of surface oil.

k. This weight of free unweathered oil coliected should then be
added to the weights of 0il 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 es determined in
step g of this test method will represent the weight of free
unweathered oil released over the pericd o1 time, t , ex~
pressed as a percentage of the weight of free unweathered oil
originally adsorbed cnd/or absorbed. Such time-release charac-
teristics for a specific sinking agent, o0il, and fluid velocity
can be represented in graphical form as irdicated in fig. C3.

g ¢ s

B L L Bl L

~. The weight of 0il retained is determined by subtracting the
total weight of 0il collected (see paregraph g_above) from the
weight of o0il placed in the channel.

m. The dynamic retention capability is then compuicd by dividing
tae weight of oil retained by the weight of sinking agent used.
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Circular channel for simulating current flow
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APPENDIX i+ PROPOSED PROCEDURE FOR
DETERMINATION OF VOI ATILE 1OSS-
TIME CHARACTERISTLCS OF OIL
RETAIN™ ON CLASS WOOL
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PROPOSED PROCEDURE FOR DETERMINATION OF .
VCLATILE LOSS-TIME CHARACTERISTICS OF :
OIL RETAINED ON GLASS WOOL

L

A,

il
il

i
Scope ;

1. This test is intended to bte used for calibration purposes, the re-
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su’ ting volatile loss-time relations to be used .1 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 detcimines,
for a particular weight oil-water-giass wool combination and evaporation
temperature, the volatile loss-time relation after total evaporation of the
water component at low reiative humidity, one can then use this relation
to compu.e the weight of unweathered free oil removed frcom a system by evap-
orating the volatiles from this removed oil (at the same temperature and
for the same evaporati.: period), determinirg the weight of the cil 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 Jasing &n
evaporation periocd 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 the
residual o0il volatile loss~time curve. It is also important that the evap-
oration temperalure used, for a particular oil, bs high encugh so that equi-
librium (no appreciable loss) is reached in a realistic period of time, and
at the same time low enough s0 that enough residue is left to make reason-
ably accurate computations. In particular, diesel fuel must be treatea at
somevhat lower temperutures than those used for crude oils since totel

evanoration of diesel fuel will occur at the higher temperatures. Total

T R TS (L S LA L B BT il 0T

. evaporation would yield no useful data. Low humidity environment appreci-
ably decreases the time required {or water evaporation, and thus system
equiliibrium.

Apparatus

)
<

.. The apparatus used for this test are:

a. Oven.
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b. Weighing pan {aluminum pie plate).
c. Fiuze gless wool.
d. Large pan for containing water and oil film.
€. Balance sensitive to 0.01 g.
f. Desicector.
Materials

5. Materials :2¢ "~ the test are:

a. 0il.

b. ASTM substitute ocean water.*
¢. 0Qil-soluble dye.
Procedures
6. Test procedures are as follows:

a. Allow all materials to stabilize at standard laboratory temper-
ature (73 + 2 FJ.

b. Add ASTM substitute ocea: water®* to large pan.

¢. Determine tare weight of aluminum pie plate and glass wool to
nearest 0.01 g.

d. Place )0 g of fresh cil on the water surface and allow signifi-
cant dispersion to occur.

e. Remove the frze o0il from the water surface ty dragging the fine
glass wool over the surface as illustrated in fig. D1.

f. Place all glass wool (contaminated and unconzaminated) 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, 43,
and 72 hr so that any appreciable decrease in rate of evapo:-a-
tion will be obvious. Experience has indicated that evapore-
iion periods of 2k, 48, &nd 72 hir are normally adequate to ob-
tain a calibration curve.

o
»

Allow the unit to cool to 73 F at 50% relative humidity.
Weigh the unit to the nesrest 0.01 g.

e e

Subtract the tare weight (step 2) 1rom the total weight
(step i) to yield the weight of residual.

|

Divide this weighkt by 10 to obtain the number of grans of resid-
ual yielded per gram of unweathered free oil.

* ASTM Lesignation: D1141, Section b

n2
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7. This test should be conducted three times recording residual
weights at 24, 48, and 72 hr. The values determined 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 eny future test, will
yield the weight of unweathered free cil collected in that test. The three
time intervals should be plotted so that & 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 zmount of

0il, as the oil-water relation will affect the rate of volatile evaporation

from ne cil during the first 2k hr.
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Removal of released oil from fluid surface

by using glass wool

Fig. Dl.
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: INFORMATION ON 92IL SINKING
MATERIALS SUPPLIED BY THE
MANUFACTURERS
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MATERIAL IDENTIFICATION: SoM-1

CHEMICAL--PHYSICAL PROPERTIES:
CHEMICAL COMPOSITION: EBarite with 10 percent latex rutber.

SPECIFIC GRAVITY: 3,3 ¢/cc. Bulx density 80 oef.

FLASH POINT: V-~-y high.

{CC CLASS:

VISCOSITY: Solid powder.

MISCIBILITY: Compatitle with oils; not easily wet ty water.
SOLVENT COMPATIBILITY: fiot applicable.

SHELF LIFE: Probably several yeers.

LB e b e AR R 3 A P MR oty AL A O RS

COST: % to ¢ cents per pound; pilot plant for productiorn would have to “e constructed.
. DOSAGE RATE: By zanufacturer - 1:1.3 agent to oil.

APPLICATION METHOD: Ey manufactiurer - avply by eny method that will uniforzly syread the meterial .
on the surface of the flceting oil. .

AVAILABILITY: Zuentity unlinited if treatment plant constructed. s

USE RECOMMENDATICNS AND LIMITATIONS: Anywhere oii csn be sunk.

SPILL EXPERIENCE: Latoratory tests ty zmanufacturer.

EFFECTIVENESS: Ctservations during tests by t  facturer indicated materizl to te rapatle of sinsins
1.3 to 1.7 1t of crude cil per pound of zaterial. Material more effective on I-wer

density, .ess viscous oils.
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MATERIAL IDENTIFICATION: sou-2

CHEMICAL--PHYSICAL PROPERTIES:

CHEMICAL COMPOSITION: Hydrophobic caleium carbonate, particie cnclosed in a film cf fatty acid
(stearic acid about 7).

SPECIFIC GRAVITY: 2.7.
FLASH POINT: ‘ot applicable.

ICC CLASS: Standard.

VISCOSITY: .:olid

MISCIBILITY: Hydrophotic (nonsclutle in water).
SOLVENT COMPATIBILH’Y Kot applicable.

SHELF LIFE: Indelinite.

COST: 380.0C per ton, FOB major port cities (v. s.).

DOSAGE RATE: By manufacturer - 1:1.5 agent to oil bty weight.

water moverment or egitation.

AVAILABILITY: 5 tons inventory in lew York City - normal four weeks production rates unlimited.

storage requirement = itessary.

A CANYOL incident - LCOO tons used.

-
s

~FFECTIVENESS: By menufacturer - QY.

TOXICITY:
Sy zmanufacturer -
Fer cperatcrs - ne recerded cases of

orde restiratsry proviems 1Gwc-iad (suggest use of rilter rask
Tor -arine 1ife - ne iimit, nontoxic meo :

E2

o

YA

APPLICATION METHOD: By menufecturer - sprea" on surface of sea wzter or oil spill. Heevy sea sgita-
tion is desired. The egent that fallc on the ~ater will flcat x.m.'.'.l it contacts
0i1. Once it contacts oil it compounds end hydrostatically sinxs. forming small
stable patches cn the sea ted. Reacticn ‘. me - derends on ratio used and sea

USE RECOMMENDATIONS AND LIMITATIONS: By zanufacturer - re nded for open sea and bay for use on
fresh and weathere es and distillate fuels. MNo speci

SPILL EXPERIENCE: ¥y manufacturer - ladc-atery and field v-erience as well as experience i. t.e [.RR
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MATERIAL IDENTIFICATION: sOM-3

CHEMICAL-PHYSICAL PROPERTIES:
CHEMICAL COMPOSITION: 100% calcinated clay.

