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FO?.EWORD 

This in-restigation vas authl'\l"ized by DD Form 446, dated 25 June 

1970 and 15 O:t.)ber lS'71, l.urR No. Z-70099-O-00583, from Commandant 

(FSP-l), U. S. Coast Juard. 

The stu~ vas conducted at the U. S. A:rrrry Engineer Waterways Ex­

perl~nt Statj on (WES) under the direction of f.1efisrs. B. Mather, J. M. 

Polatty, V. D. l~gerton, and L. Pep?er. Messrs. B. J. Houst.on and R. W. 

Crisp served as ?roject leaders 4'or portions of the test program. This 

report vas prepared b'- Messrs. B. J. Houston, E. C. Roshore, and V. D. 

Edgerton. Mr. I.e::> Tobias, Office, Chief of Engineers, served as liaison 

be:tveen the U. S. Coast Guard and tht' WES. !::dr William E. Lehr, Chief, 

Pollut~on Cont~ol Br~,ch, Office of R&D, U. S. Coast Guard, vas the 

project cfficer and vas assisted by ).fr. William C. McKay. 

COL Ernest D. Peixottc, CE, ~ :::>irector of the Waterways Experi­

ment Station during the conduct of this study. Mr. F. R. Brown vas 

Technical Director. 

iii 

j 
-< 

--



CONTENTS 

FOP.EWORD. • • • • • 

COIf11RSION FAC'l'ORS, BRITISH TO METRIC UNITS OF MEASUREMENT. 

SUMMARY • 

GLOSSARY. 

PART I: INTRODUCTION 

Background. • • • • 
Purpose . • • • • • •• 
Scope • • • • • • • 
P~vious Work. 

PART II: IDENTIFICATION OF MATERIALS 

Oil Sinking Materials • • • • • • • 
Oils. • • • • • • • • • • • • • 

PART III: PRELTI.fiNARY ASSESsr-iENT OF OIL SINKING WtTERIALS. 

Availabili ty and Cost • • 
Hazards • • • • • • • • • 
Difficulty of Application 
Preliminary Classifi cation. 

PART IV: TESTS OF OIL SINKING MATERIALS. 

Optimum ~il Retenticn Potential 
Sinking Efficiency ••••••••••• 
Dynamic Retention Capability ••• 

PART V: COl.fl'ARISOllS BASED ON TEST RESULTS •• 

Tests of All 23 Materials • 
Tests of Selected Materials Only. • • 
Clas!:ification of !-iaterj als • • • • • 

PART VI: FINAL ASSESSMENT OF SINKING AGENTS. 

Sinking Agents for Oil 1. 
Sinking Agents for Oils 2 and 3 
Sinking Agents for Oil 4. 
Sinking Agents for Oil 6. 
Sinking Agents for Oil 7. . . . . . 

Preceding page blank v 

-

. . . . . · · 
· · 

. . · · 

· 
· . . 
· . . 

Page 

iii 

vii 

ix 

xi 

1 

1 
2 
2 
2 

-
6 

8 
9 

10 
11 

12 

12 
14 
17 
19 

19 
19 
21 

23 

23 
25 
26 
27 
23 



--------I 

CONTEKTS 

Sinking Agents for All Oils 't'ast~'d. • 
Available All-Season Sink~ng Agents • 

PART VII: CONC~USIONS AND RECOl~~DATIONS. 

Conclus~ons , . 
Recommendations 

LITERATURE CITED. • • 

SELECTED BIBLIOGRAPHY 

TABLES 1-17 

PLATES 1-5 

. .. . . . . . . 

APPENDIX A: PROPOSED Ml~THOD OF TEST FOR DETERMINATION OF OPTIMUM 
OIL RETENTlON POTENTIAL OF SINKTI~G AGENTS OR SOR­
BENTS FOR OIL 

APPENDIX B: PROPOSED l-iE'l'HOD ,)F' TEST FOR EVALUATION OF THE SINK­
ING EFFICIENCY C 2 SHlKING AGENTS FOR OIL (DRY 
APPLICATION) 

APPENDIX C: PROPOSED METHOD OF TEST FOR DETERMINATION OF DY­
~iIC RETENTION CAPABILITY OF SINKING AGENTS FOR 
OILS 

APPENDIX D: PROPOSED PROCE!JURE FOR DETERl-HNATION OF VOLATILE 
LOSS-TIME CHARACTEP.ISTICS OF OIL RETAINED ON GLASS 
WOOL 

APPENDIX E: Th"FOR!1.ATIOn ON OIL SINKING MATERIALS SUPPLIED BY THE 
MANUFACTURERS 

APPENDIX F: PHOTOGRAPHS SHOWING PARTICLl SHAPES OF OIL SINKIN3 
MATERIAl.S 

APPENDIX G: SPEC'!'RA OF OILS USED 

vi 

Page 

29 
30 

31 

31 
33 

35 

36 



CONVERSION FACTORS, BRITISH TO l.ffiTl..;:C UNITS OF l·.EASUREMENT 

Bri tish lllli ts of measurement used in this report can be converted to 

metric llllits as follows: 

f.1ultip1y 

inches 

feet 

square inches 

square feet 

cubic feet 

feet per secol1d 

knots (international) 

pounds 

tons (2000 pOllllds) 

pounds per square inch 

pounds per cubi c foot 

6-allons (U. S. liquid) 

harre1s 

Fahrenheit degrees 

centipoises 

centistokes 

By 

2.54 

0.3048 

6.4516 

0.092903 

0.0283168 

0.3048 

0.5144444 

0.45359237 

907.185 

0.00689476 

16.0185 
0.0160185 

3.785412 

0.1589873 

5/9 
0.001 

0.01 

To Obtain 

-:entimeters 

neters 

s'luare centimeters 

square meters 

cubic meters 

meters per ~econd 

meters per second 

kilograms 

kilograms 

me gapas c als 

kilograms per cubic meter 
grams per cub i.! centime-cer 

cubic decimeter~ 

cubic meters 

Celsius or Ke1~~~ degrees* 

newton-seconds per square 
meter 

square centimeters per 
second 

* To obtain Celsius (C) temperature readings from Fahrenheit (F) read­
j~~s, use the following formula: C = (5/9)(F - 32). To obtain Kelvin 
{Kj readings, use: K = (5/9)(F - 32~ + 273.15. 

vii 
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SUMl>lA.RY 

The purpose of this program was to investigate materials that can 
L~ utilized in the clean~~ of massive oil spills by sinking the oil. 
The program i."as eli vided int~ four phases as follows: 

Phase I: Survey of the state-of-the-Art 

Phase II: Development of Standard Test Procedures 
Phase III: Tests of Sinking f.iaterials 

Phase IV: Tests Analysis and Conclusions 

This report completes the program as fUnded and covers the results 
of Phases III &~d IV; also this report recapitulates pertinent po~ions 
of Phases I aIJd II, <)ott of vhich have been pi."eviously reported. 

Twenty-three oil sinking mateiials, vhich had been located in 
Phase I, vere screened and tested (Phase III) in accordance 'With appli­
cable test methods developed in the Phase II study (Appendixes A, B, C, 
and D). On the basis of current information, these materials vere eval­
uated (Phase IV) as dry-application sinking agents for oil. Factors 
3uch as cost, availability, effectiveness in sinking and retaining oil, 
and hazards to pe~sonnel and plant lif~ V~ie conside~ed in caking the 
evaluations. 

Ei~t materials vere identif5~~ as dry-application all-season 
sinking agents for one or more oils, nine ma~erials ~ere identified as 
dry-applic:ation provisional sinking agents for one or more oils. One 
ma~erial vas identified as a dry-application all-seas0n sinking agent 
for all of the oils tested; one material vas a dry-application provi­
sional sinking a&p.nt for all of the oils testec. 
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GLOSSARY 

80M (Oil Sinking Material). TerI:i used tc identify materials 
submittea. by manufacture:i."s for evaltoa.tioI~ as sinking agents. 

-----

Sinking agent. A material that, when applied to floating oil, 
sorbs (adsorrs and/or absorbs) oil. creating a high-density mass which 
sinks, with 0:;' vi thout agitation, thus removing the oil from the surface. 

Sorbent. A material that, ~hen app~ied to floating oil, sorbs 
(adsorbs aLd/or absorbs) oil but does net effectively sink; oil and sor­
bent both remain cn the surface. 

Optimum oil retention potential. An index of the optimum cap­
ability of a SO!>1 to retain a given oil submerged. The index is deter­
mined by the l~tained oil:SOM ratio by weight at 18 hr, under static 
laboratory conditions. This index ~ be d.etermined both for sinking 
agents and scrbents as presented in Appendix A. 

Alribient temperature. The temperature of the surrounding air. 

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

Sinking efficiency. ~~e ability of a SOM to act as a stnking 
agent for oil and sink ac oil l~er on water. Sinking effic1ency is ex­
pressed by the oil:SOM ratio (by veight) required to sink at least 9C 
percent of the oil film thickness used. The test metnod is given as 
Appendix: B. 

Retention capabili~ Defined as the ~ility of the oil:sink­
ing agent mass to retain its oil after sinking. ThE: ratio of the weight 
of "the oil retained to the weight of the sinking agent used is a meas u..-e 
of the retention capability. 

Dynamic retention capability. The retention capability of a 
submerged oil: sinking agent mas',: deterMined under dyna.mic condi dons, 
i. e., the submerged oil: sinking sgent mass is subjected to vsriable CUl:"­

nents and different bottom conditions. ~andc r.etention capability is 
to be deterzdned in accordance with the test methods pre£ented as Appen­
dixes C and. D. 

All-season sinking agents. Sinking agents which were test~d 
for ~ir.k.ing ::::fficiency at 40 F, 60 F, and 80 F and fOl!Ila. to be effecti ve. 

Preceding page: blank 
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Pro\~sional sinking agents. Sinking agents which were tested 
for sinking efficiency at bO F only and found to be effective. 

Nonsorbent. A material that does not adsorb or absorb oil. 
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INVESTIGATION OF SINKING METHODS FOR REMOVAL OF 

OIL POLLUTION FROM WATER SURFACES 

Report 3 

TESTS AND EVALUATION OF OIL SINKING MATERIALS 

KEY 

Oil Sinking Materials 

Manufacturer 

Phillips Scientific Corp. 
(a subsidiary of Phillips Petroleum Co.) 
Bartlesville, Okla. 74003 

Pluess- Staufer (North American) Inc. 
82 Beaver Street 
New York, N. Y. 10005 
Wyandotte Chemicals Corp. 
J. B. Ford Division 
Wyandotte, Mich. 48192 

United Sierra 
Diviaion of Cyprus Mines Corp. 
Trenton, N. J. 08606 
United Sierra 
Division of Cyprus Mines Corp. 
Trenton, N. J. 08606 

Uni ted Sierra 
Division of Cyprus Mines Corn. 
Trenton, N. J. 08606 
Engelhard Minerals & Chemical. Corp. 
Minerals & Chemical Division 
l~nlo Park, Edison, N. J. 

Identifi­
cation 

No. 

SOM-l 

SOM-2 

SOM-3 

SOI4-5 

SO~i-6 

SI)M-7 

Trade Name 

Latex coated barite 

O!I\Ya Nautex H 

Zorb-All 

f.iistron Vapor 

Mistron ZSC 

Glacier 200 

SCI.-Speedi-Dry 

.. , 



Oil Sinking Materials (Continued) 

Manufacturer 

Union Carbide Corp. 
Mining and Metals ~iv~sion 
R&D Department 
Niagara Falls, N. Y. 14302 

Union Carbide Corp. 
Mining and r·letals Di";ision 
Rm Department 
Niagara Falls, N. Y. 14302 

Union Carbide Con. 
Mining and fo1e-tals Division 
R&D Department 
Niagara Falls, N. Y. 14302 

Waverly Minerals Products Co. 
3018 lo1arket StreeT 
Philadelphia, Pa. 19104 

Waverly Mine~als Products Co. 
3018 Market Street 
Philadelphia, Pa. 19104 

International Oil-10k Contrcl, L~d. 
1970 Spicer Road 
North Vancouver, B. C., Canada 

Dnw Corning Corp. 
Midland, Mich. 48640 

Dow ;orning Corp. 
Midland, Mich. 48640 

Dow Corning Corp. 
M:dland, Mich. ~S640 

Destroyl Ltd 
Goldlay, Burnt MIlls Road 
Nevendon, Basildon 
Essex, United Kingdom 

Aqua Pura Inc. 
1000 Cot.;..,try Club L:me NW 
Albuq~erque, N. Mex. 87114 

The Burns & Russell Co. 
P. o. Box 6063 
Bal tircore, Md. 21231 

The Burns & Russell Co. 
P. O. Box 6063 
BcJ..timore, ;'fd. 21231 

Identifi-
cation 

No. Trade Name 

SOM-8 Calidria Asbestos 
R-G444 

SOM-9 Calidria Asbestos 
8-G444 

S01.f..lO Calidria Asbestos 
HPO (High Purity 
Open) 

S.)M-ll HI !)RI 

S01.f..12 Megsi te Fines 

SO!o1-13 on 10k 

S01 ...... 14 Silicone treated 
fly ash 

SOfl,..15 Silicone treated 
fly ash 

S0101-16 Silicone treated 
SE1Ild 

SOl.f..17 Cement byproauct 

SOM-18 Hydrated potassium 
altuninum silicate 

S01.f..19 Treated sand 
BR Globulator 101 

SOl-t-20 Treated sand BF 
Encapsulator 20~ 

~ 
~ 
.:: 
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Oil Sinkino Materials (Continued) 

Manufacturer 

The Burns & Russell Co. 
P. O. Box 6063 
BaltiIOOre, Md. 21231 

The Burns & Russell Co. 
P. O. Bo;: 6063 
BaltiIOOre, Md. 21231 

The Burns & Russell Co. 
P. O. Box 6063 
Bal tiIOOre, Md. 21231 

Identifi­
cation 

No. 

Oils 

Description 

Identifi­
catioll 

No. 

SOM-21 

SOM-22 

SO?.f-23 

1 North Louisiana paraffinic-based cruda 
(lov-vi.scosity- crude oil) 

2 

3 

4 

5 

South Louisiana naphthenic-based crude 
(low-viscosity crude oil) 

South Louisiana naphthenic-based crude 
(low-viscosity crude oil) 

Diesel oil (1~ viscosity) 

Residual fuel oil (Bu!1ker C), a higb­
viscosity oil 

6 Bachaquera, Argentina type asphaltic 
hi gr.-vis cosi ty crude oil from 
Tia Juana, Venezuela 

7 SAE 30-w-t motor oil (lube oil) 

-

Trade Name 

Treated sand 
BR G10bula.tor 102 

Treated sand 
BR G10bulator 103 

Treated sand 
BR G10bulator 104 

Source 

Humble Oil Co., 
Baton Rouge, La. 

Humble Oil Co., 
Baton Rouge, La. 

Federal Water Quality 
Control Administra­
tion, Edison, N. J. 

r'ederal Water Quality 
Control Administra­
tion, Edisons N. J. 

Federal Water Quality 
Control Administra­
tion, Edison, N. J. 

Federal Water Quality 
Control Administra­
tion, Edison, N. J. 

American Oil Co., 
Vicksburg, Miss. 

i 
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ThIJESTlGATION OF SINKL1G ME'"l'HODS FOR RENOVAL OF OIL 

?OLLUTION FROM WATER SURFACES 

TESTS AND EVALUATION OF OIL 

SnnGN." MATERIALS 

PART I: INTRODUC'!'ION 

BackS}"cund 

1. Oil pollution is a problem that has been prese~t for most of 

the ~.entieth century~ but the magnitude und frequency of oil spills 

have grO"WIl enormously during the past fev 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* 

of oil into coastal vatern. l Many ~esearch projects are being carried 

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

preventing o~l spillage and to succe~sfully deal with floating oil when 

it does occur. 

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

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

pumps~ skimmers~ or oil-attracting belts or cylinders. When this is not 

successful, f1oati~g materials are often spread on the oil to ~sorb it 

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

dispersing vi th chemicals, BIld sinking are normally only to be used wen 

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

and in danger of polluting the shoreline. Tne N1i.tional Oil and Hazard­

ous Materials Pollution ContingencY Plan (June 1970)2 specifies that 

sinking agents or dispersants are not to be used in marine vaters less 

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

the c~rent is not predominately shoreward and only when other control 

* A table of factors for converting B:::,itish uaits of measurement to 
metric units is given on page vii. 
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methods arp. judged to be inadequate or unfeasible by the Federal Water 

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

ations in Which si~inb methods are a valuable tool in controll~tlg oil 

spills. 

Purpose 

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

rials, establish test procedures~ and evalua~e materials that could be 

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

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

follows: 

Phase I: S".lrvey of the State-of-the-P..rt 

Phase ....... 
.L.L. Development of Standard Test Procedures 

Phase III: Tests of Oil Sinking ~~te~ials 

Phase IV: Tests Analysis and Conclusions 

i~. A literatu...-e survey (Phase I~ was made and 23 potential oil 

sinking materials were locat·:":. a.'1d samples p"i':Jcured. Laboratory test 

procedUl~s vere developed for evaluating oil si~~ing materials (Phase 

IIj. The procedures developed _~~e for the determination of (a) optimum 

oil retention potential, (b) 5i~~ing efficiency, and (c) dynandc reten­

tion capability. The 23 materials located ~ere tested (Phase III) using 

the test procedures developed in Phase Il. Phase IV consisted '.>f the 

evaluation of the 23 materials based on the results ~! all testing. 