SPECIFIC GRAVITY: Densit 35 pef.
F.ASH POINT: one

'CC CLASS: Calcinated lay.

VISCOSITY: Grarular dry material.
MISCIBILITY: lLone

SOLVENT COMPATIBILITY: ot applicabie.
SHELF LIfFE: Indefinite,

COST: $60.00 per ton in 40- to 50-1t bags.

DOSAGE RATE: 3By manufacturer - not specifically defined. Apply to cil surface, as necessary.

Bl W N BN A 8 s e M AR

APPLICATION METHOD: By manufacturer - applied ty blewing or sprinkling onto the surface of the oil.
Spills on hard surfaces can be swept up after absorbing with the material. Re-
covery of spent agent is not feasitle. It can be removed and hauled away to a
dump area or sunk by applying a little wtter spray to the oil and agent [loat-
ing in the water. Reaction time - will sink in a few minutes.

e et S 1

B 3 B s B

AVAILABILITY: Avaeilstle in most U. S. cities.

o -

e

USE_RECOMMENDATIONS AND LIMITATIONS: By nanufacturer - recczmended to be used in ereas where per-
missible for treatment of Bunker C, fresh crude, and distil-
late fuel oils. Tuere is no limiting stormge texperature
renge or other storege constraints. Recommended for small
spills in loading areas and on docks and decks to kXeep oil
out of the water.

e W e

SPILL EXPERIENCE: By manufacturer - material is used primarily for on deck or loadirg spills where
either = quick pickup is reguired or sinking is dasired.

[o—

EFFECTIVENESS: By menufacturer - percent effectivenass is not specified. For pickup, it abs.rur agwut
its owm welight of ¢il (0.9 = /g).

TOXICITY;
By manufacturer -
Tor operaters - not reported.
Tor marine 1ife - inert and norioxic.
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MATERIAL IDENTIFICATION: SOM-4

CHEMICAL--PHYSICAL PROPERTIES:
CHEMICAL COMPOSITION: Talc, 10 micron {70% orgenophilic, 30% hydrophilic), no stabilizer.

SPECIFIC GRAVITY: 2,75,

FLASH POINT: Does not burn.

ICC CLASS: Not reported.

VISCOSITY: Rot appliceble.
MISCIBILITY: Insoluble in water.
SOLVENT COMPATIBILITY: liot applicable.
SHELF LIFE: Indefinite.

COST: 4 to 8 cents per pound in carload lots. FOB Seattle, Portland, San Francisco, los Angeles,
Chicego, Trenton, and Boston.

DOSAGE RATE: By manufacturer - estimated 2 to 3 parts agent for »ach part of cil.

APPLICATION METHOD: By manfs_turer - Broadcast dry onto oil slick. Agitate. May also be mixed
- 1 lbygel with water and sprayed onto oil slick. Dry application mest effer-
tive. 0il disperses and sinks. Reection time - immediate to several hours
depending on agitaticn. TFor beach protection, spread 15 to 20 ft wide before
tide cores in. Tor rock cleaning, mix witk painter's naphtha, apply, and wash

with high-pressure water stream.

AVAILABILITY: Invertory quantity 10 to LO tons at Seattle, Portland, San Francisco, Los Angeles,
Chicago, Trenton, and Boston. Production of 70 tons/day possible with 1 week lead
time or, in emergency, 1 dey lead time.

USE RECOMMENDATIONS AND LIMITATIONS: By mamufacturer - reccmmended for open Sea, bay, harbor,
estuary, and shore for fresh crude and éistillste fuils.
Not effective on Bunker C or heavy fractions. Use for
beach protection, teach cleaning, and rock cleaning. Some
of the product cen float to shore elther oil-contaminated
or clean and leave & deposit. Storage requirements - keep

ary.

SPILL EXPERIENCE: 2y manufacturer - The San Juen Puertc Rico Dept. of Public Works used two 50-1b bags
every low tide at Caribe Hilton Hotel Beach, Puerto Rico (OCEAN EAGLE Spill - March
1968). Spread 15 to 20 £t wide on 800 ft beach. Tide carried oil and tale cut snd
kept beach open and free of ofl (amount of oil at this beach was not large accerd-
ing to manufacturer). Santa Barbara - used by Crosby .3 Overton, Long Beach,
Calif., on beacnes to poiish cleanup after most oil r-.oved mamally, and fov

cleaning rocks (1969).

EFFECTIVENESS: By uanufacturer - no estimate or test data reported. By oths s - tests by University of
Puerto Rico rated absorbency "Excellent. Adle tc emcve .ain filp: of o0il. Good for

cleeni.g sands also" and rated leaching "Leaches most of the oil 37 exposed to the

sun. "

TOXICITY:
By mamufacturer -
For operators - nontoxi:z; no silicosis hazard.
For marine 1ife - no toxicity; documented by laberatory tests by maine blologist at University of

Puerto Rico.
By others - 1005 mortality in 6 hr at 1000 pmm for moharra.
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MATERIAL IDENYIFICATION: SOM-5

CHEMICAL-PHYSICAL PROPERTIES:

N R A A B e s R sl WA b it A el B i

CHEMICAL COMPOSITION: Talc, 10 micrrn, zinc stearate costed (100" orgensphilic; 1007 hydrophobic).
No stabilizer.

SPECIFIC GRAVITY: 2.75 (tre.ted materiel does not sink in water).

FLASH POINT: Does not burn.

ICC CLASS: Not reported.

VISCOSITY: Not applicable. ; E

MISCIBILITY: Insoluble in water. k:

SOLVENT COMPATIBILITY: Mot applicabtle.

SHELF LIFE- Indefinite.

COST: ¢ to 10 cents per pound ir carload lots. FOS Seattle, Portland, San Francisco, Los Angel-s,
Chicago, Trenton, and Boston.

DOSAGE RATE: By manufacturer - not determined.

Estimates 2 to 3 parts agent for each part of oil. 43

APPLICATION METHOD: By msmufacturer - treadcast dry onto oil slick. Only harvesting method used to

date is manual retrieval on shore. Reaction time - not reported. Does not
sink oil.

AVAILABILITY: Inventory quantaty 1 to 20 tons at Seattle, Portland, San Francisco, Los Angeles,
Chicego, Trenton, and Boston. Produstion of 35 tons/day possivle.

USE_RECOMMENDATIONS AND LIMITATIOMS: By manufacturer - recommended for open sea, bay, harbor,

and estuary on fresh crude and distillate fuels. Not
effective cn Bunker C or heavy fractions. Does not sink
the oll.

SPILL EXPERIENCE: 3y manufacturer - used on & small floating slick at Caribe Hilton Hote) lagoon in
Puerto Rico (OCEAN EAGLE Spall). Hand broadcast, agitsted with boat, drove
slick to shore, and picked up with squeegees, pushed up £ad shoveled sand away.

EFFECTIVENESS: By manufacturer - no estimate or test data.