Previous Work 

5. In Phase 1, 3 lnany hu.'1dreds of articles and publications Yere 

revieved to locate, and develop informatio~ on, ojl sinking materials. 

Literature pertaining to oil sinking materials .~s not particula~ly 

abunda.'1t, ~d most of the l/ork that has been done was done j n Eurtipe, 

2 



especially in Englend. It is believed, hoveyer, that practically all 

informat::"on o~ a...y vall:e pertaining to liry-application oil sinking mate­

rials yes located &.~ proces~ed during this literature survey. 

6. Iaitielly, eighteen materials offered by ~ufacturers vere 

located for inves~igation Theoe materials ~ere assessed bas~d on re-

sults of the 1i 'ter~ture search and on i::,formation supplied by the manu­

facturers and tentatively rated vith regard to effectiveness in absorb­

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

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

and difficulty of a:pplic~tion. This information vas reporte":' in Re­

port .1
3 of this serie:-, but portions th~reof are also given in subse­

quent parts of "i.:': re~ort. Since Report 1 vaS' publishec, an addi tiona.1 

six ~terials vere located, and information On theSe materials is ~re­

sen!ed in this repo~. 

7. It should be noted that the material identified as SO~~l7 in 

Report ~ of this series, a silicone treated sand, vas not tested in sub­

:.equent phases. The SOM-l7 material tested in Phases II and iII of the 

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

SOl4-l7 assessed and referred to in Report 1. 
4 B. In Phase II of this investigation laboratory tests were de-

velop~d to evaluate the effectiveness of oil sinking materials under 

varying conditions. In the development of the test methods, the effe·~t!'; 

of variation of t!le f,)lloving parsmeters were ta.lten ino;o ~ccount: 

a. Oil film thickness 

b. Nature of oil film (fresh or veathered) 

c. System temperature 

d. Rate of application of sinking agent 

e. Natun of' surface condition (calm or agi tated) 

f. l)~e of bottom condition (sand, mud, gravel, etc.) 

ii- Current flOW' (flt:.id v210~i ty) 

~. Na'ture of vater system (salt or fresh) 

i_Effects of volatiles 

lour ~thods of t~st vere developed and the results vere reported :n 
4 

Report 2 of this series _ The test methods developed are gi ;ren as 
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Appendixes A, B, C, and D herein ~~d d~termine: 

a. Optimum oil retention potential 

b. Sinking effj '::,,::;r~cy 

c. Dynamic retention capability 

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

The test methods developed are not applicable to residual fuel oil 

(Bunker C) due to its semisolid state under laborator~r conditions. 

No significant difference was noted in results obtained due to water 

composition--fresh water or simulat~d sea water. 
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PART II: IDENTIFICATION OF MATERIALS 

Oil Sinl'.ing Mater:'als 

9. In Phase I of this investigation, samples of 21 materials 

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

forma'tion about each of these materials was obtained from the manufac­

t..u-ers and is presented as Al?pendix E. A general groUJIing of these ma­

terials would be as follows: 

Type of lofaterial 

Barite 

Chalk 

Clay 

Talc 

Asbestos 

Sand 

Fly ash 

Cement byproduct 

No. of Materials 
of This Type 

Procured 

1 

1 

5 

3 

3 

7 
2 

1 

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

Physical Characteristics 

10. in order to determine the ~elative particle sizes of the oil 

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

coarser materials (SOl4-3~ -7, -11, -12, -13, -16, -19, -20, -21, -22, 

and -23) were conducted in accordance wit!l applicable portions of ASTM 

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

remaining 12 materials, some of which were extremely fine povders (SOM-2, 

-4, and -5). The results of sieve analyses are given in table 2, in 

which the materials are arranged in order of fineness from left to right, 

with the coarsest material, SOM-ll, on 'the left. One hundred percent of 

all materials passed the No. 4 (4.76-mm) sieve, vhile one hundred 

* See Glossary for defir~tio~ of terms ~~ed 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 vas determined 

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

density vas determined by filling a calibrated container and veighing. 

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

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

est loose volume density (108.1 lbicu ft.) vas that of SOf-1-21; SOM-IO had 

the lowest (12.2 lb/cu ft). 

¥notomicrcgraphs 

12. Photomicrographs of each of the materials vere made using 

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

material. These photos are gi ven in Appendix F. 

Infrared analysis 

13. Eight of the materials vere selected for examination using 

infrared spectrophotometry (IR). First~ an identification spectrum vas 

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

rials had been treated viti: organic substances. These six materials 

vere placed in organic solv~nts to extract the coatings or treatments~ 

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

sults of these identifications are given in table 1. 

Oils 

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

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

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

assigned numbers and are identified below: 

Oil no. 

* 

1 north Louisi~~a paraffinic-based low-viscosity crude oil 
2* South ~uisiana naphthenic-based low-viscosity crude oil 
3* South Louisiana naphthenic-based lov-viscosity crude oil 
4 Diesel oil (low viscosity) 

(Continued) 

Oils 2 and 3 are essentially the same oil~ so oil 3 was not 
used in subsequent oil sinking material testing. 
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Oil Uo. 

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

viscosity crude oil 
7 Lube oil (SAE 3O-vt motor oil), a medium-vi.;cosity oil 

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

All. of these oils were fresh or unweathered oils. Since signifl.cant ex­

posure to ol!tdoor weathering will change the physical properties of an 

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

thoroughly agitated before sampl~s of oil were removed for the various 

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

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

Physical characteristics 

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

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

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

LVF 4529) was used t::> determine the viscosity-temperature relations for 

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

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

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

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

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

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

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

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

are the EOst volatile of the oils tested while oils 5, 6, &nd 7 are 

heavier, more viscous oils of less volatility. 

Infrared analysis 

16. The seven unweathered oils were examined using infrared spec­

trophotometry (IR); spectr& ~ere obtained in the 2.5- to 16-micron re­

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

oil between sodium chloride crystals provided with a spacer and cell 

holder. ille grephical results obtained are shown in Appendix G and the 

IR identification is summarized in table 3. 
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PART III: PRELTI-UNARY ASSESSMENT OF OIL SIrlKING W~TERIALS 

17. In the initial phases (Phases I and II}3,4 of this investiga­

tion the oil si~~ing materials were assessed with regard to (a) avail­

ability and cost, (b) hazards to personnel anc plal'lt life, and (cj dif­

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

these assessments and classificationa are presented in the following 

paragraphs. 

Availability and Cost 

18. Untreated materials wer~ generally more available than 

treated materials. lofost manufacturers are not tooled for high produc­

tion treatment of the materials but some could begin such production 

with a short lead time. ~reated materials ~ith a long shelf life could 

be produced and stockpiled at strategic locations for future ~e in an 

emergency. 

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

gories ~th resp~~t to current availabilitv: 

a. Those which are available in quantity ~th a short lead 
time 

b. Those for "hich a treatment plant wou..l.d be requi!"ed for 
q"l8Dtity production 

The following tabulation groups the materials with respect to availabil­

ity and also ranks them on a cost basis. Some manufactu~rs did not re­

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

these cases. 

Treatment 
Materi.al Cost General Avail- Plant Cost 

No. R~ DescriEtion able? Reguired? Information 

sm~l 19.5 Barite No Yes $140/ton, FOB plant 
SOM-2 13 Chalk Yes No $80/ton, FOB most 

major U. S. ports 
50M-3 9 Clay Yes No $60/ton, FOB plant 
SOM-4 17.5 Talc Yes No $12J/ton, FOB JOOst 

major U. S. cities 
( Continued) 
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Treatn:ent 
Material Cost General Avail- Plant Cost 

No. ~ DescriEtion able? Reg,uired? Information 

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

SOM-6 17.5 Talc Yes No est.* $120/ton, F~B 
plant 

SOM-7 6 Cla..v Yes No $41/ton, FOB pla.'1t 
SOM-8 23 Asbestos Yes No $650/ton, FOB plant 
SOM-9 22 Asbestos Yes No $350/ton, FOB plant 
SOM-IO 19.5 Asbestos Yes No $140/ton, FOB plant 
SOM-ll 2 Cl8¥ Yes No $35 /ton, FOB plant 
SOM-12 1 Clay Yes No est.* $2J/ton, FOB 

plant 
801-1-13 11 Sand Yes No $75 /ton, FOB plant 
SOM-14 15 Fly ash No Yes est.* $lOO/ton, FOB 

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

plant 
801-1-16 11 Sand No Yes est.* $T5/ton, FOB 

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

byproduct plant 
SOM-18 8 Cl8¥ Yes No ';;58/ton, FOB plant 
SOM-19 3.5 Sand Yes No $36/ton, FOB plant 
SOl-1-20 3.5 Sand Yes No $36/ton, FOB plant 
SOM-21 5 Sand Yes No $40 /ton, FOB plant 
SOM-22 11 Slmd No Yes est.* $75/ton, FOB 

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

* Estimated. 

Hazards 

Personnel health hazards 

20. Masks should be used by personnel 'Working 'With any of the ma-

terials, especially the finer materials. Any povdery material in.ltaled 

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

rials tested in this program can be grouped 'With regard to personnel 

hazards as follows: 
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Group 1: Least hazardous. 

Bsrite (SOM-1) 

Chalk (SOM-2) 

Clays (SOM-3, -7, -11, -12, and -28) 

Tales (SOM-4, -5, end -6) 

Group 2: Possible danger of silicosis fro~olonged b~eathing. 

Fiy C',sh (SOM-14 and -15) 

Sands (SOM-13. -lo, ·,19, -20, -21, -22, and -23) 

Cement byproduct (SOY.-17) 

(Troup 3: Danger of asbestosj,s (toxic materials). 

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 masks, is not 

considered ve~ likely for short-term exposure. 

22. The danger cf the development of a disabling lung disease 

called asbestosis is present when working with asbestos. The manufac­

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

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

Effect on flora and fauna 

23. N~ne of the sinking materials themselves are expected to ad­

versely affect flora and fauna; ho~ever, the covering of animal ~~d/or 

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

verse ef'fect. 

Diffi~ultl of Application 

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

to difficulty of application: 

Group 1: Sprinkle 01' pressure apoly dryz none or only slight 

agitation nee~ed for sinking. 

Eari te (sm~j} 

Clays (Sm.f-ll, -12, and -18) 

Fly ash (S()1-~14 and -15) 
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Group 1: Sprinkle or pressure apply !trY, none or only slight 

~tation needed for sinking. (Continued) 

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

~emmt byproduct (SOM-17) 

Group 2: Sprinkle or pressure appll dry, supplementb-..,,,,L.asitation 

needed for sinking. 

Chalk (SOM-2 j 

Cl~s (SOM-3 and -7) 

Talc (SOM-4, if applied dry) 

Gr.:>up 3: Spray apply in solution of either crude oil or water. 

Talcs (sOM-4, -5, end -6}--mix with water 

Asbestos (SOM-8 and -9 )--mix .-' :h oil 

Asbestos (SOM-lO)--mix with water 

Sand (SOl>!-20 }--mix with water 

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

all materials were tested as if they were all Grvl.."P 2 materials. Those 

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

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

agent~ since they were not applied as recommended by the D8nufacturer~. 

Preliminary Classification 

26. Screening tests revealed that th& 23 materials could be ini­

tially classified into two groups as follows: 

a. 

b. 

Granular materials (sinking agents): 

Barite SOM-l 
Clay SOM-3, -7, -11, -12, -18 
Treated sand SOM-13, -16, -19, -20, -21, 
Fly ash SOM-14, -15 
Cement byproduct SOM-17 

Powder~d materials (sorbents): 

Chalk 
Talc 
Asbestos 

SOl-~2 

SOM-4, -5, -6 
SOM-8, -9, -10 

-22, -23 

The gl'anular mate,.iaJ ~ were generally consid£'red to be sinking agents 

and the ~~dered materials were generally considered to be sorbents. 

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

was B satisfactory preliminary classification. 

11 
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PART IV: TESTS OF OTL SINKING MATERIALS 

27. T~ Phase II4 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 c~nducted using the test methods as discussed in 

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

unweathered oils to minimize the effects of volatile matter contained on 

t~e test results. 

28. Short-term retention potential tests were conducted initially 

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

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

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

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

werp. also conducted on two of the fine powdered matp.:rials for comparisoLl 

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

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

terials were involved. The chronological sequer.ce of the testing is 

shovn below: 

a. 

b. 

'" ... 
d. 

e. 

f. 

Short-term optimum oil retention potential tests. 

Shor~ ·term sinkir1g efficiency tests at ~ o~ 60, and 80 F 
using three oil thicknesses. 

Long-term retention potential tests. 

Short-term sinking efficiency tests at 60 F using one 0';.:. 

thickne~~ (tests of materials which had not been previ­
ously te~ .ed ur der these condi tio:1s ). 

Long-term sinking efficiency tests. 

Dynamic retention capability tests. 

Optimum Oil Retention Potential 

lS-hr tests (short-~erm tests) 

29. The lS-hr optimum oil re~ention ~otential of all 23 nf the 

SOMIs for six unweatnered oils (viIs l~ 2, 3. 4, 6, and 7) was deter­

mined using i'~e Appendix A test me;;hod :.mder laboratory test conditions. 
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BeC9.use of the nature of the test materials themselves ~ 16 materials 

init~ally classified as sinking agents (S~~l~ -3~ -7~ a~d -11 through 

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

initially c1assif:ed ~ sorbents (SOM-2~ -4~ -5~ -6~ -B, -9~ and -10) 

were ~ested using M~thod B of the test method. Oil:SOM ratios (by 

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

Oil 1 0.14 (for SOM-2l) to 5.67 (for SOM-lO) 

Oil 2 0.15 (for SOM-21) to 5.95 (for SO?-1-B) 
Oil 3 0.14 (for SOM-21) to 4.52 (for SOi·i-9) 

Oil 4 0.14 (for SOM-2l) to 4.93 (for SOM-B) 

Oil 6 0.23 (for SOM-21) to lB.45 (for SOM-10) 

Oil 7 0.10 (for SOM-23) to B.44 (for SOM-10) 

30. These test results intlicated that~ in general, the asbestos 

materials had tbe greatest potential for retaining the oils tested While 

the sands had the least potential. 

Long-term tests 

31. Additional optimum oil retp.ntion potential tests were can' 

ducted (as indicated by Pordt..3 and Jongb1oel' for periods of one week or 

more using five tmWeathered oils (oils 1~ 2~ 4, 6, anel 'jj &.n.i!J oil 

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

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

and ranged as follows: 

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

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

Oil 4 O.)~ (for SO~~23) to 2.05 (for SOM-1) 

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

Oil 7 0.07 {for SOl~23) to 1.11 (for SOM-l) 

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

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

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

* All oil:SOM ratios are by weight. 
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Also, no appreciable differ~nce in oi1:S0M ratio vas noted betveen the 

short-term and long-term retention potent~al tests vith oils 1, 2, a~d 

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

(oils 6 and 1), the difference betveen the oil:£OM ratios obtained in 

short-term and long-term tests became significant. 

~inking Efficiency 

33. Laboratory tests vere conducted to determine the sinking ef­

ficiency of all ~terials in accor'ance vith the Appendix B test method t 

even though all materials had not been classified initially as sinking 

agents. 

Short-term tests 
at three temperature~ 

34. Sinking efficiency tp.sts on nine selected materials were con­

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

4, 6, and 1) at three temperatures (40 :t. 2 F, 60 :t. 2 F, Be !. 2 F). This 

was a total of 405 individual tests, (;r nine tests of eaC'h of 45 differ­

ent oil-SOM combinations. The indi vidual oil: SOM ratios obtained in 

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

indicates that in general the sinking efficiency (oil: Sm·f ratio) vas not 

proport.ional to temperature (which defines specific gravity ar.d vis­

r~sity of the oil in use) or oil tn)ckness. It appears that the effec­

tiveness of an individual oil sinking reaterial depended on a combination 

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

The effect of a~ one parameter on the sinking efficiency depends on h~~ 

the parameters interact for that particular case. In general, h~~ever, 

the nine SCM's tested are more effective on oil t~icknesses of 0.10 or 

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

0.01 and 0.05 in. (0.25 and 1.21 mm). 

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

reliable data to warrant a statistical treatment for effect of oil 

thickness and temperature. Tne residual errors of the data from each of 

these 28 combinations were calculated and compared. The residual error 
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vas found to be statistically the same for all and equal to 0.135 (in 

eil: SOM ratio) with 106 degrees of freedcm. A statistical analysis of 

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

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

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

(plates 3 and 4) for these 14 combinations for the parameter or par~ 

eters wilich are si~ificant. The temperature or oil thick.nes~· is sig­

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

gi ven in plates 3a, 3g, and 4g. The 1ata used in plates 3b through f, 

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

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

A summary of this inforIl1lltion is shown in table 9. The:: significa.~ce 

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

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

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

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

oils 1 and 2 (light crude oils). 

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

not a sinking agent since it vas not satisf~ctor~r for sinking any of the 

oils at these temperatures. Other information gleaned from tbese teets 

was (a) SOM-4 acted as a sinking agent for oil 4 (diesel oil) only ~ (0) 

only two of the SOMIs tested, SOM-13 and -22, a'!ted as sinking agents 

for oil 6 (Argentina cru.de), (e) SOM-j, -3, -14, and -17 were nct effec­

tive for sinking oil 7 (lUbe oil) at 40 F in thicknesses of 0.10 and 

0.15 in., (d) SOM-11 vas not effective in sinking oil 7 (lUbe oil) in any 

of the three thicknesses used, and (e) SOM-13 vas nct ei~ective in sink­

ing oil 4 (diesel oil) at 40 F. 

Short-term tests at 60 F 

37. The sinking ei'!'iciency of all of the materials was determil1ed 

e.t 60 + 2 F using one thic.ltness (0.~5 in.) of five unweathered oiL; 

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

tests are given in table 10. Some of 4hese 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 ot: the naterials did not meet t:"e minimum test require­

ments for sir~ing e given oil; some materials did not meet the test re­

quir~ments for sinking any of the oils (SOI~5, -8, and -9) and therefore 

cannot be classed as sin.1dng agents, but have t'J be classed as sorbents 

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

minimum requirements for the test but h!:!.d excessive oil release within 

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

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

sinking age~t fo~ the particular oil at this temperature. 

39. ~ne oil:SOM ratios obtained raqged as follows for materials 

which performed satisfactorily: 

Oil 1 0.14 (for S01·~20) to 1.00 (for SOt-i-l ) 

OE 2 0.29 (for S01-1-13) to 0.98 (for SOM-17) 

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

Oil 6 0.29 (for Sm·i-23) to 1.00 (for SOM-15) 

Oil 7 0.21 (for Sm~-20) to 1.10 (for Smoi--l) 

1~0. Toe following l.'literials did not perform satisfactorily with 

the oils shown below: 

Oil 1 Smlz-2, -4, -5, -8, _0 -10, -18, -21, -23 ..-, 

Oil 2 SOfoi--2, -4, -5, -8, -9, -10~ -16, -18, -19, 
-20, -2L -23 

Oil 4 SO!.j-2, -5, -7, -8, _0 -10, -;.8, -19, -20, .". , 
-21~ -23 

Oil 6 SO?~l, -2, -3, --4, -5, -6, -7~ -8, -9, -10, 
-11, -12, -llJ, -17, -18, -20 

,,- - 7 SO?>i-2, -4, -5, -6, .. -8, -9, -10, -11, ..,1..1 - I, 

-17, -18, -19, -21, -23 

4::.. On the basis of the 60 F sindnb effie'; ency tests, the follvw-

in£ si~ mater~als, f~r th~ p.~~oses of thi~ evaluation, cannot b~ class i­

fi~d as slnkir:.g s.g.::nts fo:, a..1Y of these five oils; SOM-2, -5, -R, -9, 

-lO~ -18. 

Lcng-t~ ~ ts at 60 F 

42. Ir. ~rd&l to deve~op more in~ormation about the sinking 
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efficiency of the test materials as suggested by Pordes at the 1911 con-, 
ference on prevention ar.~ control of oil spills,o an additional 19 tests 

wer'~ conducted at 60 + 2 F u.~ing an oil thickness of 0.05 in. Ten SOM's 

and five oils were used in these test~, which were conducted by the Ap­

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

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

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

fectiveness of the SOMIs tested with the particular oil used. Four m&.­

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

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

able additional amounts of oil released during the :onger period; this 

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

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

Materials Oil:SOM Ratio (at 42 d~s) 

SOM-1 with oil 4 0.32+ 0.16 

SOM-1 with oil 6 1.02+ 0.32 

SOl-i-ll wi th oil 1 1.11 
+ 

0.36 

SOM-11 with oil 1 1.18+ 0.34 

Note· + means excessive oil release within !5 min 
after test. 

Dynamic Retention Capability 

43. Dynamic retention capability tests were conducted in accord­

ance with the test met~ods give~ as Appendixe~ C and D except that fresh 

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

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

20-hr tests with oil 1 

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

method, to determine the 20-hr dynamic retention capability of six SOMIs 

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

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

velocity (from velocity profile) of 0.55 f'ps (0. 32 knot) before the 
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oil:801>1 mass was added to the moving channel. The necessary oil collec­

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

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

glass wool. The ini t ~al and 20-hr oil: S0l4 ratios obtained in this 

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

plate 5). The initial oil:SOlI. ratios used were governed by the amoll.l1t 

of oil absorbed by eac:1 lllS.terial ani varied for each of the six mate­

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

1. 56 for 801-1-l. 

Additional tests 

45. Four addi tiona! dynamic retention capability tests were con­

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

'li th the follow:i ng parameters: 

Average Cur-
Oil Sinking Oil rent Velocity 
l4aterial Bottom 1-1aterial No.* fps (knots) 

S01>1-11 Gravel (I-in. 1 0.55 (0.32) 
max. size) 

8OH-11 l~ud (moist earth) 1 0.55 (').32) 

80M-II Fine sand 1 0.36 (0.21) 

80M-II Fine sand 7 0.55 (0.32) 

* Oils were ll.l1weathered. 

T:'1ese tests 'Were conducted to demonstrate that the '.lSe of a different 

oil, another current velocity, or a different bottom material 'Would in­

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

(SOf-1-11) 'Was used in all four of the tests and the date. are given in 

table 12 and figs. g through j of plate 5. 

46. The data reveal that under the condi ti ons of the tests SOf~-ll 

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

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

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

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

mud bottom th~, on a fine s~l1d bottom. 



-~--- - .- ------ ------_ ....... _- ~ 

PART V: COMPARISONS BASED ON TEST RESULTS 

47. The oiJ 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 some 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 

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

the oil sinking materials; these were: 18-hr optimum oil retention po­

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

oil thickness of 0.05 in. The materials are rated fo~ these tvo tests 

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

Relative effectiveness in r~taining oil 

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

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

tiveness of each material in retaining oil while submerged under the 

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

test, the higher the rating. 

Felative effectiveness in sink~ng oil 

50. Table 14 rates all of the materials as determined by the 

short-term sinking efficiency test (conducted at 60 F using an oil thick­

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

the ma·~rials during the test and indic1lte the relative effectiveness of 

a material in sinking oil under the condition5 of the test. 

Tests of Selected Materials Only 

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

the long-te~ opti~um oil retention potential tests (table 7) are given 

in table 15. 

52. The relative ~atings of the selected materials tested fo~ 
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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-ll>*SOM-13 

b. With oil 2 (at 60 F~ oil thickness 0.05 in.) after 7 days; 
Material: SOM-l = SOM-11 > SOM-ll > SOI~14 • SOM-3 > SOM-13 > SOM-22 

Rating: 1.5 1.5 3 4 5 6 1 

c. With oil 4 (at 60 F~ oil thickness 0.05 in.) after 
42 days: 
SOM-1 > SOM-13 

d. With oil 6 (at 60 F~ oil thickness of 0.05 in.) after 
2 days; 
Material: SOM-15 > 501-1-22 > SOM-13 = SOM-16 > SOM-1 

Rating: 1 2 3.5 3.5 5 

e. With oil 6 (at 60 F, oil thickness of 0.05 in.) after 
42 days; 
!-iaterial: SOM-22 > SOM-1 > SO:1.-13 

Rating: 1 2 3 

f. With oil 7 (at 60 F~ oil thickness of 0.05 in.) after 
42 days; 
Material: SOM-ll > SOY/-l1 > SOM-13 

Rating: 1 2 3 

53. The rel~tive ratings of the nine selec~ed materials tested 

for sinking efficiency at three temperatures (table 8) are gi .... en in 

table 16. 

54. Tne relative ratings for the six selected materiats tested 

for qynamic retention capability (table 12) are given ~elml: 

Material 
No. DescriEtion 

8011.-1 Barite 

SOl~l1 Clay 

SOM-3 Clay 

SOJ.i-7 Clay 

SOl~13 Sand 

SO~11 Ceruent 
byproduct 

* > = better than. 

Rating vith Lev-Viscosity 
Crude Oil (Oil 1) (After 
20 h~ of Dynamic Test) 

1 

2 

3 

4 

5 

6 
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Classification of ¥~terials 

55. In the previous paragraphs the oil sinking materials were 

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

These comparative ratings are merely rankings and do not indicate 

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

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

mation. Three categories were used to group mateI'ials with respect to 

performance with a given oil or oils. 

a. A material that sorbed (adsorbed and/or absorbed) oil and 
was eff'ecti ve in sinking the oil was classified as a 
"sinking agent." 

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

c. A material that did not adsorb or absorb oil was classi­
fied as a "nonsorbent. 11 

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

oil 1: 

56. The 23 materials were classified as follOW's with respect to 

~. Sinking agents: SOM-l, -3, -6, -7, -11, -12, -13, -14~ 
-15, -16, -17, -19, -20, and -22 

b. Sorbents: 80M-2, -4, -5, -8, -9, -10, -18, -21, and -23 

c. Nonsorbents: None 

Naphthenic-based 10W'-viscosity crude c·il (oils 2 and 3) 

57. Classifications ~or oils 2 and 3 are shmm belOW': 

a. Sinking agents: SO~l, -3, -6, -7, -11, -12, -13, -14, 
-15, -17, and -22 

b. Sorbents: 80M-2, -4, -5, -8, -9, -10, -16, -18, -19, 
-20, -21, and -23 

c. Nonsorbents: None 

Diesel oil (oil 4) 

58. The 23 materials were class:.fied with oU 4 as follOW's: 

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

!?. Sorbents: 801-5-2, -5, -", -8, -10~ -13, -18, -19, -20, 
-21, and ··23 

c. Nonsorbents: 80M-9 
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High-viscosity crude oil (oil 6) 

oil 6: 
59. The 23 materials were classified as follows with respect to 

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

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

c. Nonsorbents: None 

Lube oil (oil 7) 

60. Classifications for oil 7 are: 

a. Sinking agents: Sm-i-12, -13, -15, -16, -20, and -22 

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

c. Nonsorbents: None 

All six oils (oils 1, 2, 3, 4, 6, and 7) 

61. Classifications of the 23 materials for oils 1, 2, 3, 4, 6, 

and 7 a"'e given below: 

a. Sinking agents: SOI-i-15 and -22 

b. Sorbents: SOl·~l, -2, -3, -4, -5, -6, -7, -8, -9, -10, 
-11, -12, -13, -14, -16, -17, -18, -19, -20, 
-21, and -23 

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

c. Nonsorbents: SOJ-i-9 for oil 4 only 
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PART VI: FINAL ASSESSME.~ OF SINKING AGENTS 

62. In pa.ragraphs 56-6ls certain materials were designated as 

sinking agents for the various oils on the basis of the laborator,y tests 

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

sons before a final eval'll.ation of materials was made s it was necessar,y 

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

63. For the purpose of a final eValuation of the materials s the 

sinking agents were divided into two types: 

a. All-season type. Those sinking agents ;ihich were tested 
for sinking efficiency a.t three temperatures (40 s 60 s and 
80 F) and found to be effective. This range of tempera­
t~s, 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 effectj ve. These agents have to be regarded 
as provisional or potential sinking agents since they 
need further evaluation. 

64. In the laborator,y tests s nine materials were evaluated for 

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

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

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

types for a particul8.1· oil or oils it was necessar,y to consider avail­

shili ty, cost, and h:l.zards to personne 1 as well as all laborator,y 

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

&nd these are given in subsequent paragraphs and summari zed in table 11. 

Sinking Agent~ for Oil 1 

65. Fourteen materials were identified as sinking agents for 

oil 1 (J;araffinic-based lev-viscosity crude oil); these were classified 

as follevs: 

a. All-season sinking agents: SOM-ls -3s -lls -13~ -14, 
-11s and -22 

b. Provisional sinking agents: SOM-6, -1s -12s -15, -16 s 
-19s and -20 
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All-season 8sents 

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

given below: 

Compara-
t';'ve 

Rank in 
Laboratory 

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

SOM-l 1 No Yes Least $140 4 
hazardous 

SOM-3 3.5 Yes No Least 60 2 
hazardous 

SOM-ll 2 Yes No Least 35 1 
hazardous 

SOM-l 3 7 Yes No Possible 75 7 
danger 

801>1-14 3.5 No Yes Possible 100 (est. ) 5 
danger 

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

SOM-22 6 No Yes Possible 75 6 
denger 

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

best all-season si~~ing agent for oil 1 since it is available in qU~l­

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

well in the laboratory tests. 

Provisional agents 

67. Information about the pro"lisional sinking agents for oil 1 is 

gi ven below: 

Mate­
rial 
No. 

SOM-6 

SOI.{-7 

Compara-
tive 

Rank in 
Laboratory 

Sinking 
Efficiency 

Tests 

2 

3 

Avail-
able? 

Yes 

Yes 

Treatment 
Plant Personnel 

Reg,uired? Hazards 

No Least 
hazardous 

No Least 
hazardous 

(Continued) 
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Cost/Ton Ranking 
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Compara-
tive 

Rank in 
Laboratory 

Mate- Sinking Treatment Final 
rial Efficiency Avail- Plant Personnel Overall 
No. Tests able? Reg:uired? Hazar~c; Cost~~ Ranking 

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

SOM-15 4 No Yes Possible 100 (est. ) 6 
danger 

SOM-16 5 No Yes Possible 75 (e2~ .• ~ 7 
danger 

SOM-19 6 Yes No Possible 36 4 
danger 

SOM-20 7 Yes No Possible 36 5 
danger 

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

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

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

ana performed well in the laboratory tests that were conducted. 

Sinking Agents for Oils 2 and 3 

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

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

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

b. Provisional sinking agents: SOl-1-6, -7, -12, and -15 

All-season agents 

69. Information about the seven all-ssason sinking agents in re­

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

tion given in the tabulation in paragraph 66. Other informat~ 1 is: 

Comparati ve Rank in Final 
Laborato~' Sinking Overall 

Material No. EfficienSl Tests Ranking 

SOM-l 2 4 

SOM-3 4 2 

SOM-ll 1 1 
(Contim ... ed) 
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Comparative Rank ir.. Final 
Laboratory Sinking Overall 

Material No. Efflciencl Tests Rankins 

8OM-l 3 7 7 

SOM-14 5 5 

SOM-17 3 3 

SOM-22 6 6 

80M-II, hydrated magnesium aluminum silicate, was the best all-season 

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

Provisional agents 

70. The final overall ranking of the four prov:.sional sinking 

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

cost, and hazards, is as follows: 

Comparative Rank in Final 
J~boratory Sinking Overall 

Material No. Efficiencl ~eets Rankins 

8OM-6 4 3.5 

SOM-7 2.5 2 

SOM-12 1 1 

SOM-15 2.5 3.5 

The natural clay, 8OM-12, vas rated as the best provisional sinking 

~ent for oils 2 and 3. 

Sinkins Asents for Oil 4 

71. Eleven materials were identified as sinking agents for diesel 

oil (oil 4). These were: 

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

E.. Provisional sinking agents: SOM-6, -12, -:"'5, and -16 

A21-scason agents 

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

tabulated bel~": 
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Compara-
tive 

Rank in 
Laboratory 

l~ate - Sinking Treatment Final 
rial Efficiency Avail- Plant Personnel Cverall 
No. Tests able? Reg,uired? Hazards Cost/Ton Banking 

SOM-l 2 No Yes Least $140 5 
hazardous 

SOM-3 5 Yes No Least 60 3 
hazardou., 

3OM-4 1 Yes No Least 120 2 
c:i.zardous 

8OM-ll 4 Yes No Lea;;;t 35 1 
hazardous 

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

8OM-17 3 Yes No Possible 100 (est. ) 4 
danger 

SOM-22 7 No Yes Possible 75 7 
danger 

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

8OM-ll, hydr':1ted magnesium aluminum silicate. 

Provisional agents 

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

Comparative Rank in Final 
Laboratory Sinking Overall 

Material No. Efficiencr Tests Ranking 

SOM-6 2 2 

SOM-12 1 1 

SOM-15 3 ~ 

sor~-16 4 4 

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

rials .. ere given in paragraph 57. The natural clay, SOM-12, was j.·ated 

as the best provisional sinking agent for 0:1 4 and would be the choice 

for further evaluation. 

Sinking Agents for Oil 6 

74. Only ~even materials were identified as sinking agents for 

oil 6 (high-viscosity crude oil); these were: 
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a. All-season sinking agents: SOM"-13 and -22 

l>~. Provisional sinking agents: S01-1-15, -16, -19, -21, 
and -23 

All-s~ason agents 

75. Both all-season sinking agents for oil 6, SOi-1-l3 and -22, 

were treated sands and both r.ave a cost. :;>er ton of app:-o;..:imate1y $i5. 

The laboratory performences of these two ag~nts were essentially equal, 

but sin~e S01·1-l3 is nov ava:!lable and SO}v!-22 is n~t, 501-1-13 has to be 

rated as the 'etter of the two material~ ;or oil 6 vhen all factors are 

cons'.dere':'. 

Pron sional age''lts 

76. Information about t~e provisional sinking agp.nts for oil 6 is 

gi veh belo;;: 

Compara-
tive 

Rank in 
Laboratory 

Mate- Sink:!.ng TrQatment Final 
rial Efficiency Avail- Plant Personnel Overall 

-1!C?:.._ Test.s ablE' ? Reguire~? Hazards Cost/Ton Ranking 

oot4-15 1 No ~e;; :?ossit-le $100 (est.) 3 
dar.ger 

SOM-16 2 No Yes Possi.ble 75 (est.) 4 
dl'.l1ger 

S0~-l9 
... Yes No Posnible 36 1 

da.'1ger 
3OM-2l 4 Yen Nc Poss:!.ble 40 2 

~anger 

SGM-23 5 Yes No t'o~siblL: 56 5 
dange!' 

SOM-19, a 5ar.1 treated vith a p:ro:priE'tary chemical, vas rat~d ru; the 

best of the prov:i sional sinking agents ~f)r oil 6 principally because of 

its availanU~tjt' at low cost. and voul~ b~ the Gho:'~e for further 

evaluation. 