TOXICITY:

By manufacturer -
For operators - nontoxic; no silicosis hazarad.
Tor marine life - untoxie.
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TER!AL IDENTIFICATION: SuM-6

CHEMICAL--PHYSICAL PROPERTIES:
CHEMICAL COMPOS'TION: High purity talc.

SPECIFIC GRAVITY: 2.75.,

FLASH POINT: Does not burn.

ICC CLASS: Not reportad.

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.

AFPLICATION METHOD: Mix 1 1b/gal with water or sea water and spray on oil slick.

AVAILABILITY: Available.

USE "¥_ 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.
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MATERIAL IDENTIFICATION: SCi-7 {2z
i F
CHEMICAL--PHYSICAL PROPERTIES: 3
CHEMICAL COMPOSITION: Fullers eartk (attapwlgite). bg
SPECIFIC GRAVITY: 2.45, : 3
FLASH POINT: ot applicetile. s S
ICC CLASS: Clay, LOIED. ; 3
VISCOSITY: 3olid. i 3
MISCIBILITY: > isci:sle with all liguids. : E:
SOLVENT COMPATIBILITY. ot spplicable. ; 3
- SHELF LIFE: " nl:~ited. : %
COST: $.1.0C per ton 22 carload or iruckload lots, FOE Attepulgus, Ga, Locally availstle at ) :::
dealers' warehouses at a hig.er cost. . :;
. i E
DOSAGE RATE: Sy marufactursr - as required. X
*
APPLICATION METHOD: Iy manufacturer - not specified. Reaction tize - not repcrted,
.
s
- E
} 3
o
1 -
AVAILABILITY: In reguler producticn and aveilable on shert notice. E X
P9
!
H #
. 2
USE RECOMMENDATIONS AND LIMITATIONS: By manufacturer - ro use limitations or recormendatisns '
were reported. Zy others - Keystene Shipplrg fo., f =
Priledelphiez, regorts that it absorbs petroleun products
=3 and sinks, that it is difficult to apply to spills in E
winds exceeding 1S miies per hour, and thet it is effec- , z
tive for small spills on ship's denk, : 3
SPILL EXPERIENCE: 3y mar - ucturer - rot reported. Used primarily as an all-purpose mineral absertent. : B
By others - Keystone Shipping Co. » Priladelpnie, reports using 25 to 100 1 for ; 3
small snills. ‘ 3
4
EFFECTIVENESS: liot rercrted. i k|
: TOXICITY:
3 Zr zenwlactirer -
3 for operalers - no limit,
4 Jor merine life - no limit.
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MATERIAL IDENTIFICATION: SOX-8

CHEMICAL--PHYSICAL PROPERTIES:
CHEMICAL COMPOSITION: Chrysotile astestos - surface treated.

SPECIFIC GRAVITY: 2.4 {in solid form), rachege tul« density - 19.¢ pef.
FLASH POINT: iicne.

1CC CLASS: ilot regorted,

VISCOSITY: ot aprlicable.

MISCIBILITY: ot aprlizatle,

SOLVENT COMPATIBILITY: 5ot arriicatle,

SHELF LIFE: Infinite.

COST: 32.5 cents rer pound for minimm order of 1 ton. FOB King City, Celif. Packaged in LC-1b tags,
3-ply paper with polyethylene overwrap; size - 28 by 13 Ty 17 in,

DOSAGE RATE: 3y manwfacturer - & to 15% of the weisht of oil.

APPLICATION METHOD: Sy zenufacturer - apply by scocp around slic to contain and atsorb it or apply
ty tlowers to surface of oil to absort it, Agitate with tow wake or arrly
surfastant or alcochol %o drive oil into the astestos. Rexzove bty strairers,
sieving, skirxing, or turning. Igniticn and {laxe propagotion do not require
special chemicals or equipment. For sinking, use cne part sgent <o & parts
crude oil by weight, agitate vigor>usly. At 0% ugent ty weight of oil, ag-
Slemerate rexzains flcating. PReacticn tirne - instantaneous when contacting
fresh 0il surface, increases to several minutes through oil-water interface.

AVAILABILITY: Availatle rnatiomwide at 12 warehouse lotations. Flant and warehcuse inventories are
subiect to adjustment coemensurate with use requirements.

USE_RECOMMENDATIONS AND LIMITATIONS: &y zanu“acturer - recox=merded for open sea, tay, hartor,

) estuary, and shore for Bunker T, fresh and weathered
crudes, and distiilate fuels. o limits on temperature
or sea state, Should be applied prior to dispersants and
surfactants. iiot effective on emulsified oils. Uncon-
tacted material flcats on water surface. Intense agita-
tion will displace air filz and germit it %o sinx. Apply
offshore of teaches to intercept and agglomerate the oil.

SPILL EXPERIENCE: 3y manufacturer - no spiil experience to date - latoratory tests and a 1limited test
on the Buffalo River.

EFFECTIVENESS: Iy manufacturer - 1007 - high removal effected with use of surfactant scavenging of
agglcmerated cil. laterial is Iydrovhobic and clecorhilic.

TOXICITY:
Ty zanufacturer -

Tor operators - per 3ax "Cangerous prorerties of Industrial ifterials” 2nd 4., acute locesl, frritant
slight, inhalation mcderate: atute systemic none; chronic iocal irhalation hish;
chrome systemic urninewn, Inhalation per U. S. Department of la“ar - 2 x 1CF war-
ticles per cukiz foot of air mawimm permissitle.

For marine lifs - tasic mineral and surfactent sre inscluble.
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MATERIAL IDENTIFICATION:  SOM-9

- e

CHEMICAL-PHYSICAL PRGPERTIE_S_;
CHEMICAL rOMPOSITION: Astestos - surface trcated.

Tt e et b

SPECIFIC GRAVITY: 2,45,
FLASH POINT: None.
. ICC CLASS: Not reported,
VISCOSITY: Not spplicable.
MISCIBILITY:  Tone.
SOLVENT COMPATIBILITY. ot applicable.
SHELF LIFE: Infinite.

s trarder Liainiar

o

COST: Priced from 15 to 20 cents per pound depending on quantity, FOB King City, Calif.

N
(AN e

DGSAGE BATE: By menufacturer - 10 ¢0 15% of the weight of oil.

tu b beks eX S s

APPLICATION MSTHOD: For sigking, use one part agent to eight past

s crude oil by weight, agitate
vigorously. Recction time - instantaneous when cartacting fresh oil sur-
face, Incresses to seversal minutes with wealhered or emulgified oil.

AVAILABILITY: 100-ton inventory quantity; 30 tons/dey production rate possidlec upon 72-hr notice.

it WAE Khd Bk R KA Atk DL

Pr—

USE_RECOMMENDATIONS AND LIMITATIONS: By manufaccuver - recornended for open sea, bay, harbor,
estuary, and sheve for Suaker C, fresh and weathered

.
i . @

3 crudes, and distillste tuels. No 1limits on temperature
=3 Or sea state. Should be arplied prior to ¢ispersants
¥ and surfoctants. Kot effective on arulsifled oil. Un~
b ¥ contacted material 4111 float for a short time.

!

=
‘? SPILL EXPERISNCE: By manufacturer - no spill experience to date; lsberatory tests and limited field
3 tests have been -~onducted.

:

3 -

. x B

EEFECTIVENESS: By manufastwrer - 100%;

high remcval effected with use of surfactant scave
exglearated ofl.

nging of

wwr‘;/% z-’i‘le by

!