Biuki:lg Agents f~ Oil 1 

77. Six materials were identified as si~~ing agp.nts for lube c:1 

(oil 7); ~hesc were: 
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a. All-season sinking agents: SOM-13~ and -22 

b. Provisional sinking agents: SOM-12, -15, -16~ and -20 

All-season agents 

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

ranlted as follows: 

!.faterial No. 

SOM-13 

SOM-22 

Comparative R~~ in 
Laboratory Sinking 
Efficiency Tests 

1.5 
1.5 

Final 
Overall 
Ranking 

1 

2 

SOM-13, a carbonized, chem.ically coated sand, was rat~d as the better 

all-season sinking agent for oil 7 since it is now available 8JlU all 

other considerations are essentially equal between the two mat~riais. 

Provisional agents 

";9. Information about the provisional sinking agents for lube oil 

(oil 7) is given below: 

Compara-
tive 

Rank in 
Laboratory 

Mate- Sinking Treatment Fintil 
rial Effidency Avail- Plant Personnel Overall 
No. Tests able? Reg,uired? Hazarru: Cost/Tor. RtUl..ltinSj 

SOH-l 2 1 Yes No Least $ 20 (est. ) 1 
hazardous 

SOM-15 2 No Yes P03sible lOO (e~'t. ) 3 
danger 

8011-16 3 No Yes Possible 75 (cst.) 4 
danger 

8014-20 4 Yes No Possible 36 ? 
dange" 

Tbe natural clay, SOM-12, was rated as the best provisional sin1'.ing 

agent for oil 7 when all factors were considered. 

Sinking Agents for All Oils ~es~ed 

BO. Only tyO materials~ SOM-15 and -22, were identified ~ 
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sirJiing agents for all six oils (0ils 1, 2, 3,4,6, and 7). SOM-22 is 

l!.~ all-season sinking a.gent 'While SOl-i-15 :l::l a ,rovi:.ioilal sinking agent. 

Nei-;;;her of th~se materials is available in quantity at tllC present time. 

81. At th~ j")re~~n"; tiJre, i: the need ~rose for a ~.ry-a:ppli\!atioll 

all-seas?n si~~ing agent to clean up a massive oil spi:l, the choice 

'Would be :estri.::ted to five sinkLlg age'1ts: Sm-l:-3, -4, -11, ·-13, and 

-17. These are the only W.l!:S-testt<d all-season dnldlL8 agents which are 

no'W available. The final choice of 'Which of these sink~ng agents to use 

'WolL.d be governe'i by the kind of oil t'piD en a~~ other fact .. !":; n:>t dealt 

«ith in this re~0rt. 

a. If ~he oil 'Was a low-v~scosity crude oil (oils 1, 2, 
0:- 3), the choices available 'Would. be: 

Material 
Uo. 

SGl4-ll 

SOM-3 

SUM-:"7 

SOM-13 

~i'lal OVE-rall 
Rallking as 
All-Season 

________ r~.fa~terial Description ~~~Aeent 

Hydrated mr..gnesium aJun~num sllica~e I 

A natural clay 2 

Cement nypro:tuct .3 

Treated sand 7 

b. if thE' oil ,,'as a di esel oil (oil 1.), the t.:hvices a·mil-· 
able yould be' 

l.fat..:riRl 
_ ,lio-=-_ 
OOr.~ll 

SOM-4 

SOM-3 

SOl-1-17 

Material Descri~tio~'1~ ____ __ 

Hydrated magnesium al'.lminUI!l sHicate 

U'1t !"eated talc 

A nat ural ~lay 

Cement b)~roduct 

Final Oyere.ll 
Pankine; as 
All-Season 

oi:Llting Agent 

1 

2 

3 

4 

c. If t}~e oil vas a hi.~-\·i~;cosity cr~lde oil (oil 6) or 9-

lube, oil (oB 7~ thl: choice lIould be SOt-f-13,. a '.arbon­
iz~d, chemically coa.ted sand. 
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PART VII: CONCLUSIONS AND RECQI.fi.1ENDATIONS 

Conclusions 

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

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

23 materials offeree by manufacturers have been assessed and rated 

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

identified as dry-application all-season si:lking agents for one or more 

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

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

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

sinking agP.nt for all of the oils tested, and one material was a OL~­

application provisional sinking agent for all oils. 

83. From the l&bora~ory tests of che oil sinking materials, the 

rolloving additional conclusions can be drawn: 

a. The t~st method (Appendix A) for determination of optinlum 
oil retention potential provi~es a means for determining 
the amollIlt of eil which an oil sinking material can ad­
sorb or absorb under optimum conditions. This test does 
not indicate how effective a material is in sinking oil 
and there~ore the test data obtained do not correlate 
with test data collected from the sinking efficiency test. 
Long-term optimum oil retention potential tests appear to 
be needed for 'Gests with oils of absolute viscosity 
grea.ter than 100 cp (oils 6 and 7), while the short-term 
(up to 24 hr) tests are apparently sufficien~ for the 
lighter oils (oils 1, 2, 3, and 4). 

b. The sinking efficiency test (Appendix B) furnishes a 
means for evaluating the oil sinking efficiency of an au 
sinking material and appear~ to be a most useful test. 
~!e effectiveness of a Sinking agent depends on (1) the 
80M used, (2} the oil used. (3) the tempera.turf>. and 
(4) the oil thickness. Sinking efficiency is . pparently 
gene~ally not proportional to temperature (which defines 
the viscosity and specific gravity of the materials) or 
oil thickness but possibly depends on the surface tension 
considerations of the particular system being used as 
well as the t~mperature 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 It. :st 
21 ~r when using the less viscous oils (oils 1, 2, 3, 

31 

, 
o· 
J 

-1 



I 
I 
\ , 

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 botto~ con­
dition on the ~ount of oil retained by a given sinking 
agent. Funding and time limitations prevented a more 
comprehensive study of this test and the accumulation of 
more. test data on the oil sinking materials themselves. 
The test results obtained in the 10 tests v.hich were per­
forllled indicate that retention capability can be signifi­
cantly affe cted by (1) 5i nking agent, ( ~) oil us ed, ( 3 ) 
current velocity, and (4) bottom material. The tests 
condu~ted 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 current~; also, less oil is released 
~.;hen the bottom material is mud than when the bottom ma­
terial is sand. Also, in two of the dynamic retention 
capability tests (see plates ;c and 5e), a sand bottom 
material increased the effectiveness of the sinking % - , -
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 capability tests, as, 
in general, oil:SOM ratio decreased with increasing cur­
rent velocity. 

d. Three of the types of material~ te~ted, i.e., talc, as­
bestos, and ~halk, are generally not satisfactory as dry­
application sinking agents. These materials are usually 
good sorbents for oil but will not, in most cases, sink 
the oil. 

e. Treated sands and tr-eated fly ash do not absorb and/or 
adsorb much oil but some do act as sinking agents when 
app11~d dry to floating oil. 

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

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

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

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

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

sults of the tests conducted. 
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Recommendaticns 

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

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

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

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

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

this index or screening test and it is recomw~nded that it be adopt~d as 

the screening test for oil si~ing materials. The residual error of 

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

be made to improve this testing error if desired. 

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

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

used to screen potential oil sinking materials by determining the si~~­

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

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

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

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

this study would pass this initial screening test. Further tests ~ould 

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 :i.nvestigation and 

presented herein do not encompass all of the many paraJ1leters vhich 

should be examined. Such an elaborate undertaking would have requirerl 

time and financial support many times the magnitude of those ava.ilable 

to this study. Further investigation is therefoi'e recounended in ·c;he 

following areas: 

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

o. Effects of variation in t~mperature, ocean floor topog­
raphy ~ na~l~re of fluid currents, and percentage of sorp­
tion capacity of sinking agent actually taxed during the 
sorption process upc~ retention char~cteristics of the 
submerged oil-sinking agent mass. 
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c. Effects of the many various types of agitation, above and 
beyond that examined in this study, upon sinking effi­
ciency and retention • 

.!!. The testing and sinking of higr..ly viscous residual fuel 
oil (Bunker C). 

e. Development 0:1' procedures to evt>~uate the retention char­
acteristics of a submerged oil-sinking agent mass which 
is the product of realistic sinking agent application and 
sinking (material will not act at 100% efficiency) as op­
posed to the method of mixing and submerging (required to 
approach the 90% efficiency level specifically requested) 
used in the method of test presented in Appendix B of 
this report. 

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

~. Modification of the sinking effi~iency test to encompass 
long-time evaluation. 
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Katerial 
-.J!2:..... ~scrlEt1()Q 

sa-. .. 1 latex coated bar! te 

... ~ Chal, treated wIth ste~ri: aCl.d 

.. 3 Calcined clay 

... 1. Untreated ule 

.5 Talc treate-d. vlth :ine stearate 

-f Un"e"M te.l.c 

Tabl. 1 

Ident1tlc:atioo or OU S1nkl.nc- Mater1&la 

Co"sU tuents .. s ~ter=1ned by 
Infrared Sp<ctrcP!>ot=etrx 

Bar1\-= sulf.te plus .,..,lybutadif>ne and • aalt ot' 
carUoxyllc acid 

Calc I"" carbo:>&te vlth s:::all &::IOunt or car~xyl1c 
acid 

"~sitc siUcate 
~ed\C silicate plus an &.11Q"1 p.."'rthalate res!r. 

Averl.6t'-
Averqe- :.cose 
Partlcle Vo1u:.e 
Speclt1c Denslty 
Cravlty 1.(c~ !l 

3·3' 86.0 

2.2£ 58.2 

<'.8, ,;-;.6 
2.75 10.6 

2.76 18.4 

2.7f: -6 & 

3·37 33.7 ... 7 Expansive ell.)" {Full",:'s eart!\j 

.' Asbestos treated vlth steare':.es Ca.lcl=·~e.l= ,ill.cate plus a. carbOXylate salt 
plus ca~boxylic acid 

2.10 13.3 

... 9 7rt.ted. asbestcs 

·10 Cationic asbestos 

.. ll rlydrated =agDcliuc a':'u:::.in..c silicate 

.12 !ia~ur.l c!.ay (:x:=t:.orl!lon~t.e Q:1 palygorsk1te) 

-13 C~""nized c~c1c<.lly c""ted .. nd 

... 1li. S!licone treated fly ash. 

Calclu=. ... e:aones1u:: sl!!cate 

Fly ash pl\OL :et..ilYl tll1cone 

2.67 11,.7 

2.02 12.2 

3.06 31.8 

2.7? 35.6 
2.65 87.7 

2.57 €)..1 

... 15 S1.i . .l.Coc.t. t..r~a.t..ed 1"1:; ash F1)' as, plus o1lice<:e plus a carboxylic cccpound 2.54 69.9 

... 16 Sll!cone trea.te':1 SIL."ld 

-17 Ccoent byproduct 

-16 )(&ol1:,I,e clay 

-19 Tna. sand 

... 20 Treaud sa.~ 

... 21 lTeat.ed sa."l:!. 

• Values gi-ren are the &vua&e or t.~ree tests. 

Ta!)le 2 

S!eve Anal:t:se. (Y. 011 S1n'<1!lil Mat~rlala 

Sie\"'r Pedetlon a> (I; {~I (1) 
~lDUl.at1'ft Per<:e:nt Pa.ss~ St.an4&rd S!t!Y't& 

(2) (1) (2) 1; (1) (~i 
U·er ... ~0I-11 501-" 501-3 SCM-23 SQI-16 SCII-13 SCM-15 SOI-21 SQI-12 SQI-14 

~ ~ ~ ill!U ill!U jSa."l!1) .!£.!!,ll (SaM) (Flv I,.h) jSa.'ld) .!9:!u ~ 
~.76 = ifO. :. 100 
2.38 :z: 8 90 100 100 100 100 100 
1.19 = 16 ~o 30 ~5 49 64 86 100 

5QS .. 30 16 3 16 3 61. 19 92 100 100 
~ 50 3 0 0.5 0 4b 3 73 30 87 
149 .. 100 1 32 1 5~ 6 50 
74 l.lo 200 0.4 16 36 25 
44~ 325 18 
37 .. .. 00 

c-.:=Uat.lve Percent f'ar.:s1r:! Sta..~ Slelt'es 
{3) 11; \1: 131 13, (~, 

SQo£-lQ SQ!-16 SCM-l0 SQI-l SCM-9 S(J.(-17 
.l.2!:!!!l (Sa."ld; ~As~&tOS! (Bo.rl«) ~Aabest~&~ ! ~J!roduc:t 2 

4.76 "" No. :. 
2.38 .... e 
1.19 == 16 

595 ~ 30 100 100 
2'f1~ 50 96 97 ;00 100 !OO 
149 ~ 100 18 34 .::" 95 96 100 

74 .. 200 1 ? 95 
lo4~ 325 
37 .. 400 

r.ote: {1, .\:l&l.ysl& eond~ted in accordL"lce vitti AS':)1 DeatGnatlon: r :36-6-;-} 
(2; fart!a.l a:.&lysls orU..i, us!:o« ~ ¥In-es. 
~3: P&:'t~a.l "'''la.lys.~s. only, us~ng 1"1::.ene$s ~ester \oU;>lne/. 
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\31 
SQI-6 

jTalc) 

100 
99 

100 
88 
63 
37 
14 

(3) 13J 
sa-;-5 SQI-~ 

(Talc) (Talci 

100 100 

2.66 106.7 

2.62 50.0 

2.44 62.4 

2.67 :'.lO.7 

2.67 98.1 

2.66 106.:' 

2.66 104.7 

2.66 92·0 

(!) (3, ---rr;-
SQI-22 

~~ ~~l (Sand) IAsb~~'OSJ (S~) 

100 

llJ 92 93 ::-s 
15 -- 18 

-- 1 ..... . .. 
-- --

01 
SQI-2 
(ChAl~l 

100 



Table 3 
ldentU'lcation or OU .. 

Spec1tl. Ablolute 1(U\e<>atic 
Gravity V1acOlllty, Vi.cosity, 

't~r- at cp, at. e,. at 
ou a~~ 'temperature Temperature Temperature Iden~!.!'le.tlon· by Infrared 

!E.:.. Deceri;Etlon Shown ShO'om Sboltn S2!,ctr5!2h.otometr.t: 

pa.·arfinlc-baaed 40 0.8) 124" Ilt9- Pr1Jlarlly loag chain aliphatic 
lov-vilcodty 73 0.82 6.1 9·9 hydrocarbon vith le .. er aromatic 
cNie 011 lOC 0.81 5.5 6.8 constituentl and J 'ttle .arboxylate. 

2 :C6phthenl.-baled ItO 0.86 51.5- 59·9"" Mixture ot long chain a11mati ... ,d 
low-vbcoalty 73 0.85 13.4 15.6 aranatic hYdrocarbon., more araca+.!c 
cNi. 011 100 0.64 7.9 9.4 thaD 011 1. 

3 Napnthenl.-baled Zoo 0.85 ?0.9- 24.6- 6..,. AI ,,11 2. 
1ov-vllCGa! ty 73 0.65 8.6 10.4 
crud.e 01.' 100 0.64 6.6 7.9 

4 Dietel 011 (low ItO 0.85 ~.I" 6.7" Mixture or araratie .. olefinic, and 
vlsco:lty) 73 0.64 1t.7 5.6 aliphatic hydrocarbons, very little 

100 O.8l. 4.0 4.8 Or no lOI18 chain hydrocarbons. 

5 !oi:es.h! ~l fuel 011 40 t t Jlixture ot long .haln aliphatiC and 
(BUI'.er C) 73 71~,OOO 775,000 """"'"'tiC hydrocarbona. More 

(apprcx.j &llphatlc than &romtl •• 
100 091 23,000 25,275 

6 .... phalti. h~- 40 t 22,6<)000 23,505 f ,... Pr1lllar1ly &rOIIat!c hydroearbon$ vlth 
visco. I ty crUl1e 73 0.'11 3,530 3,639 I,""" aliphatic .0I1It! tuents. 
011 100 0.96 750 781 Evidence ot .arbooYl and 

carboxylate ."""tl tuents. 

7 wbe oil (30-vt 40 t 1,4WH 1,573- Mixture ot loag chain allphati. GIld 
::otor oU) 73 0.69 283 318 arco>atic ...... Utuent •. 

100 0.88 113 128 

• Su Appe>dix G tor Infrared spectn • 
.. Vllcosity V&lues obtained at 40:- are not conddered to be reUable due to ""steady Itat. ot te::penture. The 40 F .due. are 

theretore not used in plate 1. 
t 'Ibll 011 too viscous tor clet~r:1."l&t1on 0: this value at thb tarl"'rature ~Ith equipoent being used. 

Ta~le 4 

Volatile Lo .. -T1:oe Relat1~hlE. ~.Jr Olla Under Varloua CODd1tlons 

011 Att.~ 

!!2.:. -r- -L -L ..&. ~ 

'i3;. 1 F. an 5~ 
1 9.2 13.6 15.3 17.0 18.7 20.0 ~.7 25.4 27.1 30.6 
2 9.3 10.8 12.C 13.3 1~·3 15.4 18.4 21.2 22.6 25·5 
3 ll.l. 13.1 !~.9 16.3 17.6 18.7 22.9 25·1 ~6.5 30.2 
~ 1.8 2.3 3·5 ~.5 6.> 7.6 16.2 23·2 28.6 39·2 
5 ~.O 0.0 0.0 0.1 ~.1 0.1 0.1 C·3 0,', c.6 
6 0.4 0.10 O.e 1.1 1.3 \.5 2.6 3.· 4.0 5.5 

73:,lF,RH~ 

1 ll.:> 16.0 16.8 17.4 16.8 17.9 20.8 23. 4 25.1 28.3 
2 8.3 10.3 n.5 12.7 13.9 14.9 1;.9 18.4 
3 10.8 13.3 14.7 16.4 17·5 18.3 21.2 "3·5 25.3 27.9 
4 1.2 2.5 3·~ 4.3 5.7 6.8 13.2 33·5 
5 0.0 0.0 0.0 0.0 0.0 0.0 o.~ 0.0 0.0 0.0 
6 0·3 0.3 0.3 0.5 0.8 1.0 2.0 3.0 3.6 4.8 

100 E, !!!I §!li 

1 28·3 31.6 34 36.0 
2 26.2 29.3 31 32.2 
3 ZZ.9 34.8 37 37.0 
10 45.2 59.~ 70 72.0 
6 8.0 8.2 10 
7 1.8 1.8 1.8 2.0 

1~ '. RII ~ 
1 48.3 54.8 60.7 
2 42.4 48.10 48.'1 

" 96.2 100 100 
6 15.9 .7.1 22.5 
7 0.0 O.C 1.6 

210 f in rorcl:d-a1r o-R!Jl 

1 51·5 54.1< 64.8 81.5 81.5 61.5 
2 1.l!.0 :>C.\) ~.3 65." 68.1 71.6 
4 100.0 
6 14.4 16.10 20.6 27.0 27.(' 31.1 
7 2.0 3.8 2.7 5.0 ~.O 6.7 
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-12 Clay 

TobIe 6 

!:lort-Teon: Opth:u;1I ell .R.~t1M FoUnt-tal (":p!Mix A ':'ut Mf'thod) 

6h:SM Ratio (67 Vd&'lt). 
Atur 18 hr at 7} F 

C.l 011 Oll 011 ... 1 
_ L _2_ ...L _~_ -t.._ 
I.AI. 2.16 2.1l I.BO 2.78 1.1~ 

0.<)1. 0.95 0.90 (I.~5 1.27 0.88 

1.22 1.~1 1.~0 3.3] 9.)8 ~.oo 

l.ll· 1.65 1.102 3.72 9.(19 2.13 

9.40 0.45 0.41 0.66 ".66 v.82 
0.54 0.41 0.37 O.~Y ?:X> 0.)8 

4.2~ 5.95 L.:>9 ~.93 14.68 7.50 

1.:>0 1.24 1.13 0.51 

1.23 c.98 0.3(· O.L:! 

1.63 1.11 

1·93 1.11 

oIl oS()( faUo (bY W(ltht). 
At"Ur l~ t.r at 73 r 

Material 011 eu on 011 on PI) 

"co__ ~at'rlpt1on _ 1 _ L ...L _4 __ (' _ 

_-13 San.1 0.21 0.21 0.22 0.22 0.;>9 O.lL 

-I~ Fly .. to 0.~2 O.L~ O.L~ O.~' 0.7'\ 0.~9 

-15 l1y a&h 0.35 0.33 o.!9 0.39 0.610 0.~2 

-16 San.1 0.15 0.16 0.15 0.17 0.27 O. \8 

-17 c-nt 0.78 0.6<) ('.510 O.SO ~.81 0.91 
by:>ro4» •• 

-18 Clay 0.16 C.~7 0.23 0.15 1.:>9 o.SO 

.19 S&M 0.16 0.17 0.17 0.17 0.2(. ('.18 

0.16 0.17 O.lf 0.1f. 0."" 0.18 

O.IL 0.15 "'.14 O.IL 0.23 0.15 

O.I~ 0.:6 0.17 0.16 v.31 c.18 

0.20 0.19 0.21 0.17 0.:>9 0.10 

Did not rf'tsln 011. 

Table 7 

Lcca-~_ OpU_ 0>1 I<et..nUcn I'o_tlal (#.,....slx A ·ut ... thod) 

.eatc-rlal oli :S5C Ratto (til Wdltht) at 13 F at AI! Shown 

l.n 1.n 1.73 1.73 1.73 1·73 1.73 2.36 2.31' 2.:>9 2.:>9 2.29 2.29 2.12 2.oS 2.oS 

0.98 0.96 0 96 v.9f 0.96 0.96 0.96 0.96 0.96 0.<)1. 0.92 0.92 0.92 0.92 

-7 Clay 

2.05 2.05 2.0'> 

0.60 0.40 0.)6 

-11 CI~ 1.2$ 1.21 1.19 1.19 1.17 1.16 1.12 1.27 1.2' 1.210 1.19 1.17 1.15 1.10 0.68 0.66 0.65 0.510 0.54 0·54 

0.20 020 0.20 :>.IQ 0.19 0.19 0.19 0.23 0.23 0.23 0.23 0.23 0.23 O.n (1.2", 0.21 0.21 0.21 0.21 0.20 C.IO 

-16 SaM 

0.4} 0.~3 0 •• ) 0.103 0.10 3 0.43 O.~3 0,'3 0.43 0.~3 0.103 0.43 0.~3 C .4? 0.45 0.45 0.45 

0.)4 0.)4 0.)4 0.)10 0.,. 0.)10 0 ~ O.IS 0.15 0.15 0.15 0.15 0.15 0.15 0.16 0.16 0.16 

-17 C .... nt 0.91 0.84 0.78 0.75 O'"d 0.73 0.73 0.8) 0.72 0.65 "65 0.65 0.f5 
b)p1'Od\.iC:t , 

-21 SaM 

-22 S&nd 

-23 Sa'" 

-) Clay 

-7 ':I.,. 

-Il C1AJ 

-16 _ 

0.1) 0.13 0.13 0.13 0.1) 0.13 0.1) 0.13 0.18 0.18 C.18 ).18 0.18 0.19 0.17 0.17 C.17 

0.16 0.16 0.16 (>.16 0.16 0.16 0.16 C.18 0.18 0.18 0.18 0.18 0.19 0.18 0.16 0.16 0.16 

0.21 0.21 0.21 0.20 0.20 0.20 0.20 0.21 0.21 0.21 0.21 0 21 0.21 0.21 0.17 0.17 0.17 

0.37 0·37 0.37 0.30' 0.)0 0.27 0.27 0.19 O.l~ ~.1~ ... 
v ...... O.IS O.le 0.18 

-17 c...nt ~.CJ) 6.00 f..CO ~.~2 3.09 1.73 1.73 1.24 I."" 1.17 1.03 ;:.8) 0.70 ~.75 
b)'p1'041;ot 

o.~ O.~ 0.21. O.~; 0.21 0.20 02'0 o.U. O"l~ l).1~ O.l~ O.l~ O.~t, 0.11. 

~·35 0·3~ 0.30' O.M 0.27 (,26 0.2/ O.IQ ~.1" 0.19 C.IS :.IS C.l~ 0.18 

40 

0.~5 0,'5 0 ~5 

~.16 0.1(. 0.,· 
90 O.9'J 0.'0 

0.17 0.17 0 17 

~: .... 0.16 0 1f 

0.16 O.:~ 0.12 



on 
·11" 

l:,.t~r~Al ~1e)cr.("3$ 

.......:..2..:. DesC'rlption --l.2..:...-

0.:l5 

0.10 

0.1'· 

0.10 

O.l~ 

0.05 

0.20 

0.1)$ 

C.I0 

0.15 

3'";a1-11 ':h.y 0.01 

0.10 

0·)5 

0·05 

.1.10 

0.15 

j:JI-17 Ce:-.ent. C 01 
bYFrodue~ 

O.~ 

C.IO 

:~-2c ltld .~.01 

c.os 

:' .10 

C.llt. 

nhle 8 

0.!.2 0.3£ C·'93 0.2! 0.55 0.,8 "..l1.f.r1,1 dId not 
venetnte into 

0·97 :.00 1.1" 0."/2 u.ea 1.14 u.~ ,10loll on 

0.4<; 0.'0 OJ'" O.7e 0.71 0.69 0.60 0.59 0.57 

oJ7 0.f7 O.tl 

1.12 1.96 2.01 

0.~5 0.£:$ o.~~ 0.21 0.76 0.65 

~.95 0.91 o.';)e 0.62 0.93 0.88 0.5, 0.60 0.67 

o.;E 0.91 0·9"7 1.1) 0.93 0.98 0.73 0.61 0."0 

0.73 0.9"2 c.82 

0.13 0.11 0.12 0.17 0.16 0.13 0.20 0.2! O.l~ 

0.19 0.2; 0.15 0·33 C.29 {'.lC 0.31- O.:?:" 0.2'1, 0.60 t).3f 0/2 

0.80 0.61 0.55 o.~ C.~3 (, :." 0.1.8 0.7l. 0.61 

0.9£ 0.71 0·56 0.72 0.~3 0.63 0.52 0.", 0.~7 

0.;0 0.63 O.~9 

0·52 0.27 0.22 o.n (,.5~ 0.70 

0.41 0.63 0.67 0.',3 ".1" •. 68 O.~.7 0.71 0.'32 

'\,(J. 1.2' 1.10 

~.4terle.l d!:! :- ..... 
pe'r.etn~ 1r.~:> 
('In 

"~\.eril.l ::!~:! not 
p<-~t:!l1.C2 !:;to 
-" 

£,x-.,s;h"4!' ~:1 :,e~",.:,,~ oeC"'..:r.""'t"d .r1t.~1~ .:5 =!r.rt~s .. r~r ~Jt • 
.... !d, ~et sir.f., I:nC".&. ~!.l (90)) tOo De~t. ~1:.1 ... .=: ~'i~~~~t ~or t·~l .. te'.It.. 

hJ. 

0./4' O.7~ O.S';I' 

!.l"· o.~ 

0.;0 0:' ".3' 

0.~3 0.29 c.:>-~ 

0.52 0.3(· 0.25 

0 .. 91 O.4i o.S, 

1.~S. \.0:. 1.10 

l.w l.:-~· l.~ 

--'}>-.-



Tab •• 9 

CO:lb1".tion ) 11 Effect Of i' ---Co:oI>1n&U"'" III Effeot or 

HIlt.r1al 2!!.12:. ISter1al ~ 

7 

SGI-; lelay) 

5a1.-13 \ •• ,:,d l 

7 

!is 

!is 

!is 

II 

" " 

I-:S 

r. 

x 

r. 

li 

!is 

" ,. 
!is 

IlS 

II 

~-17 (c..,.,r.t 
h;,1>roduct) 

Sot.: (1) ~ta f'r<'" the 26 c:cc!!l:lnat1on •• 10' .. .1 "~r. te.te<l fOI .1gn1f1ar",e. 
{2j S • sir ... !'icant £t ~ ccn!'14e:\Ce" 1ev,,1. 
q} l!S E !'~ghly s1gn1nc"nt--s1gn1f1"""~ at ~ (~::nd."-~ level. 
{~: !( • "lOt. s1p.lri ... lnt. 

':'atle- \~ 

2 

7 

2 

7 

'[:!!::l:.'r~~ rrr1:if'ncY (Amn.1~ B ':'est ~thod) 

--'~. ~~pU":: 

:;0)\-1 ~r1~(' 0.23 

0.61 

-3 "'lll.v 0.29 

Talc 

0.6; 

,=-.c,'." 'l~" fl.?I' 

, ~~''!'''=!T't'' (!It! l"'1'!~.s,: ~<C!'"_~ ,,-it.:-;!:-: 1; c!n .. r:'~f tt::'.t.. 
'):A ::ct. "\lrJr _ ....... ....:..::h ..1!: C<;-!.t{) !.c ~et zu:"-:"'~ ~~:,h"{'Q': ~t !or t.~~s ~~rt. 

If 

If 

If 

II 

II 

0·29 

O·'i1 o 

0.39 O.l4 

o.~ 0.7:' 

-: ..... ,,~ ;::,,"":.~r:.5.:': t:!r ~'!:.:. r .. ·l .. "s~ "").·~t' ::11 1n :.::. ~ •• , t.m. ~e .. (" .:.c...., .. !df"re.:b:(' 011 ~1~a.:-r d:\lrln.g !'i:,t. day. 
t~t ~.:, ll..; 

S 

HS 

HS 

!os 

s 

o.~ 0.37 

LOOt O.)J 

-. 
~ 

--,:; 



I6ltn1&l 011 
~_ ~r1pU"" ~ 

SCIoI-ll 

SCt+l3 

~l 

SCtI-ll 

S(1o(-l3 

SCtC-14 

~-n 

SQ!-7 

sc:.c-13 

SCl!-7 

SW-13 

SCM-ll 

S«o/-13 
S-'lI-17 

Barite 

Clay 

Clay 

So.."ld 

fly ,.sh 

Ce:oent 
bYl'rod.·oCt 

So..-.:I 

Clay 

Cl .. :; 

Sand. 

l-'l~' as~ 

~ .... 
So..">! 

t:"~r.t. 

~ro.."1:.:t 

2 

2 

2 

2 

2 

2 

(, 

6 

').78 
0·31 

0.92 
0.65 
0.81 

0·33 
C.il 

C.92 

0.::0> 

0.16 

0.10 

0.1.; 

J.49 

0.59 

---

Table 11 

!"y-,£".,.. B1nk1n4; EtN.e1enq 

0.16 

O.(;f) 

0.78 

0.30 

0.28 

0.15 

v.oil 

-::.011(" 12 

0.9_ 
0.62 

o.So 
O. '.2 

o.u, 
0.92 

O.V 

C·3; 

0.78 

0.30 

0·92 
O.o>.? 

078 
(>.32 
0.66 

0.26 

0.16 
.).08 

----------------

0 .. 78 

0.16 

O.or: 

0.32 
0.30 

0.:33 

0.7!i 

0.26 

0.16 

0.05 

C·33 

c.3" 
0.27 

P~.$Ult.~ cr ~"!".a::.1c Rt'·.~nt1cm CIlpel:111!:y 1'ett: !r.c:lu!!na Co:;!rl::cn or 'i'e;:t. Rer..t!t.a: 

Dj,...a::1c "'~~.:s St_tic t1.eter.t.ir-n C_j'!bl11tv 

------------ -------:Op":=.~,----c_::-:-l-:F:-.·:-_.-::t.:-,-on FDt.nU. 

\(at.f"rl~l 

2~ Z)e:C'r\pt.1o.~ 

SCM-li CC'.lt::'~ 

b)..,~"ot 

~:l Cl&jl' 

~l: Clio)" 

~l: Cloy 

~-!: ~:'·Y 

A.ver~'!' 
F!.u.! 

~ 11 \o'eo:..C""t ~y 
!40. ~_ 

T"!'rts fStlS.·1C) 
C.H:~ R~t!o (I>": •• I.g~~l:1~.~)_== 

A:: ~..e.r1. M"'ter A!'t.cr Atte:- A!"ter 
~ l..!lr ~ l.k. ~ 

:!~ s.!UX! 1.2: 

N~ u.n::! ~ .. :n 

-------------.--------

~~c: Rett'm;1on Cc.;>abillt:­
-: .. t. !:J)-no::1c) 

~1·.: SQ4 !\.t.1!l (by ~. ~:'t. ) _ 
At ~:'''\r':. ":tf'r Arter A&r At"t.~: 
~ .U!:'_ !l!!...L:!:- ~ 

O .. 7~ 

1.<'7 

::.2<: 
1 .. 00 

:.27 

, -•• 4:./ 

1.C~ 

1.(9 

O.If:' 

1.6$ 1.63 

C .. ~? ~.9? 

0.:>9 0·£9 

0·99 0.911 

".20 (".:>-J 

o.~ 

:.01 0.99 O.~ 

1.08 1 .06 1.0<; 

l.Ol ~.9C- c .. 9S 
1.0: D. -y, O.Y 

0 .. Si' 
o.~ 

(1·93 
O.-'<l 
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':'abl ... 13 

RelAtiv~ Errect1venes~ <>f 23 K:trr1alt: ~ !\.eta1n1r:g Oil I'hlle Suburaed--

ls..hr 'i'e8~ for ~t= Oil 'l~!'ellt1on f2t~!ltlal 

IIW!>e_£!£!!,Rating* 
with With 

Paraff1nJ~-F~sed !~~~hen1c-Based With With All S1 
I.o"-V1sco~ay !In/!''V1 IOcos1 ty 'ci';!>. High-Visccs\ty >11th on 'I)-pes 

R~te:"ial Cru:!e 011 CruUe Oil ['if's"l 01? Crlc!.c 011 Lube Oil (0115 !. 2} 

~- ~~cr1pt1c:l :011 1} (011= 2 ""~_ .J.Q!.1 4) (Oil 6) ,{Q1! 'i) 3. ~! O. 7 

3O!-!-1~ A~bestcs : J. 1 1 1 
so).!·8 Asbestos ? 2 1 2 2 2 
9;))1 ... 5 Talc 5 ~ 2 5 5 3 
8<\+-:' Ta...:'c 7 6 3 4 4 4 
Wo-!-l Barite ~ L 5 9 6 <; 

SCtJ.-1.7 Ce=nt 10 10 6 7 9 6 
l;)yprO'1u~t 

S.:!-l' Clay 8 7 ~ 12 7.5 7 
sw.-l~ Clay 6 9 13 1! 7 ~ e 
S?~; Cl~ $ 8 11 14 10 9 
s:rl-.? Cr.3.H: !~ 11 10 6 13 10 

SUoI-6 Talc 11. 13 7 8 11 11 
sc,i-!-7 Clay ,. 14 " 10 15 12 .-
-<»1-14 Fly as!: 12 1" le:: 15 14 13 
SO!o!-15 Fly 'Ish 15 15 l~ 16 15 1', 
SCM-,8 Clay 18 16 ?l 13 )" 15 

S(l.I-13 :"r.r.. 16 17 17 18.; 22 16 
Wo-!-23 ~~ 17 .p 

L- 17 18.5 2' 17 
~1' ... ~2 :oar.d 20 20.::' F.-.5 17 18.·~ 18 
SCM-19 Sand 20 19 11 22 1-'3.5 19 
~l-20 SaJ::1 20 20.5 19·5 20.5 18.5 20 
SOM-16 53..1<1 22 2Z 17 20.5 18.5 21 
SCtJ.-ai. San:! 2"3 ?3 Z2 23 21 22 
s::M-9 A.l'utos 3 3 ?1 ~ 3 23** 

• Ratir.~ 01 1 lrAlCAtc:: the b,,_ ~ cateri .. l :'or that oil ..m 23 ... h" worst =tcrial. Actuel test d'lU are given 
in tab1 .. 6. 
:lid .:ut 1 et...ln oH ". 