TUKICITY: By manufacturer - 2rsoluble; per Sex "Dargerous Properties of Irdustrial Materials,” 2na
ecdzion, scute iocal, feritant slight, inhalelion moderate; acute systemic none; chronie
lecal, izhalaiicn high; ehronic aystemic unkacwn. Tnkalavios per U. 3. Department of

Istor - 2 x 103 particles per cuoic foot of aly waxicum permissible,

.
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MATERIAL IDENTIFICATION: sCM-10

CHEMICAL--PHYSICAL PROPERTIES:
CHEMICAL COMPOSITION: Catlonic asbestos.

SPECIFIC GRAVITY: 2,45,
FLASH POINT: lione.

1£C CLASS: Hot reported.
VISCOSITY: liot applicable.
MISCIBILITY: [one.
SOLVENT COMPATIBILITY: Xot appiicatle, - .
SHELF LIFE: Infinite.

CUST: 7.0 cents per pound for orders of less than 1630 1b, FUB King City, Caiifornia. Packaged in
Lo-1b bags. Pallet weight 1600 1b. Available at slightly reduced rates for orders greater

than 1600 1b.
DOSAGE RATE: By manufacturer -~ 10 to 15% of the weight of oil. -

APPLICATION MSTHOD: =y manufacturer - add directly to the oil-contaminated waste water with encugh
agitation to assure adequate contact. The asbestos/oil agrlozerates can then
be removed by skimming, straining, or sedimentation.

AVAILABILITY: 1000-ton inventory at King City, California; 50 tons/day production rate possible wpon S
24-hr notice. L E

USE RECOMMENDATIONS AND LIMITATIONS: Ey zanufacturer - rccommended for open sea, bay, harbor,
estuary, and shore for Bunker C, fresh or weathered
crude, and distillate fuels., lio limits cn tesperature or
sea state. Should be applied prior to dispersant and
surfactants. Agglcrerated oil does not float.

SPiLL. EXPERIENCE: By menufacturer - no spill experience to date. Iaboratory tests and limited field
«w:gts have heen conducted.

EFFECTIVENESS: sarafacturer - 1003 - instantaneous reaction vhen centacting fresh cil surface,
lr reases 1o several minutes through oil-water interfaca.
/

TOXICITY: By monufacturer - fir operaters - per Sar "hangercus Freperties of Industrial #aterials,™
74 editica, acute local, irritant slig t, inhalation ocderate; acute systemic nane;
chronic local, inhalation high; chrinia systesic unknows. Inhslation per U. S. Tepartment
of Labor - 2 X 10~ particles per tubic foot of afr zaximm permissible.
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MATERIAL IDENTIFICATION: S0i-11

CHEMICAL-PHYSICAL PROPERTIES:
CHEMICAL COMPOSITION: lydrated masnesium aluminum siltcate.

SPECIFIC GRAVITY: Eulk density - 27 to 33 Tof,

FLASH POINY: llone. 2T
1CC CLASS: liot reported,

VISCOSITY: Hot applicable (dry granular product).

MISCIBILITY: Insoluble.

SOLVENT COMPAT°ILITY: Inert and insoluole.

SHELF LIFE: lio .imit,

COST: $50 per ton in truckload lots, $33.25 to $37.25 per ton in carload lots- {60,000 1b), -FCB Meigs,
- Georgia. .=

DOSAGE RATE: By manufacturer - 1:1 o 1:3 sgent to oil by weight. )

APPLICATION METHOD: By manufacturer - apply by dusters. HNo sgitation required. After absorption
is complete, mixture of clay and oil on water will sink on slignt agitation
or addition of surfectant. For beach cleaning, sprinkle on begch to abtsord

deposited oil; rezove and eispose of oil-sosked clay. Reaction tize - not
reported.

AVAILABILITY: Inventory - 500 tons at ¥eigs, Georcia. Production of 1C tons/hr possible at tleigs.
Availsble in different mesh sizes.

USE_RECOMMENDATIONS AND LIMITATIONS: By manufacturer - recormended for open sea, bay, harbor,
estuary, and shore for use on Bunker C, fresh and
weathered crudes, and distillste fuels, as a sorbent,
sinking agent, and beuch cleaner. Stable under all
temperature conditions foristorage.

SPILL EXPERIENCE: By manufacturer - laboratory tests have been perfernmed. Ho spill expariencs
reported.

EFFECTIVENESS: 2y canufacturer - one part of agent by weight will sbsort 1 to 3 parts of oil.

TOXICITY:

2y mamufacturer -
Ior operaiors - completely nontoxic and nenhazardous.
“er marine 1ife . aoatoxie.
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MATERIAL IDENTIFICATION: SOM-12 . 3
St i ChEMICAL-FHYSICAL PROPEATIES: g
e CHEMICAL CGRMPCSITION: Naturally occurring montmorillonite and palygorskite. *3:’

s . §

= SPECIFIC GRAVITY: Bulk density - 27 to LO pef. )

= FLASH POT: Fone. . 3

o KC CLASS: Not reported. 3

it VISCOMTY: Not applicable (dry gramular product). Tl

<_' MSTIBILITY: Insoluble. . I

== SOLVENT COMPATIBILITY: Good. 3

% 3 SHELF LIFE: No Mmit. i

COST: Not reported. (Estimated $20 per ton.) T

\

W A ik 2

DOSAGE RATE: By manufacturer - 1:1 to 1:3 agent to oil by weight,

APPLICATION METHOD: By manufacturer - apply by dusters. No agitation required. After absorption
is complete, mixture of clay and oil on wat-r will sink oa slight agitation

[

or addition of surfactant. For beach cleaniig, sprinkle on beach to absord Ty
deposited oil; remove and dispose of oil-suaked clay. Reaction time - not -
5 reported. -l
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AVAILABILITY: Inventory - 500 tons at Meigs, Georgia. Production of 10 tons/hr possible at Meigs.
Avallable in different mesh sizes.

7
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USE RECOMMENDATIONS AND LIMITATIONS: By marmfacturer - recomeerded for open sea, oay, harbor,
estuary, and shore for use on Bunker C, frech and
weathered crudes, and distillate fuels, as a sorbent,
sinidng agent, and beach cleaner. Stable under all
temperature conditions for storage.

SPILL EXPERIENCE: By msmufacturer - laboratory tests have been performed. No spill experience
reported.

EFFECTIVENESS: By manufacturer - one part of agent by weight will sbsorb 1 t> 3 parts of oil. -

'
i

TOXICITY:
By manufacturer -~

For opiratcrs - completely nontexic and nonhazardous.
For marine life ~ asntoxic.
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MATERIAL IDENTIFICATION: SO:-13

CHEMICAL--PHYSICAL PROPERTIES:
CHEMICAL COMPOSITION: Carbonized, chemically coated sand.

SPECIFIC GRAVITY: 2.£0; bulk density 1.468 g/lec.
FLASH POINT: lione. ¥ill not ignite.

1CC CLASS: Chemical 1i0I.

VISCOSITY: Dry solids.

MISCIBILITY: Hydroplobic,

SOLVENT COMPATIBILITY: iiot apolicable.

SHELF LIFE: Tndefinite.

COST: 3y manufacturer - $3.75 per 100 1b, or 375 to $80 per ton.

DOSAGE_RATE: By manufacturer - 2 to 3 parts of agent to 1 part of oil for all types of oil.

APPLICATION METHOD: By manufacturer - varisble pressure apparatus; for example, for thin oil films
a near 2orc velocity application such as dusting gives better results, wher2as
for thicker layers a higher velocity spplication from an air hose or sand-
blaster apparatus secms to be more suitable.

AVAILABILITY: ¥l be available by Jan i, 1971.

USE_RECOMMENDATIONS AND LIMITATIONS: By manufacturer - material will sink all types of oil in

fresh or salt water. It is more efficient, however,

in sinking the more viscous oils such as crude and
bunker.

SPILL EXPERIENCE: Yo large spill experience to date.

EFFECTIVENESS: By manutacturer - 100% effective in sinking and holding oil when spplied properly.
Material which does not contact visible oil is wasted.

TOXICITY: liontoxic.
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MATERIAL IDENTIFICATION: soM-1L

CHEMICAL-PHYSICAL PROPERTIES:
CHEMICAL COMPOSITION: Tly ash treated with chiorosilane residue, then neutralized.

SPECIFIC GRAVITY: Bulk density: 0.9 g/ecc.
FLASH POINT: Not applicable.

1CC CLASS: Kone,

VISCOSITY: Not applicable,

MISCIBILITY: Not spplicable.

SOLVENT COMPATIBILITY: Not applicable.
SHELF LIFE: Unldmited.

COST: Kot reported. (Estimated‘$100 per tcn.)
DOSAGE RATE: 1:0.5 to 1:0.9 ugent to oil by weight.

APPLICATION METHOD: Any method that will apply the material dry.

AVAILABILITY: Unlimited with pilot plant for surface itreatment.

USE RECOMMENDATIONS AND LIMITATIONS: No limitations.

SPILL EXPERIENCE: Not reported.

EFFECTIVENESS: Not reported.

TOXICITY: Uaknown.
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MATERIAL IDENTIFICATION: s0:-15

CHEMICAL--PHYSICAL PROPERTIES:
CHEMICAL COMPOSITION: Fly ash treated with Dow Corning 120g Silane, then neutralized.

SPECIFIC GRAVITY: 3ulk density: 0.83 g/cc.
FLASH POINT: Mot applicable.

ICC CLASS: ilone.

VISCOSITY: iiot applicable.

MISCIBILITY: Yot applicable.

SOLVENT COMPAYIBILITY: Jot applicable.
SHELF LIFE: Unlimited.

COST: Mot reported. (Estirated $100 per ton.)
DOSAGE RATE: Approximately 1:0.5 agent to oil by weight.

APPLICATION METHOD: Any method that wili apply the material dry.

AVAILABILITY: Unlimjted with pilet plant for surface treatment.

USE_RECOMMENDATIONS AND LIMITATIONS: No limitation.

SPILL _EXPERIENCE: Hone.

EFFECTIVENESS: ot renorted.

TOXICITY: Unimown.




MATERIA’. IDENT '~ 'CATION: SOiZ-16

CHEMIC % .- "HYSICAL PROPERTIES: < A
CHIsi 5L COMFOSITION: Sand treated with Dow Corning 120g Silane, then neutralized. S

SPECIFIC GRAVITY: Bulk density: 1.L€ g/ecc. ’ :
FLASH POINT: Hot applicable.

ICC CLASS: INone.

VISCOSITY: fiot appiicable,

MISCIBILN .. Not applicable.

SOLVENT COMPATIBILITY: liot applicable, .
SHELF LIFE: Unismited.

COST: lot rcrorted. (Estimated $75 per ton.) o

DTSAGE RATE: Approximately 1:0.5 agent to ofl by wefght. s

L N R I

o e

SEPLCSION METHOD: Any tethod that will apply the rmaterial dry. T

)

AVAILABILITY: Unlimited with pilot plant for surf.se tyeatment.

USE_RECOMMENDATIONS AND LIMITATIONS: No limitations.

SPILL EXPERIENCE: Kot reported.

EFFECTIVENESS: Iot reported.

TOXICITY: Unknown.
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MATERIAL IDENTIFICATION: SOM-1T

CHEMICAL-PHYSICAL PROPERTIES:

CHEMICAL CONPOSITION: Caotvent byproduct, major ingredients
510, (13.41%) and Ca0 (51.3%).

SPECIFIC GRAVITY: Bulk deusify: S50 vef

FLASH POIMT: Not applicable,

1CC CLASS: None.

VISCOSITY: Not applicabl:.

MISCIdn.iTy: Not applicable.

SOLVELY “CMOATIBILYY:  Not applicabla.

SHELF LIFE: .* ienst L yr in steel siio.

COST: Not repo-ted. (Eatimated $100 per ton.)
DUSAGE RATE: Not reported.

APPLICATION METHOD: Any method that will apply the material dry.

AVAILABILITY: Unlimited.

USE_RECOMMENDATIONS AND LIMITATIONS: No limitations.

SPLL EXPERIENCE: Used in small moat contaminated with diesel fuel with good results.
Twelve mallard ducks and a moorhen heavily coated with diesel fuel
were cleaned using the dry material to remove oil from feathers.
Results were excellent.

EFFECTIVENESS: Not reported.

":l’OXIClT“': Rontoxic.
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MATERIAL IDENTIFICATION: sa-18

CHEMICAL—-PHYSICAL FROPERTIES:

CHEMICAL COMPOSITION: ajor ingredient - kaolinite; remainder - amorphous silica (veta-
crystobalite).

SPECIFIC GRAVITY: Mot reportad.

FLASH POINT: ot applicable.

ICC CLASS: Crude clay.

VISCOSITY: Not applicable.

MISCIBILITY: Insoluble in water.

SOLVENT COMPATIBILITY: Not applicable.

SHELF LIFf: Unlimited.

COST: $58 per ton, 50-1b bags, FOB Sccorro, New Mexico.

APPLICATION METHOD: By manufacturer - apply by any method that will uniformly spread the matericl
on the surface of the floating oil. A methcd 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 - cecommended for open sea, bay, harbor,
estuary, and shore on Bunker C, fresh and weathered
crudes, and distillate fuels, under any conditZlons of

temperature and sea state. Store to protect bags from
rain.

SPILL EXPERIENCE: By manufacturer - successfully tested by Union 0il on Santa Barbara 03l slick in
May 1969.

EFFECTIVENESS: By manmufacturer - observations during bioassay test for manufacturer indicate that at
2.5:1 and 4:1 dosages (agent to oil by weight), most oil settled. Some floating

0%l remained. At 6:1 and 8:1, nearly ail oil settled; however, some oil returned
to the surface.

TOXICITY:
By maufacturer -
For operators - no limit, nontoxic.
For marine life - nontoxic.
By others -
Cook Resesrch Laboratories, Inc., work indicates:

a. Up to b g of SOM-18 per liter of water produced 1U0% survival of (Fundulus) fish using standard
methods and FWPCA interim toxicity procedures.

b. Tests with SOM-18 and oils (#2 fuel oil, #5 fuel vil, West Texas crude, and Santa Barbara
Channel crude) indicated at least 80% sorvival of fundulys in 2k-, 48-, and 96-hr standard
methods and FWPCA interim toxicity procedures tests.

Tests performed by Pacific Engineering Laboratorv for the mamufacturer indicate 1D50 using standard
methods and FWPCA tests vere inconclusive. It was stated that neither SOM-18 alone nor with oil
indicated a Ligh degree of toxicity.
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MATERIAL IDENTIFICATION: SOM-19

CHEMICAL—-PHYSICAL PROPERTIES:

CHEMICAL COMPOSITION: 8102 rurticles rendered olevphilic with proprictary treatment.