Table 11. 

R~lAt1ve Er!"~ct1\·~nes.c c!' 23 !I.at'('!"'ials in Sir.>:.irfi 011j Short-'l'e%:l Tc.sts 

:-.t 60 F, 01!. 'rt.ickness ('1 0.25 in. 

8\"""rica! Rat!::5-
~,:rr;--:.o~ .. ~1th Low- ·..:!.t~ rugh-
'l1sco~ay ';1s<:oslty ~ .. t~ Viscosity With 

_~~rlal. Cr.:de C!l Crude Oil !l!esc1 Oil Crude Gil Lube !)it 
~ :~s~rlEt~a.~ (011 u.. ~Oil 2} {(In "l (~il 6}_ iill 7} 

s..~15 F1yash 9 7.'; 9 1 5 
s:l!H!:: Oand 10 9 10 ~ 6 
<;CH-13 San:1 II 11 12 i: '7 
SCN-1 ~:"k 1 3 2 1,·· 1 
sn'-1<! Clay 4 5 6 17" 2 

~14 fly ;.s~ 6 (; 3 17·· 3 
~"'3 Claj .; I. S )7·· 4 
~16 Ssr.d 12 18·· II :I Ii 
5'l+o1". Ct:.:.eT.t S 1 l. i7·" 10-· 

bnt )d.ue: 

~ll Clay 2 2 5 17·" 1: ... 

s.~ ralc 7 10 7 17·· 20.,'· 
SJM..7 C'.av 8 7 .. ~ .. ll .... '- 8- 14" 
SCM-20 S:r..1 1:. H,'- 15"· ~. > 
SCH-19 Sa:>:! l3 !7'· 17~ 5 1i" 
~""21 S>z:::l IS·· 1<~· :'5"· f '"E-•• 

'W-Z~ s.a. ... .:! 19·· 19'" :r.-. 7 15'· 
s........w. ":'a.\.: ::1.)· .... 2i.C;'· 17·· 20 .r:.. •• ., 
S~lH-' "s~e~..cs 1~· ~2·· 13** 17·· 12--
50.;"15 Clay li-- ",14."'. 1&·· 10·" 13 .. 

~~ ... 2 Cl'k,lk 1£"4- 13·· lb· .. 17-· 20.0;" 
S~·t,. -:,,1,... 21.5" :?l.S·· 2i."~ , ..... 2O.S·· -I 

S:1+-" "~b<,~t.u:: 2l.~.' 21.,·' 21·· :7·· 20.5·· 
!,,~ Asb<!s*..os 2j.r. .... 21 S·· 2" : .. :'7·· ro.S"' 

• l'~t!r.g 1f 1 1:x11ea~t's ~l}(, \>"'ll. cat .. .,.1,,1 fOT that on: ~I'~ table 10 f'nr actwo.: t<-<t data . 
... nld no~ yt"r!'o:":D. ~t.!=fr..~.or!l)" vith t.his 01) 

!lczt ':;ti ... ~c~ for s1n):~r~ sll 01 t.s • t • .to.i \ t.c!pt'T&WrI' ,~ :-11 tl.iclC:eat.. 

With 1"11 five 
011 TYPes 

(Oils 1. 2, 
I., 6 2 'n 

1 
2 
~ 
lot 
S1 
t: t 

7: 
8t 
9t 

lv' 
11t 
12t 
13 t 
1,:' t 
1;1 

161 
l'lt 
18t 
19t 

20t 
.2t 
221 
22t 



I 
i 
I 
I 
I 
f 

! 
I 
i 
I 

I , 

-------- ------- - . 

Table 15 

Rp.1ative wng-Term Effectiveness of 11 Material s in Retair.ing Oil Wbile 

Submerged--7-Day TestE for Qpt~um Oil R~tentlon Poteptial 

Numeri~a1 Rati~s* 
With Hith >,lith All 

Paraffinic- Napht~,enlc- Five Oil 
Based ww- BasEd ww- With WHh F.igh- Types 
Viscosity Viscosit.y Diesel Viscosity With (Oils 1, 

t·1ateria1 Cn;..1e Oil Crude Oil Oil Crude Oil Lube Oil 2- 4, 
~ DescriEtion {Oil n {On 2~ - {0i) 4~ {Oil 6~ {eil 7} _6.JL. 
SOI·l-1 Barite 1 1 1 1 1 1 

SOI·1-11 Clay 2 ~ 3 2.:- 2 2 

S()l\;-17 Ceme.1t 4 4 2 4 3 3 
byproduct 

S0I-1-3 Clay 3 3 6 ) 4 I; 

S.:M-7 C::.ay 5 6 4 2.5 6 5 
SO:·I-l4 Fly ash 6 5 5 6 5 6 

SIl-!-13 3and 9 7 7 6.5 10 7 
SCM-16 Sal!d 7 11 9·5 8.5 7.5 8 

SOM-23 Sand 8 8 11 '7 II 9 
~I-!-22 Sand 10 9·5 9·5 10 7.5 10 

Sm·!-2l Sand 11 9·5 8 11 9 11 

* Actual test iata given in table 7. Ratinp. of 1 indi~ates best material, rati"lg ~f 
11 indicates ~rst material in this group. 

Taol.e 16 

Relative Effectivene!;s of Nine Materials in Sinking Oili Sht· .. ·t.-Tenn 

Tests at Three Te~eratures end Three Oil Thick:.~sses 

Numerical Ratir~lt 
With w .. - With Low- ~ith With High- With All Five 
Viscosity Viscosii..y Diesel Viscosity With .)11. 'Q:pe s 

?-1ateria1 Crude Oil Crude Oil Oil Crude Oil Lui-e ,)11 (Oils 1, 2, 
~ Description (Oil 1) (Oi!. 2} (oil 4, {Oil 6) (011 7) 4, t:. 7) - v, 

SQi.1-22 Sand 6 6 7 1 1..5 1 

SCl-!-13 S~'1d 7 
., 8- 2 1.5 2t I 

5(7.01-], Barite 1 2 2 6- 3- 3t 
SOM-ll Clay :2 1 4 6- 7- '·t 

Sct-!-17 Cement 5 3 3 oH- t ... 5t 
byproduct 

SOM-3 Clay 3.5 4 5 6- "'** .' 6t 
SOM-14 Fly a<;h 3.5 5 6 6- 4- 7t 
3ctol-4 Talc 

8
c

-
'.1 8::-

'" 1 6- 8.5H at 

SOM-B Asbestos 8.5** 8/:.po. 
.~ 9- 6- 8.:;'" .,. 9t 

---... Te~t data siven in table 8; rating cf 1 is best. -Did not per~or7. satisfactorily 'With ~his oil. 
t Not satisfactory for sinY~ng all 0115 at all three te:nperatures. 

45 



~fillic-Based 
u:>w-Viscosity 

~rio.l Crude Oil 
No. ~cript.ion ( Oll.l:) ..... ~_ 

SOM-l Barite 4 
SOM-3 Clay 2 
SOM_l, Talc 
SOM-ll Clay 1 
SOM-13 Sand 7 

t~ SOM-lll Fly ash 5 (j\ 

SOM-l7 Cement 3 
byproduct 

SOM-22 Sand 6 

SOM-~ Talc 3 
SOM-'! Clay 2 
SOlvt-12 Clay 1 
SOM-l5 Fly as&-! 6 
SOM-16 Sand 7 
SOM-19 Sand 4 
SOM-20 Sand 5 
SOM-21 Sand 
SOM-23 Sand 

1(- Rank of 1 is best. 

Ta'ble ]7 

D~-A~lication Sinkinei Asents 

Orerall Final Raru':1ns* with Oil ()r Oils Shown 
Naphthe~ic-Based 

u:>w-ViRcosity High-Viscosity 
Crude Oil Diesel Oil Crude Oil 

(01152 and_3L (Oil 41 _(Oil 6) 

All-Season Sinki~ents 

4 5 
2 3 

2 
1 1 
7 1 
5 6 
3 I~ 

6 '7 2 

Provisional Sinki~ Asents 

3.5 2 
2 
1 1 
3.5 3 3 

4 4 
1 

2 
5 

All Six Oil 
Types 

Lube Oil (Oils l~ 2, 
(Oil 7L 3,.4, 9.:1.']J 

1 

2 1 

1 
3 1 
4 

2 f 
"~'I 
~i' 'I 
"I 

~·JI 
, I' ,l , 

, l 
"'l , 

J 
,,1 

, ,I 

1 
I,' ~ 

I, 
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I 
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I 
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20,000,000 
10,000,000 " 

;-
:S,II00,ooO 

2.000,000 

1,000,000 

500,000 

~ 
'\. 

l\ 
"\ 

200,000 

100,000 

~ 

~ .... 
50,000 

20,000 

10,000 

~,~OO 

3,000 

.... 

~ \ 

'" '\. 
~ '\ 
.~ 

" 2,000 

1,000 

500 

h . .'\. 
~ '" ~ 

........ 

3':1 

ZOO 

150 

100 

15 

"-,.. 

" t-.. .. 
" , i'.. 

"'" 
50 

~O 

30 

20 
~ 

IS ..... ~ 

10 

t 

8 

7 

~ 
........ 

~ I ~ 
..........: ....... 01 

, 'X .............. ... 
~ ~ 

6 ---- ....... ............. 

:s 
~ 

t-!.... ;- :--- .-
I 

20 ~o t.O 80 100 120 I~O 160 180 
TEWPEoATURE, DECREES FAHRENHEIT 

NOTE: "N INCREASE IN TEMPEI':ATURE CAUSES 
A D~CAEASE IN VISCOSITY. 
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30 

.. 25 I .. qr-~ 140 -==l 
Z 
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U 
a: 
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Scope 

APPENDIX A 

PROPOSED l.fETHOD OF TEST FOR DETERMINATION OF 
OPTIMUM OIL RETENTION POTENTlAL OF SINKING 

AGENTS on SORBENTS FOR 0IL 

1. This proposed method of test covers procedures fOl determining the 

optimum oil retention potential of a sinking agent or sorbent, which is an 

index of the ability of a material to retain sorbed oil when submerged. A 

sinking agenc for oil is defined as a material that, when applied to float­

ing oil, sorbs (adsorbs and/or absorbs) oil and sinks ~th the oil, thus 

removing oil from the surface. A sorbent f.:>r oil is a material that, when 

applied to floating oil, sorbs (ads.:>rbs and/or absorbs) oil but does not 

sink; oil and sorbent both remain on the surface. Optimum oil retention po­

tential is the optimum capacity of an oil-sinking agent or oil-sorbent mix­

ture to retain oil while submerged. It i& expressed by the oE:SOM ratio 

(oil:sinking ag~nt or oil:sorbent ratio) used. 

Apparatus 

2. The testing apparatus shall consist of the foll(lwing: 

a. 250-ml Erlenmeyer flask with ground joint. 

b. 25-ml graduat~d cylinde::- with gr')und joint (units ~ and :£ to be 
used as indicated in fig. AI). 

c. 400-rel beaker. 

d. Variable-frequency vibrating table. 

e. Belance sensitive to 0.01 g. 

f. Burrell shaker • 

.&. 10-ml hypodermic syringe and needle (gage of needle should be 
determined so as to allow for easy but controlled flow of the 
particular grade (If oil to be used). 

h. Glass stirring rod. 

i. Small-diameter plastic or rubber hose. 

~. Funnel (small). 

k. Vacuum apparatus (see fig. A2). 

1. Rubber stopper for E~len.."!eyer flask. 

Materials 

3. Materials used in this method are: 

Alb 
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a. Test material (sinking agent or sorbent). 

b. Oil (30 IS)' 

c. ASTM substitute oce~l water (ASTM designation: D-ll4l, Section 
4; or distille1 ~ater. 

d. Surfactant-Is,- 1 265 (Johnson-March Corp., Philadelphia, 
Penn~-y1 vania). 

~. Fetrole~ jelly. 

Procedure 

4. Method A (for sir~ing agents): 

a. The inside of each flask and graduated cylinder (fig. AI) t )f 

used Ehould be coatpd with a solution of one part Isomal / 
mixed with ten parts of water {by volume). After coating, the 
glassware should be oven dried at approximatel:,- 175 F for at 
least ~ hr. This treat:nent m.i..~imi Zf:S the tendency of the sur­
facing oil -co adhere to the sides of the flask and cylinder and 
thus reduces the degree of inaccuracy of the test resul~s. Al­
low glassware to cool to 73 F. 

b. Weign the flask to nearest 0.01 g (cylinder removed), add the 
SOM, and rew~i&~ the flask. The final weight minus the initial 
weight ... ill :ndicate the weight of SOf.1 being used. The propor­
tions of oil to SOM required to yield approximately 10 cc of 
~ree oil should be used. This volume of free oil is needed to 
allow for test variation witr,in the range of volume of free oil 
released. Thirty grllmS of oil should be used ill eacn test. A 
preliminhlj' screening test to indicate the weight of a given SaM 
suitable for usc with 30 g of a given oil can be made by placing 
30 g of the oU in a 400-ml beaker, adding SO~1 to the oil from a 
preweighed container until the oil-SOM mass starts to thicken, 
lose gloss, or become visccus. At this point the mass should be 
stirred, water should be added, and the mass stirred an addi­
tional 30 sec. After the mixture stands for 10 to 15 min, the 
extent of surface oil will in~icate wheth~r too much or too 
Ii ttle SOM has been use1. The w~ight of Sm1 used can be de­
t~r.nined by difference in the initial and final weighings of 
the container plus SOH. Additional screening tests with nec­
essary adjustments should be conducted which will mir,imize work 
and tjme required to 0btain the tes~ results. 

c. Add t~e 30 g of oil to the l~~k. Thi£ step may be simplified 
by use of thE: hypod~rmic syrinere which will mj,lirr.ize the amount 
of oil brought intc contact wi til the sides of the f1.ask during 
this step of the operation. Th~ balance may b~ used to indicate 
the point at whjch the required weight of oil has beep added. 

£.. Use a rubber stopper to seal the flask and shake for 15 min with 
a Burrell shaker, adjusting the motion of the shaker as neces­
sary to obtaiil goorl distribution at" oil t~roughout <:~e SOM. 
Several flasks ma.y be shalcen si.r..'.lltaneously, depending upon the 

/1.2 



.!. 

capacity of the individual shaker. In any event, if test M­

sults are to be comparable, each test (01' 5et of testsj must be 
perfo?med under ta~ same conditions. If n~~essarJ, the con~~nr.s 
of each flask ~ be stirred to ensu-re tha'c all portions of the 
SOM have been bro~ght into ';ontact vi th the oi 1. Tnis wi: 1 be 
particularly necessary when the lDl)rp. visccus oils E':.::-e beiag 
eYaluated. Care should be -taken, however, t·o pr~ve~t any un­
~ecessary contact between the oil-SOM mass a~d the uppermost 
sides of the flask. 

Apply 3O-in. mercury ...-acuum (fi g. A2) nntil su~h ti:ne as there 
is no loss in vacU1W over a 5-min period of ti~. 

f. All::>", flask 'to stand !'or a period of time such tha~ the total 
time ela.psed in steps ~ and ! is 1 hr. 

~. Vibrate the stoppered flcsk for 30 min, adjusting the frequency 
of the vibrating table as n~<.'essary. :everal flasks .!8n be vi­
brated simul te.neotlsly; hovever, the vib!'atory motion (.f the 
table will have to be adJuste~ in order to aCGommodate the ad­
ditional weight. It i~ emphasized, howeve::-, that if test re­
sults are to oe compa.rable all t~sts mR~t be performed under 
the same ::ondi tions . Tnis step is particul'3.rly important in 
that it results in release of the free oil which is entreppo1 
between ~olid particles ~~d is not a<.'tually sorbed (absorbed 
ond/or adsorb(1). This consolidation process improves the 
reproducibility of test results, par~icularly f0r the coarser 
tla~:~rials • 

h. Remove stoppe::- and a~fix the graduated cylinder in the top of 
the flask. Toe quel:.ty of the f~al can be iMproved by eoating 
the grouna glass surfaces vi th petroleum jelly. 

i. AdJ enough ASTM sUbstitute ocean water to the flas~-cy1inder 
system to bring the free oil surface level to c~e O.O-ml roark. 
The vater should be added in such a manner as to m:nimiz~ dis­
turbance of the oil-S0M l!:8SS and minimize emulsifica!;io:l of tl:.z 
free oil. This c~~ be facilitated by using a flexible rubber 
or plaztic tube a.~d :runnel as illustrated in fig. A?:'. '1nis will 
nrl.nil!1ize the free-fali distance and disturbance. C..JJ.re must b~ 
exercised to prevent T,he lover er.d of the tube from coming into 
contact vith the rising li~uid surface~ since some of ~he ~il 
vould 'beC0JDe attached to thl': tube. 

J.. Determine, by use of the cylinder graduations, the volur.:e of 
free oil released. This mea.~urement should be made to i;he 
nearest 0.5 ml and sr.~ild include any sorbent vhjch in sus­
pended in the free ~il col~~. Since test method A is desi~ned 
to evaluate sinking agents, H is felt tljat thi s procedure would 
adequa"e)y penelize any materials vhi·.!h do not act fully as 
sinkinB 9.g~nT,s. These readings should be made 2 hr ~fter the 
addition of the vater and 18 hr after the addi~ion of the vater. 
Io mo~t instanc~s, vol~etric differe~ces between the 2- and 

A3 

J 



k. 

L 

------ --------, 

'!.8-l:r ref'.dings \."ill l-e negl::'gib~e. Howeve!', for certain mate­
rials, p~tic'llarly 'th~ expansive clays and some oils, the 
Iii fferences will be ~ubstc.l.;rtial. In t~ese cases: both read.ir.gs 
'i:1ould be ~'E'p~rted and thE' lS-~r reacin~ should be used to com­
f' ... te the optlmu.'ll oi.l re't.ention potential. 

ltIultinly t;-!€: v.)'.',l!r:etric mt-asu~ment. :>f oil in cubic centimet~rs 
b:-" th~ ~pedfic e;ravi ty of the oil uc'ed (determined at 73 F/ to 
yieJd th~ weight. ir. gr&"-:ls of !'ree .)il. Subtract this weight. 
from thE: oJ.'ig';'na1.. weIght C'f oil added i.o the flask to obtain, 
i. gramc;, i:.he weiJht i)f oil effec~ively sorbed and L'eta:'nt!d. 

Divide the WE'ight of oil adsf)r'!->-:d and/or absorbed oy the weight. 
of t~st mat~rial l~eQ to obtain the o~timum retention potential 
expresse:i as &'1. oil:SO;vl ratio, Any interesting or un' ~-_)Sll 
itf.:ffiS, suC'h :lS volume of floating sorbents, should bf' .. ")ted in 
the ~est results. TIlis test should be repeated at least three 
times for each inm v:. dual oil and te~t material used and the 
results averaged. 

5. t-1ethod B (for ?owdered materials}: 

a. Conduct test as described. in method A, parcgraphs ~ through ,8.­
'I'he a:nount of sorbent used (see ,aragraph !?,., method A) should, 
in the end, be such ;;hat no free oil and/or oil-sinker mass 
flo&ts to the surface upon addition of water to the flask. 
Several tests will probably be necessary to determine the orti­
mum weie;l1"~ ()f sorbent required. (It should be kept in mind 
that While illa'17 di fferent amounts of the same sorbent may be 
sufficient to retain the particular a~ount of oil used, the~e 
is a UQnlmum amount of sorbent which adequately ret~ins the oil. 
It is t0wara the det~rminatior. of this minimum weight of 
scrbent tha~ this test is directed.) 

b. Allow the entire systt!m to stand for 18 hr. Should, at any time 
during this lS-hr p€~iod, any appreciable volume (mo~e than a 
tra.ce) of free oil and/or oj.l-SQt.1 I4A.SS rise to the water sur­
face, ~epeat the test l~ing slightly less sorbent than was pre­
viously used. ConEr.ue testin,?; in t!1is manner until the veight 
of sorbent which wlll yield only a trace of free oil and/or 
oil-SOM mass on the water surface is deteT$ined and verified 
by at least two addi UOT.al t~sts, 

c. Divide the weight of oil u~ed by the minimluu weight of sorbent 
used (the m5 nimu.lJl weight whi ch wi 11 zatis factorily retain the 
oil in the bottom of the flask) to obtain t.he optimum potential 
expressed as an oil:Sot-l ratio. 
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APPENDIX B 

PROPOS!:D MEl'HOD OF TEST FOR EVALUATION OF THE 
SINKING 1'FFICIENCY OF SInKING AGENTS FOR OIL 

(DRY APPLICATION) 

1. l~lS proposed method of test co~er~ a procedure for evaluating the 

sinking efficiency vf sinking agents for oU. A sinkir.g agent for oil is a 

material th&t, when a~)plied to floating oil, sorbs (adsorbs and/or absorbs) 

oil a.'1cL sinks vi th thE! oil, thus remo~ing oi.1 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 -.reight) requl.,:"ed to sink at least 90% of the oil film which is at. 

the surface of an oil-vater mixture. A material ~hich does not sink oil, 

such as a sorbent, has no sinking efficiency and ::loes no:' meet the minimum 

requirement for this tesT .. 

. 2. Of the many different factors vhich contribute to the interacticn of 

all individu&l sinking agent with a particular oil, the most important are: 

(a) system te~ra~ure, (b) initial oil !jlm thickness, and (c) nature of 

oil film \fresh or weath~!red). All ('If these factors shot'~d be exa.rffined in 

order to adequately e'"'all.late the performance of varicus sinking agents :.r;;en 

USt:cl \lith various types of oils. 

A1:parat>lS 

3. The testing apparatus shall consist of the folloving: 

a. 3tirring rod. 

b. 4000-ml beaker (&riffin low f~rm> rJrex). 

£. Balance sensitive to 0.01 g. 

d. 10-cc hlPodermic 3yriuge and needle (gage of needle should be 
detenrined so as to allov for t <iSy but cont.rolled flow of the 
particular grade of oil to be u!:ed). 

e. De'rice fa!" controlling application of s .... nking agents (see 
fig. Bl). 

f. Variable-temperat°.rre vater bath or variable-temperature )'oom. 

a... Timitlg devic.e. 

, 



Materials 

4. Materials w:.ed are: 

a. Test material (sinking agep.t or sorbent). 

b. Oil. 

c. ASTI~ substitute ocean water (AS~ designation: D-114J, 
Section 4). 

d. Oil-soluble dye (fer use with .1ear:ty transparent oils). 

Procedures 

;. Test procedures are as lvllows: 

a. Brir.g cO~ronents of the test apparatus and test materials to 
equilibrium at the designated test temperature. This will best. 
be accoreplished with a variable-te~erature control room in 
which the entire testing operation can be performed. If 
desired, a w~ter bath c~. be used in conjunction with a 
vari~le-temperature room to perform tests at air temperatures 
somewhat aifi'erent from the fluid system temperature. 

b. Aed 2000 ml of water to the 4000-ml beaker. At this level, the 
CI"')ss-sectional area of the water surfa~e2in the standard 
Griffin low form Pyrex '!:>eaker is 194.8 cm. Weigh the beaker 
a~d water to the nearest 0.01 g. 

c. Add oil to the water surface, the volume (weight) of ~hich will 
be dictated by ~he particular oil film thi ckness desired, the 
type of oil used, and the system temperature at which the test 
is to . e perform::!d. The weight of oil req,uired ca.. be computed 
from the k~own surface area and the known density of the oil at 
the particular temperature of interest. If necessary, an 
oil-soluble dye can be used in conjunction with the oil to help 
eliltinate problems of visually determining wh~n the oil slick 
has been effectively sunk. Plac~ the beaker in position for 
application of the sinking agent through the application device 
( see fi g • Bl). 

g. Sprir~~le the sinking agent through the top of the sorbent appli­
c~tion f'..mnel. This apparatus ::'s designea simply to ensure 
that (1) all tests are conducted using the same free-fall 
di3tance (30 in.) for eacn S(;~f, a'1d (2) all SOH's applied 
actually fallon the fluid surface. 

The SOM should be applied ll.'1i formly and at a constant rate 
until barely enough ma.teri al has been applied to effecti vely 
sink 90 to 100% of thp. oil. The time elapsed during the actual 
application-sorption-sil~ing ope~ation sho.lid not exceed 10 min 
and shoald ~ot be less than 5 min. 

In all instances, some if not all of the oil-sinking agent 
mass will float until signifi~ "lt agitation is appJied. This 
can be accomplished by stirring tne 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 pha3e of the test procedure requires some experiecce 
and good judgment ?n the part of the test personnel in that, 
w~th ~st ~terials not sinking Qntil after vigorous agitation 
is B¥Flied, a decision must he made as to when barely enough 
mate~:~' has been applied to effectively sink 90 to 100% of the 
011. d the majority of cases, it can be safely assumed that 
this point has been reached when the fluid surface is no longer 
glossy as it is when appreciable free oil is present. Fig. B2 
illustrates these conditions. 

e. Sinki~g efficiency of the sinking agent used is, in each case, 
computEd by di\~ding the weight of oil sunk by the weight of 
the sinking agent required to sink the oil. The test should be 
conducted three times and the results of the three tests 
aycraged. Any pertinent observations such as oil release (see 
note) with time should be nuted with the test results. 

Note: If long-term oil release measure~nts are desired, a 
glass funnel with a graduated stem may be placed over the sunken 
oil-sinking agent mass and the volume of oil release may be 
measured for as long as dp.sired. 

B3 



Fig. BI. Device to aid in controlling 
application of sinking agents 



b. 

'. 

a. Amount of sip~ing agent insufficient for 
total sinking 

. ' 

Amount of si~~ing agent barely sufficient for 
total sinking 

?ig. B2. Typical appearance of oil-slick surfac~ 
after application of sinking agent 
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Scope 

APPE:iDIX C 

PROPOSED METHOD OF TEST FOR DETERi-HNATION 
OF DY1;AMIC RETENTION CAPABILITY OF 

SINKING AGENTS FOR OILS 

1. This proposed method of test co\rers a procedure for detennining the 

d3namic retention capability of a sinking agent for oil. Retention capabil­

ity is defined as the ability of the oil:sinking agent mass to retain its 

oil after sinking. Tnis is expresseG as the ratio of the weight of the oil 

retained to tr.e weight of sinking agent used. Dynamic retention capaullity 

is the retention capability determined under dynamic conditions, 1. e., the 

oil and sinking agent are placed on a moving water surface. A sinking agent 

for oil is defined as a material that, when applied to floating oil, sorbs 

(adsorbs and/or absorbs) oil and sinks wi th the oiL 

2. Factors which will affect the retention capabilities of the various 

sinking agents and the effects of which should be examined are: (a) fluid 

velocity and (b) bottom conditions (sand, mud, rock, etc.). 

Appar9.tus 

3. The testing apparatus shall consist of the following: 

a. Circular flow channel for simulation of current now (see 
fig. Cl). 

b. Current meter (see fig. C2). 

c. Variable-frequency vibrating table. 

d. Balance sensitive to 0.01 g. 

e. 400-ml beaker. 

f. 10-cc hypodermic syringe and needle (sage of needle should be 
determined so as to allow fer easy but controlled flow of the 
particular grade of oil to be used). 

g. Weighing pan (aluminum pie plate). 

~·1aterials 

4. Materials to be used are: 

a. Sir~ing agent. 

b. Oil. 

ASTM substitute ocean water (AST1-i designation: r-ll41, 
Section 4). 
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d. Fine glass wool. 

e. Bed material for botton 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. '£his bed ma1:erial should be clean enough 
to prevent contamination of the water as such will result in 
collection of impurjties along with the released oil. 1~is in 
turn wiD cause the calculated weight of oil released (based on 
volatile ] ossa·time relationships) to be too great. 

b. Add ASTM substitute ocean water to the flow cha~nel and allow 
the system to reach standard labo~atory temperature (i.e., 
73~2F). 

c. Begin actual fluid flow (mechanical rotation o~ the circular 
channel in this case) and allow the r:urrents 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 stabilizr- .on of velocity is reached can be 
determined with a current meter similar to the one pictured in 
fig. C2. After stabilization has been achieved, the velocity 
profile of the channel cross section should also be determined. 

d. Place known amounts of sinking agent and oil (at standard tem­
perature) in the 40D-ml bea~er, 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 dete~ined by the amount of oil that the particular 
sinking agent will adsorb and/or absorb. This ratio should 
have been previously obtained in the determination of the opti­
mum retention potential of the sip~ing agent. 

e. Place the beaker containing the sinking agent and oil on the 
vibrating table and vibrate for 45 min. The beaker should be 
cov~red appropriately during this operation. 

f. Allow covered beaker to stand at standard laboratol"'J tempera­
ture (13 ~ 2 F) until all components are in temperature equilib­
ri~. This standing time should not ~xceed 15 min. 

£. Add the known weight of sinking agent-oil mass to the moving 
channel. Any residue left in the beaker should be weighed, 
this weight to be proportioned according to the original 
weights of sinking agent and oil mixed, and then subtracted 
from these original weights to yield the actual weights of 
materials subjected to test. {Example: Assume that 100 g of 
siT'Jtir.g agent was mixed wi th 300 g of oil and that 10 g of 
oil-s1nking agent mass remained in the mixing container after 
the n~jority of the mass was added to the cha~nel. Tnen by 
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proportion of weights originalJ.y mixed, 7 g of sinking agent 
and 3 g of oil remained as residue in the container. ~herefore, 

693 g of sinking agent and 297 g of oil were added to the 
char.nel. ) 

Weights of oil released should be determined (according to step 
i) at points in time (with reference to initial immersion, i.e., 
~ddition of the oil-sinking agent mass to the channel) of 
t = O. 1, 2, 3, 12, and 24 hr, and t = 3, 7, 14, and 21 days. 
Som~ of the later release measurements may be eliminated, ob­
viously, if at some point it is observed that release is no 
longer occurring. 

Determination of the weight of free unweathered oil floating 
on the surface at any time should be accomplished by removing 
this free oil, using the fine glass wool, driving off volatile 
fractions at a temperature and for a period of t~me determined 
by the type of oil being exw~:led and by the volatile loss 
characteristics determined according to the "Proposed Procedure 
for De~ermination of Volatile Loss-Time Characteristics of Oil 
Retai.led on Glass Wool," and determining the weight of oil resi­
due lemaining after volatile evaporation. 

This \Teit91t of oil resi due should then be divided by a conver­
sion fb.~tor previously determined according to the "Proposed 
Procedure for Determination of Volatile Loss-Time Charact'~ris­
tics of Oil Retained on Glass Wool," this computation yielding 
the weight of free unweathered oil released since the time of 
the previous collection of surface oil. 

This weight of free unweathered oil collected should then be 
added to the weights of oil collected at the preceding times of 
removal. Thi.s total weight multiplied by 100 and then divided 
by tbe weight of oil placed in the channel as determined in 
step K of this test w~thod will represent the ~ight of free 
unweathered oil released over the period o~ time, t, ex­
pressed as a percenta~e of the weight of free unw~athered oil 
originally adsorbed ~d/or absorbed. Such time-release charac­
teristics for a specific sip_loring agent, oil, and fluid velocity 
can be represented in graphical form as indicated in fig. C3. 

The weight of oil retained is det~rmined by subtracting the 
total weight of oil collected (see paragraph ~ above) from the 
wejght of oil placed in the channel. 

The dynamic retention capability is then comput6d by dividing 
t~le weight of oil retained by the weight of sinking agent used. 
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Fig. Cl. Circular channel for simulating current flew 

Fig. C2. Current meter 
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APPENDIX l." PROPOSED PROCEDURE FOR 
DETERMINATION OF V'OJ ATILE LOSS­

TIME CHARACTERIS'"ilCS OF OIL 
RETAIN'\') ON GLASS WOOL 
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APPENDIX D 

PROPOSED PROCEDURE FOR r.h~MINATION OF 
VOLA'l'ILE LOSS-TIME CHARACTERISTICS OF 

OIL RETAINED ON GLASS WOOL 

1. This test is intended to be used for calibration purposes, the re­

sa Ging volatile loss-time relations to be used:. 1 the computation of the 

actual weights of unweathered free oil floating on n water surface. 

2. Tt.e basic premise underlying this procedure is: if one det~l"Illines, 

for a particular veigQt oil-vater-glass vool combination and evaporation 

temperature, the volatile loss-time relation after total evaporation of the 

water component at lov re~ative humidity, one can then use this relation 

to compuv~ the weight of unweathered free oil removed from a system by evap­

o~ating t~e volatiles from this removed oil (at the same temperature and 

for. the same evaporati_~ period), determi3irg the ~eight of the oil resiaue, 

and multiplying this -.teighi; by an appropriate factor based on the "calibra­

tion" test. 

3. The accuracy of this operation is highly dependent upon ~sing an 

evaporatbn period the length of which is great enougb to ensure complete 

evaporation o~ the vater component (usually less than 24 hr) and that the 

mathematical computations are based cn the relatively flat portion of the 

residual oil volatile loss-time curve. It is also important that the evap­

oration temperature used, for a particular oil, be high ent ugh so that equi­

librium (no appreciable loss) is reached in a realistic period of time, and 

at the same time lov enough ~o that enough residue is left to make reason­

ably accurate computations. In particular, diesel fuel must be treatea at 

somewhat lower temper~tures than those used for crude oils since total 

eva~oration of diesel ~~el will occur at the higher temperatures. Total 

evaporation vould yield no uset'lll data. Lov humidity en-rironment appreci­

ably decreases the time required for water evaporation, and thus system 

equilihrium. 

Apparatus 

!.. The apparatus used for this test are: 

a. Oven. 
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:Q.. Weighing pan (aluminum pie plate). 

c. Fbe glt>.ss wool. 

d. Large pan for containing water end oil film. 

e. Balance sensitive to 0.01 g. 

f. Desic.c( ';or. 