SPECIFIC GRAVITY: 2,65,

FLASH POINT: Does not burn and will extinguish fire.
ICC CLASS:

VISCOSITY:

MISCISILITY: Iasoluble in water.

SOLVENT COMPATIBILITY:

SHELF LIFE: Indefinite.

COST: FOB plant, approximately $0:0179 per 1b in 100-1b bags palletized and loaded in

railrosd boxcars. FOB Baltimore, Md., epproximetely $0.0227 per 1b in 50-ton
lots. .

DOSAGE RATE: varies betwesn.1:1 to 4.7:1 parts adsorbent to ofl by volume derending

upon rate of application, application method, type of ofl, and temperatures.

APPLICATION METHOD:

through & system of tubes is recommended. Materisl may also be
&pplied via a sieve or direct pour.

AVAILABILITY: 100,000-1b carloads available from receipt of order. Small quantities
availsble immediately.

USE_RECOMMENDATIONS AND L!MITATIONS3 Recormended 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: The material is 95 to 100% effective on light and mediun-viscosity oilc.

Reaoval {s immediate. Opn very heavy oils, removal takes zore time and
repeated application may be necessary.

TOXICITY: XNo known toxicity.

For most effective removal, slow continusus feeding of the oil slick
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MATERIAL {DENTIFICATION: SOM-20

CHEMICAL-PHYSICAL PROPERTIES:
CHEMICAL COMPOSITION: 8102 particles with proprietary treatment including water.

SPECIFIC GRAVITY: 2.65.

FLASH POINT: Does not dburn and vill extinguish fire.

ICC CLASS:

VISCOSITY: Approximately 60 to 80 seconds in H 0 slurry tested on #4 Ford Cup at T2 F.
MISCIBILITY: Insoluble in water.

SOLVENT COMPATISILITY: Not applicable.

SHELF LIFE: Indefinite.

COST: FOB plant, spproximately $0.0179 per 1b in 100-1b bags palletized and loaded in
railroad boxcars. Railroad boxcars have 50-ton minimum freight charge. FOB
Baltimore, Md., approximately $0.0227 per 1b in SO-ton lots. )

DOSAGE RATE: vVaries between 1.4:1 to 4.5:1 parts slurry 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 1 part water to U parts

S0M-20 and mix until pastelike consistency obtained. Spray
slurry onto oil slick.

AVAILABILITY: Plant presently available for production.

USE_RECOMMENDATIONS AND LIMITATIONS: This aaterial is most ideslly suited for use in conjunction
with the menufacturer's Sub-surface Recovery System. The
material enables oil to be transformed from a slick floating
on the surface tc balis of oil coated with sn encapsulating
blenket of white sand particies. The blanket of sand around
each hall of oil not only contains the o0il but increases the
weight sufficiently to allow gravity to pull the oil into a
subsurface containment kin or to the bottom of the ocean.

SFILL _EXPERIENCE: Laboratory models only.

EFFECTIVENESS: The slurry system is more effective vith heavy oils than light ofls. It is also
more effective on thick layers of oil than on extremely thin layers of oil.

TOXICITY: XNo known toxicity.




MATERIAL IDENTIFICATION: SOM-21

CHEMICAL-PHYSICAL PROPERTIES:
CHEMICAL - COMPOSITION: Sw2 particles rendered olecphilic i:y proprietary treatment,
SPECIFIC GRAVITY: 2.65.
FLASH POINT: Does not burn and will extinguish fire.
ICC CLASS:
VISCOSITY: Not spplicadble.
MISCIBILITY: Insoluble in water.

SOLVENT COMPATIBILITY: Not sapplicable.
SHELF LIFE: Not definite.

. COST: FOB plant, spproximately $0.02 per 1b in 100-1b bags palletized and loaded in railroad
boxears. Railroad boxcars have 50-ton minimum freight charge.

DOSAGE RATE: Dosage varies between 1:1 to 5:1 parts sdsorbent to oil by volume depending upon
N rate of spplication, application method, types of oil, and teaperature.

APPLICATION METHOD: For most effective removal, slovw continuous feeding of the oil slick
. . through a system of tubes is recommended. Material ‘may also be spplied
. . . via a sieve or direct pour.

4

AVAILABILITY: 100,000-1b cerloads available 2 weeks from receipt of order. Smell quantities
oo available irmediately.

USE RECOMMENDATIONS AND LIMITATIONS: Recommended for removal of oil from the sea by sinking
_ - or for removal of oil from harbors, bays, and open
B sea in conjunction with the manufacturer's Sub-surface
o : Recovery System.

SPILL EXPERIENCE: laboratory models only.

EFFECTIVENESS: Naterial is 95 to 100% effective on light and medium-viscosity oils. Removal is

is immediate. On very heavy oils, removal takes more time and repeated appli-
T _cations may be necessary. .

TOXICITY: ¥o known toxicity.
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MATERIAL IDENTIFICATION: s0M-22

CHEMICAL-PHYSICAL PROPERTIES: R
CHEMICAL TOMPOSITION: 8102 particles rendered oleophilic by rroprietary t‘reatnent.

SPECIFIC GRAVITY: 2,65,

FLASH POMT: Does not burn and will suffocate fire.
ICC CLASS:

VISCOMITY: Xot applicable.

MISCIILITY: Insoluble in vater.

SOLVENY COMPATIBILITY: Not applicable.

SHELF 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 application, applicstion method, type of oil, and temperature.

APPLICATION METHOD: For most effective Temoval, slow continucus feeding of the ofl slick

through & system of tubes is recommended. Material my aisc be
spplied vie s siew or direct pour.

AVAILABILITY: At the present time this material is availsble on an sxperimental basis only.

USE RECOMMENDATIONS AND LIMITATIONS: Recommended for removal of oil from the sea by

sinking or for removal of oil from harbdors,
bays, and open sea in conjunction with the
manufacturer's Sub-surface Recovery System.

SPILL EXPERIENCE: laborstory models only.

EFFECVIVENESS: Material is 95 to 100§ effective on light and medium-viscosity oils.

Resoval ix {mmediate. On very heavy ofils, Temoval takes more time
and repeated applications may be necesgsary.

TOXICITY: No known toxicity.
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MATERIAL IDENTIFICATION: SON-23

CHEMICAL-PHYSICAL PROPERTIES:
CHEMICAL COMPOSITION: S!O2 particles rendered oleovhilic by proprietary treatment.

. Yoehy A
NN T

SPECIFIC GRAVITY: 2.60.

FLASH POINT: Dees not burn and will extinguish fire.
ICC CLASS:

VISCOSITY: Not-applicable.

MISCIBILITY: Insoluble in water.

SOLVENT COMPATIBILITY: Not applicable.

SHELF L{FE: Indefinite.

Cu

\ .

.

COST: FOB plant, approximately $0.0279 per 1b in 100-1b bags palletized and loaded in
railroad boxcars.

. .
R PP PR N I A T L Y L WPAITE XS A

DOSAGE RAYE: Dosage varies between 0.8:1 to 3:1 parts adsorbent to oil by volume
depending upon rate of spplication, application method, type of
oil, and tempercture.

(APPLICATION METHOD: For most effective removal, slov continaous feeding of the

0il slick through a system of tubes is recommended. Material
may also be applied via & sieve or direct pour.

TSR TIT IR IRS [ R Ts

AVAILABILITY: This material has never been produced commercially but large production
plant exists.
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USE RECOMMENDATIONS AND L‘"‘TA‘"ONSE Recommended for removil of oil from the sea

by sinking or for rem=oval of oil from har-
bors, bays, and open ges by the manuracturer's
Sub-surface Recovery System
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SPILL EXPERIENCE: Leborstory models only.
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EFFECTIVENESS: uaterisl s 95 to 100% effective on 1ight and medfum-vissosity cils. Re-
moval is irmedfate. On very heavy cilz, removal takes more time and
Tepested application zay te necessary.
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TOXICITY: No knowvn toxicity. C T
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SM-20, treated
Magnified

treated chalk.

SOM-2,

SM-23, treated sand; bottom left:
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SOM-5, treated talc, x100

Photo F18.

»
a
e
L
-]
=

produced from
st aval

Re,
be

P . e —  m——————————— “ Ve e e o

1

N gl
iy ?.%ws“s,



sk v 14 s end by O

\ o

s & bl woa

L lra o

A AL

wr-?
e

13

- . U

o A BT Y A
A

G s )

T

I L L]

Photo F19. SOM-6, untreated tale, x100

T L R T A




w3

G BBy e PETHOT

3 PN GRANI TS, 13 E R ” - =
Jn NG AR ey %?.E.Q%“?.Rr\. lJ}j,;\, Y S T e

. o p R TG e TG yow s
. b ) d i : 0 TR AT PG POy R WG BN T B L . ™ o
e , } “. N . o . i A / e w\a "y T AP e ;;wnﬂ T T L% e R S
" . ) “ i > <
' v ~ g [ PR
. , N ) [ ' [ '
— ——— e . — . - .n P A
- L] I .

%100

treated asbestos,
¥20

s

SOM-8

Photo F20.

x
Aty
g %,



w—
e m‘aii.e:ii,.‘ WD oM A b AT 4Tk b o Todurg T A PR P e AR TN RN B O . CNET RPN TRV T Woven P T TR R R e S T T T
[ (N , ‘¥ RN o M
’ ' . . ' [
e ; ; il O L
i

RIS

est available copy.

‘ geproduced from

-~

o

»
2

B EEL S
=%
-

25,

SOM-9, treated asbestos, %100
F21

Photo F21.




o e

ot

T, . TR,
ko

3
S s
el

e wwe atndad !

B

bestos, x1.00

ionic as

s

Fe2

SO0M-10, cat

Photo F22,




R N
Wty

TGS L

1. TSR T
A S
: Pk

e -= oy

-y

yproduct, %100

Enc ey

cement b

="

SOM-1T7,

e . ek T s

grenrerrrpencr s

Photo F23.

oF
i
i 8
t
bl
H
'
¥
- -
2
»
#
N,
4
N
;ﬂﬁ ‘
b o
il b
" AT ke . Mot

e ; , ,




¥
0\

“ ...’.‘-‘n- v*“- ’
X LT PO I 2T

Photo F2h.

B

-~

5

82 B ivs

R

S0M-18, kaolinite clay, X100

R

e

N

s

ST U Ye 161 b e bony s SR

L fear

rERTEN

Lt

wh o s

Bty v b sl e

A w7

'
RN

N I

ot

'

L ¥ e Yamdner o

W -

ARy

I

- but

R UNT

L b o e g

1

'

R
_3
3
F
3
)

i

!

I

W % b 2o,

N

FRE



oy T TR O AA R AR R SRR
i 1 i

CIa

Ty

g

TN

.

CNIETYarTI:
B

=

o Lo .

x:“}«.qﬁa,\va: T T
!

. \ : B

Ve
s

ek

A

SPECTRA OF OILS USED

AFPENDIX G

/




R

AT e s R e e ey .

YRR yiaNe
BT T e T e
, ,. .

RN ¥ DTE ey T s ey
o I LA
, 3 ¢ , N TR

ORI

P
-

' B

YIWOIONI0NID 08

QRVEIN
rm——————— = ¢« g, N

L TTHET 0N
ettt s 4% ¥ 88 s k
S YNy , ,:

nn v % A m— e yam

N T Shvne
PIATRSET W NOUYENLD>
R N 0%
ST N e : .

pres WU
~ XIS TR 15110¢
TR RNt e
T WS s ;
TN WL , Q
' i . ' 1
; FHOUW I LONTHAYM . o
" 1] "t €t &8 H ol [} [ ] & 1 1 1 [ 4 [ 4 (11
e reeyers et aegen e e e eye s -y — . g e re oo s o 1o e oy g e
L T - S S N il LN
SRS ULENN NP I P I PR NN Y oY NN S SN (NP S AP - 1. : ; L
Y T N - o - — e —] 01
- BT TR L IR TN SR IRT N — wmrme s 0o - et d § ornren o Qs v B 5 oan eimd vom wml mar =f sces ey - - Swmesmes wf sx - e b ne smp 3 b . - wepmsy nnnd
Rl IR i B e VY
- - N . . L N .’ g » M g
3 P . M P RaS 3 ] ¢ 1]
;s RN S0 Y - F el IR EES S o e L e et IUNEEE [ERE el
DSl RIS STH i — o i *
iz 1 L ol N o demd o T — UURDR RO D X & I Vo
: PR W) B * o
LR 5 X MUY SN D S S SN A, b S SOV 9 3 N N RN B .. P N | O R g
b3 T . -
; o Y
. - P01 S N Y TR PO (NGNS SN FRUON I FUY J Y ORI SRR P . e e Y | Y T , .
3 . 0] - E
- : o L or
- e A N . - o o
15 o ( T I Ui - » o W . garnofoffatda. - Y . . . . ,v . o)
s ey B N e ‘ o : ’ o
L".ml..ﬂ — S J RO I 3 THE® B IS .« . . g . 4. Rt N VORI . . i . . . . by
- ———]0e y i A )
1 w01 e 2 o1 R
ved o Rene o m. [ T I B s ralvl o0 by o R, |

2=

)0t 001 004 0ot ooni  00%1 0002 o one 00% o0 i
W) INWONIAY M s
. AN SRhetTE Wit 100 L) BRI WP NG M9 OW AIT0) AP GNP ABH Wine




O R L T S T e L L LA B A GO ST AT
J .
!

W g
ool : PR

P
R

AR ey TRy

g TR R SRR AT e e T ¥ T A T T T T L R RN T U O DR e
e e S L e PR DR T ,f?_,qwm.;:::. T T e AT T P s TR 7
A

[ .

~ ' , .

et v s 6+ s aen .
A - » - L
BIINOIONIVI NN
} o v, . . .
)
! SWINDeH .
o ‘ ' NATYNY ‘ i
* ! . ! : .
IS, - A !
; oy .
. - LIRS .“«41 )
‘ NAITIVAT I " NOUVEING TN *
I T O TSR :
- AT n .-..c-
H M
, ; 4 ¢
T e
: A WYy
,.IN...:C«:& e e
o gt .
Ve o o B s 0 i
W] 1Y PEVIRLRT Witee .
DTN Ry ve ) '
H cﬂml?.!‘.wba . ! ' o
d NN M HIDNIAYS 1N
" A1) | " n H] " o A [ ] 3 L] 1 [} [4 [} v
1 . . ' L
o ' . . JRu— P .- [ PR D 0 eyt ._ . ~— ..._.Mge
FUR) S? S . A B B s b
LY - B Taliee & - o . — NI SUNIURES ¥ P9
A - : Ll
w o dowe o oy e v bofugoso o f g
. 1 1 ﬂ
_ ) o .. b 1. , } o
L. 4 - Ll daad ot H ] Qv smfegerpce o o
. i .
.4 P [ 4 vidredr ¢+ o v s v o 00
o —erd B3 e rei g aem Y | TS " WEURPEIN N
» : i - " VR PN | (0 SR S P
3, ] e
Qo - - -t o |T....!c B e L 'R , e
‘e [N .
~ gy -, (7] word gt \gemon e oty w one: -
H ’ m \c
K% 4 [y i, P R 2 . [y [ =~ [oeebagpimeny SUSPIBPICIRY B
H ] i
RN FROTS ! vayac H } } S SU . } 14,! o1 — ORI NP FR R
vrllb v e i bbb e b bendiearnnbbarddundim el bbbt e Ll o de b [ T [ R L N L
e e N, N e LN ANT XN e oo 0008 oose oo 0000

LARITLALZA A

B BN M AR TN AALYANE AIRIIN SR u TRl Gl MUY eEse N Win e Bh o e wheves




e :.,,“ FONN e K Vb b n B K [ IR ar e RO LT 83 8y T e

v , ) ' LTI e 4, ' KT~ v o B

ey ' ! . ' e , , . e C
ﬂ , o ' e e -
b ; . RN , . o o
s
¢ gt
L
ww‘,f.
.ﬂ%?,
[N
WRINOLICHIONIONE
.

TR R ™ waian R

~ﬂ :o“ vRISINOT Wy 'oN
TS AT s
YT Er LYo
l!.....lxl.-n = ON WINLOWS (12}
SNOEIW NI HIONIHAYAY S,

'3 ’ 1 1] [4 [ 4 ¥t

” 11} L4 € & " o ¢ ¢

PR . - . g o C e im Tt 1 c el -
° — . b1 - M 1L [ " M H —l 1 h!m ol .
- ? T . * T L T ™=
P ke I2 22t SN ¥ - 1 e <o . ¥ IETH 4 . HE ) .._ . N ! . mm

4 . . ' i
ol . + b e ’ e wmedeed O
. - - !
- . N - .. . . . e [ T e .. . . . I : [
o I B ; ; ; 1 . .
* . . L > } i Al
PP PR 4 Y . . ¥ PR B PR BT IET T DTN B . . .Tw.._.:_. . b v e . v
; . P 1 4 L
o - - + v o
. . : , i1 3 [
SURPNS U P SETT TR . I O Y e Y N 1T Vbl . i ' ‘ .
N RE * ’ ,
or | o . 2 [
SR PO P e N « e geobennds LR N P ST . .o . .

e

i
i
.
3
.
.
L
)
S

G
i

bl

'A.
T
| B
I

F
.
1

2
"y

7z
2

UL ()
-] [ 1]

2 SNWINIAYM
THA Tousnns HRINTL B0 SRl B1VID SYL BN IR 8IS SROPIPNN RIOD




I

I

K]

VILIWOIOHIONIDIdS

CIIvEIN
e s v

suewoag
{‘."nl

s T T LAY
B e e L T T —,

w—CLINHOD
TTTTRTTRAR T ke
\PIRTISTA VY NOVIINIINGD
S m————l TTTTININOS
L LBIET  TRI v

l..ll..llﬂl.CM“ll FLT e 153
L

—— it st . o

nla a—ﬂu ERCER I &Lt
—BrURvEr T uvd
I~ ON whRIdWS

'

SNCINW NI HIONIIAYM
" 1] L] 1} 1] un 0l L] L} < ® 1

LX3

o8

bt erdmrectonttorcdunndboondoo oo sdoe Ul de 1l v il bl 1 PO B |
0001 oot ALl 00t oork  00f1 0002 w0t

S BHIWOMNIAYM

THS TN ) Mg e 1y YA WERIDH 10 B (10D 1ATIA PRRIESH B e

LLLEXTRY)

Gh




o L I e T e B A S Eia i
I ;

5
3

- . - m—
R T T . T CarETy AR R e e T

WO SOPIORI SRR,

I oA |

£ AN

WIUINOLOHIONIDNIS

T IS ITYNY:

POTIDE R —— Y

i . = e e s

R
J
i
3

%
%
G5

SNOUIW 1 HIONTISAYA
Z

1] & 1] o L] ’ * s ¢ A4 ¢ 111

b4
2
-

,_. -. .-..il:.;. ,,,!.,I!,-!..... ;,-..;. ,...!...:! ,l... . .
.,,_mww, ofe
& ! . 54
EA
')
; o ! . o
1 : L - [ i i I
: : T i HE (- . S
= v o . o
5 1. .. L3 1 Vi I b s 1}
. it H TE I iE oy M
N . . . ’ HH ; } N
= 1 - M. o P T o
Yirg shoteil: Loy VT L
- ifist i Py ot
r { o , 4+ o
G2 1 81 0T A - ARES
T i i i L H .
' I O 2 iy u & I v ] o
b B, T “ETEIT R
; e . - } : ; o
L N IR . i (1]
T N D 555 AN EEE N T o 6
R SE N hat XY EorE R RS RD ) - !
0 RN T B M BN ERE T 1 N L
P . : : ] } L{.
- H IR | { ki
wibogdar et hvdundaindnalhaumibag H 8.i REERRARFIEN " ;.TE!
] 004 0001 o0 (4] "] [ ] 000y

TUR TOniev) WOHITAY I8 TINISRES WU B} B WD S0 SUINNIN NET:




B Lo Ane b n TIGET I T

T N A O T 0
¢ .
¢ [ “
N W e o ——————— S n——— o o [N D [A—

UIINOION4ONIINS
anvere .
p——
[UuBuNO g :
T ATYNY

B T Y S ——

1Y B A . R "
M AL ™ 17 n,w - [ ] -
. . PR S ELd 11 :
Vo ke N Al o
J S RN SR - "
. M T
. . (% S5 2R 3 -
Y % B3 M 13 o« T R
N - .t MK T o [
Cd G . . o Sratd PREE T THEE T
3 . B . I~ I S - }
o« " T 1 Ty o 5k Bl «
A IS S - i | :
Ty - N BT s i, .
. A +HHor - 2
p . N : :

“ ] 2 I ]
S YR T T OO A3 PO 11§ O 2 2 IRIE 2% 5 S SR R
aatdbade b boshbedondonslntien 1t .:.“o__:::__....ﬂ..“ bl bl s Tl L o




L LYY

WA HOMIIRG WY TAART MO 1508 Il oMVt 03¢, NP O CALROBS ¥ 3 4

WAYEHUMMA T’

i N
: Jrd st ol
b

=

=f :

200
(%1

Yy

O

18

W

£ 1]

"

1300

1320
AT TAT]

00
A

81

1500
F

(UMM
+

1

T
1)
1

2000
it

2000

T

L]

1—f-
i

.

i

onerd

PP P PO PR
i

.l

H
- -

1

b taditind. ..

13 14 1] 14

172

10

?

WAYHENGTH IN MICRONS

23

received

Between Natl

- e

2

scteum no. TR
" 11 1971
F 1oAY 100 A 7Y

CONCINTRATION.

PHASL

DA
Samet

{

source
STRUCTURE

COMMINTS e e e

e ¢ ———— o m— o ot

RITAN .} P,

- Beckman®

EEEn e e,

-
-
=
-
2
o
-
o
x
a
o
-
-
g‘)
-
s

o R
‘?ﬁ"’?ﬁ%ﬁ =

P

VR T

I