!·taterials 

5. Materials ~C"eC; ", the test are: 

a. Oil. 

R.. ASTM substitute oce·lll water. * 
c. Oil-soluble dye. 

Procedures 

6. Test procedures are as follovs: 

a. 

b. 

c. 

d. 

e. 

f. 

h. 

1. 

1· 

Allov all materials to stabilize at standard laboratory temper­
ature (73:!: 2 FJ. 
hdd ASTM substHute ocea:3 vater* to large pan. 

Determine tare veigh~ of aluminum pie plate' and glass vool to 
nearest 0.01 g. 

Place 10 g of fresh eil on the vater surface and allov signi fi­
cant dispersion to occur. 

Remove the frae oil from the vater surface by dragging the fine 
glass vool over the surface as illustrated in fig. Dl. 

Place all glass wool (contaminated and uncon'~aminated) in the 
veighing pan, veigh the system to the nearest 0.01 g, and place 
this unit in an oven or room (less than 30% relative humidity 
desirable ). 

Continue evaporation of volatiles at 100 F until equilibrium 
is essentially reached. The unit should be veighed at 24, 48, 
a~d 72 hr so that ar~ appreciable decrease in rate of evapo~a­
tion vill be obvious. Experience has indicated that evapore.­
'i.ion period5 of 24, 48~ c.nd 72 hr are normally adequate to ob­
tain a calioration curve. 

Anov the unitt') cool to B F at 50% relative humidity. 

Weigh the unit to the nearest 0.01 g. 

Subtract the tare veight (step c) n"om the total '_eight 
(step i) to yield the veight ')f-residual. 

k. Divide this weigtt by lO to obtain the number of grnrrs of resid­
ual yielded per gram of unweathered free oil. 

----------------------.----. 
* ASTM Lesignation: D1l41, S(~cl;ion 4 
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7. This test should be conducted three times recording residual 

weights at 24, 48, and 72 hr. The values determlm:,l in step ~ should be 

averaged to yield thp. conversion factor for each time increment which, when 

di vided l.nto the weight of residual determined in any future test, will 

yield the weight of unweathered free eil collected in that test. The three 

time intervals should be plotted so that a conversion factor can be ob­

tained fer 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 wmount of 

oil, a~ the oil-water relation will affect the rate of volatile evaporation 

from ~e oil during the first 24 hr. 



Fig. Dl. Removal of released oil from fluid surface 
by using glass wool 
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APPENDIX E: INFORMATION ON !:lIL SINKING 
MATERIALS SUPPLIED BY THE 

MANUFACTURERS 



~~ns~m~i~&~·bY~~~ ________________________ ~ _______ · ~----.----------~----------------

""ATER!~l IDENTIFICATION: S()!{~l 

£.HEMICAL-PHYSICAl PROPERTIES: 
CHEMICAL COMPOSITION: "arite .. ith 10 percent le.~ex rubber. 

sPECIFIC GRAVITY: 3.3 dec. Bul,.; density ao ncf. 
FLASH POINT: V~-/ high. 
ICC CLASS: 
VISCOSITY: Sol id po'o/'der. 
MISCIBILITY: Catpa.tible ' .. 1 ~h oi13; ::ot easi);.' wet by · .. ater. 
SOLVENT COMPATIBILITY: 1,0't applicahH" 
SHELF LIFE: Probably several year~. 

~OST: 6 to c cents per pound; pilot plant for production would have to ~e constructed. 

Ey ~~ufacturer ~ anply by any ~ethod that -.:i11 u.~ifor=ly s~read the ~aterial 
on t~e surfa~c cf ~he flcatir~ oi:. 

AV~IL_~~IJ!'1}'-= Z.uantity unli::rl.ted if treat.~ent plant constru~ted. 

USE RECOMMENDATIONS AND LIMITATIONS: Any-.. here oil ~an be sunk. 

Gtser:at.icr.s -:'Ul"in; tests c;;" ! 

.!.3 tG ::..: :b cf crud.!: cil rer 
c.~~si t.:;, :ess ... ·isccus oils. 

TOXI£!.TI: :;c:;to)(1::. 

!'a.c~urer indicat.ed ::.8.teric to ce :n::able o!'" $i:-.r.i:~f" 
po~= of =.a.'..cr-ial. !-!ate:"ia1 =-cre c:"'feC'~i·:e C~ :;. ..". ..... ~:" 
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"'~.!ERI~!:..'DENT~Q~; SOH-2 

£.H..EMICA:"-~HYSICAL PROPERTIES: 

CHEMICAL COMPOSITION: P.ydrophobic c.u.cill:! carbonate, ,,'l.rticie c:nclosed in Ii fil:n of fatty !lei:i 
(stearic acid about :i). 

SPECIFIC GRAVITY: 2.7· 
FLASH POINT: ::ot applicable. 
ICC CLASS: Standard. 
VISCOSITY: .ool1d 
MISCIBILITY: F.ydrophobic (nonsolutle in "'ater). 
SOLVENT COMPATIBILITY: Not applicable. 
SHELF LIFE: Inde:'ini te. 

~.QST: -$60.::0 per ton, FOB ::laJor po>:t cities (t'. S.). 

By :::anufacturer - spread on surface of sea ",,-,ter or oil spU:. iiea'.7 sea egi~a-
tion is desired. iioe agent that fal:!.: on the .ater .. ill !":leat unt::'l it coo:tacts 
oil. Cnce it contacts oil it co:;pou:lds ,-,no' r.ydrostatically s~nY.s. fOr:l'.ing o;r.-.a: 1 
stable patches en the sea bed. Reaction tir.-.c - de, ends on ratlo use1 '-'r.d S2a 
·1II''l.'ter c:.O'!e::ent or agit.ation. 

~.Ya!LABILlTY: ;; tons inventory in lie''; York City - nor:::al four ",eeks production rates unlimited. 

USE RECOMMENDATIONS AND LIMITATIONS, By :r.anufacturer - n 
fresh and weathere 
storage require=ent 

"1ded for open sea and bay for use on 
es and distillate fuels. !Io s~eial 

f' .... :cessary-. 

S!'!~~_~~tRIENCE: By 2!'lUfaoturer - 1ao~ ~ater:1 and fie:d "~erience as '.;ell r..s experience i:. t .. e : ,:-.?i:':" 
CA:iYCF.; inCident - 4COO tons used. 
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t.!~ERIAL IDENTIFICATIQfi! SQM-3 

£.~MICAL-PHYSIt;AL PROPERTIES.; 

CHEMICAL COMPOSITION: l~ calcinated clay. 

SPECIFIC GRAVITY: Densit·· 35 pef. 
F'.ASH POINT: ,{one 
fCC CLASS: Calcinated ~lay. 
VISCOSITY: Grar.U!ar dry ::l!lterial. 
MISCIBILITY: lione 
SOLVENT COMP.6TIBILITY: Hot applicable. 
SHELF LIFE: I:ldefini te. 

COST: $60.00 p~r ton in 40- to 50-lb bRgs. 

DOSAG~ RATE: By =ufacturer - not specifically defined. Apply to ell surface, as neceSS:lr.:. 

APJ.'.!:!fAIION METHOD: ~J =anufacturer - applied cy blOWing or sprinkling onto the ~urface ~f the oil. 
SpUls on hard :.urfaces can be swept up cU'ter absorbing · ... ith the rr.aterial. Re­
cO':e-:y of spent agent is not feasible. It can be re:::oved and hauled aW!lY to a 
1U1:1f area or sunk 'O'J apply!l'.g a little wcter spray to the oil and agent noat­
il'.g in the water. Reaction tice - ..,ill sink in a f~ ... minutes. 

AVAILABILITY.! Avails.b2e in ::lost U. S. cities. 

USE RECOMMENDATIONS AND LIMITATIONS: ~J ~ufacturer - rec~ended to be used in areas ~r.ere per­
clssible for treatment of Bunker C, fresh crude, and dist.il-
1at;e fllel oils. ':"i.ere is no limiting storage te:::perature 
r&r.ge or other storage constraints. Rec~ended for S::lalj 

spills in l~ad!l'.g areas and on docks and decks to keep oi~ 
out of the water. 

SPII=.~_~Xp~~ By canufecturer - :::;aterial is used pril"-arily for on deck or loadir-s spills .. !-.ere 
either a quick pickup is required o~ sil'J.ing is d~sired. 

EFFECTIVENESS, By ~~ufacturer - percent effectiven~ss is not specified. For pickup, it cbS_Tv' ao_~t 
its C".T. .eigr,t of oi: (0.9 ::;.' Is). 

TOXICITY: 
BY' ::a.nufact'..rer -

For operators - ~ot rer~rtcd. 
:or :arir.e life - inert 3r.= n~r!oy.ic. 
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~TERIAL IDENTifiCATION: SOM-4 

CHEMICAL-PHYSICAL PROPERTIES: 

CHEMICAL COMPOSITION: 'l'al(;, 10 micron (7C1!: organophUic, 30% hydrophilic), no stabilizer. 

SPECIFIC GRAVITY: 2.'l5. 
FLASH POINT: Does not burn. 
ICC CLASS: llot reported. 
VISCOSITY: Not applicable. 
MISCIBILITY: Insoluble in water. 
SOLVENT COMPATIBILITY: !lot awlicable. 
SHELF LIFE: Ir.definite. 

COST: 4 to 8 cents per pound in carload lots. FOB Seattle, Portland, San Frandsco, Los Angeles, 
Chicago, Trenton, and Boston. 

DOSAGE RATE! By manufacturer . estil::ated 2 to 3 parts agent for ~ach part of oil. 

By man'fp_turer - Broadcast dry ont.o oil slick. Agitate, May also be mixed 
1 Ib/S:,! .. 'ith .. -ater and sprayed onto oil slicit. Dry application lUC::t effer­
tive. Oil disperses and s1:lks. Ree.c'tion tir..e - immediate to several hours 
depending on agitaticn. For beach protection, spread 1 C; to 20 1't wid(' before 
tide COl:les in. For ro~k cleaning, mix witt. painter's naphtha, apply, and wash 
with high-pressure .. -ater stream. 

AVAILABILITY.: IIr/entory quantity 10 to 40 tons at Sef.ttle, Portland, Sa.") Francisco, Los Angeles, 
<''hic!lgo, Trenton, and Boston. Prool:.ction of 70 tons/day pobsible .. d.th 1 veek lead 
time or, in emergency, 1 day lead t:ill.e. 

USE RECOMMENIJ~TIONS AND LIMITATIONS; By lIUIl"Iufacturer - reca=ended for open sea, bay, harbor, 
estuary, and shore for fresh crude and Cisti1lste fu,ls. 
!lot effective on Bunker C or heavy fractions. Use for 
beach protection, beach cleaning, and rock cleaning. So::e 
of the product can float to shore either oil-con'taminated 
or clean and leave a deposit. Storage requirements - keep 
dry. 

SPIl,.I.:..EXPERIENCE: ?y !:lal~ufa'!turer - The San Juan Puerto Rico Dept. of Public Works used two 50-lb bags 
every lOW' tide at Caribe Hilton Hotel Beach, Puerto Rico (OCEA:; EAGLE Spill - lI.arct. 
1968). Spread 15 to 20 1't .. "ide on 600 ft beach. Tide carried oil and talc out "Ai 
kept beach o~n and free of oil (amount of oil ~t this beach was not large accrr~­
ir.g to l:IanUfacturer). Santa Barbara - used by Cro~by _:l. Overton, Long Beacr., 
Calif., on beaches to poilsh cleanup af<:.cr !:lost oil r·· •. oved manually, and 1'0:" 

cleaning rocks (1969). 

TOXII!!.!Y: 
By :anufacturer -

B;; lolanufacturer - no estimate or test data reported. By otr. "S - test':. "":>y University of 
Puerto Rico rated absorbency "Excellent. Able tr elllcve _,lin fill:l~ "f oU. Good for 
cleeni..g sands also" and rated leaching "Leaches o"Ilost of the oil H exposed to the 
sun. ff 

For opc~ators - nontoxi~; no silicosis hazard. 
For :arine life - no toxiCity; do=ented by laboratory tests l-y .':\:s" ::Ie biologist at University of 

Puerto Rico. 

3y others - \OO~ ~ortality in 6 hr at 1000 ppc for =oharra. 
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Pt!ATERIAL IDENTifiCATION: So/·I-5 

~~MICAL-fHYSICAL PROPERTIES: 

CHEMICAL COMPOSITION: Talc, 10 clcr~n, zinc stearate co&.ted (1<)('" organJphilic; loot. hydrophobic). 
110 "tabllizer. 

SPECIFIC GRAVITY: 2.75 (tre .. ted Llaterial does not sink tn water). 
FLASH POINT: Does not burn. 
ICC CLASS: 1I0t reported. 
VISCOSITY: Not applicable. 
MISCIBILITY: Insoluble in water. 
SOLVENT COMPATIBILITY: !lot applicablt:. 
SHELF LIFE' Indefinite. 

COST: '- to 10 cents per pound .in carload lots. FOE Seattle, Portl&.nd, San Francisco, 10s Angel':s, 
Chicago, Trenton, and Boston. 

DOSAGE RATE; By manufacturer - not determined. t!lt:l.m'\tes 2 to 3 parts agent for each part of oil. 

APPligATIOI'f ~"§!!!QQ.: By manufacturer - broadcast dl'Y onto oil sliclt. Only harvestir.g method used to 
date is manual retrieval on shore. Reaction time - not reported. Does not 
sink oil. 

AVAI~ABllITY..! InventvrJ qUlUltJ.ty I to 20 tons at Sea'..tle, Pcrtland, San Francisco, Los Angeles, 
Cr.iceeo, Trenton, and Boston. Prodl.O~tion of 35 tons/day pvssible. 

USE RECOMMENDATIONS AND LlMITATIOP\IS, By rr.ant:1"acturer - recocmended for open sea, bay, \Jarbor, 
and estuary on i":'esn crude and distillate fuels. flot 
effective en Bunker C or hea"'J fractions. Does not sin~ 
the o!l. 

By manufacturer - used on a small ~ oating slick at Caribe Hilton Hotel lagoon in 
Puerto Rico (OCEA1' EAGLE Splll). Ha."ld broadcast., e.g1 tuted with boat, drove 
Slick to shore, and picked up ~~th ~queegees, pushed up ~1d shoveled sand away. 

~IVENESS: B~ ~~ufa~t~er - no estimate or test data. 

TOXICITY: 
By ::::u:ufacturer -

For operators - nontoxic; no silicosis h8Zar~. 
For carine life - ~ntoxic. 
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MAiER!AL IDENTIFICATION: SOM-6 

CHEMICAL-PHYSICAL PROPERTIES: 

OlEMICAL COMf'Ol:'TION: High purity talc. 

SPECIFIC GRAVITY: 2.75. 
fLASH POIHT: Does not burn. 
ICC CL~ Not report~d. 
VISCOSITY: Not applicable. 
MISCIBILITY: Insoluble in water. 
SOLVENT COMPATIBiliTY: Not applicable. 
SHELF LIFE: IndefiI-.1te. 

COST: Not reported. (Estimated $120 per ton.) 

---------------

QOSAGE RATE: Ma."lui'acturer estilnate3 2 to 3 parts of agent for eacll part of oi:!.. 

AFPLlCATION METHOD: Mix 1 Ib/gal with water or sea water ~d spray on oil slick. 

AVAILABILITY..! Available. 

USf "'F'.;OMMENDAiIONS ANO LIMITATIONS: Not rt'ported. 

SPILL EXPERIENCE. Not reportt:d. 

gFECTlVEN~; No estimate or test data. 

TOXICITY: 
By m8nui'a~turer -

For operators - nontoxic; no silicosis hazard. 
For =rine life - no toxicity. 
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N!ATERIAhJDENTIF~rt SC1·!-7 

~tl.EMICAl-ptj!SICAL PROPERTIES: 

CHE"'ICAL COMPOSITION: Fullers ('art!: (attapu:!gite). 

SPECIFIC GRAVITY: 2.45. 
FLASH POINT: ::ot applicable. 
ICC CLASS: Cla:.:, :.OIEj'. 
VISCOSiTY: 3011d. 
MISCIBILITY: :·:iscitle ,.-it:: all liquids. 
SOLVENT COMPATIBILITY. ::ot 3pplica~le. 
SHELF I.IFE: • ~::..~.ited. 

$!.1.0C' per ~on l.:: carload or 1.ru(;k!oad lots, FO? At~apu.lg'.ls, Ga. J_ocally l'lailacle at 
dealers' · .... a.:.·ctO~lSCS at a hi£:.:er cost. 

APP.l...J~~lJON_~ETH.9.Q! :Sy :::anu!'actt:rer - not specified. Reaction ti:::e - r.ot repc~.ted. 

AYAIL~BIld.ry..: Ir. regular production and available on sl:crt notice. 

~~E_.tlECOMMENDATIONS AND LIMITATIONS: By oanufacturer - r.o use licitations or rec~endati~r.s 
were reported. By otters - KeystcnP. Shillplr.g t:o., 
Philadelphia, reports that it absorbs petroleuc products 
ar.d sinrs, that i~ is difficult to apply to spills in 
... ::'ndl' exceedi:1g 15 ::liles per hour, and I.he.t it is effec­
ti'/e fo:- smal::' spills Oll ship's de-:k. 

SPIL~.§XPERIENC§: By mar, .... cturer - ::ot reported. L'sed pri::)aril:: as 9..'1 all-purpose c.ineral abscrl:c::t. 
E~' otr..cr~ .. Ke:{stone Shipping Co., Philadelpnia, reports usir~ 25 to iOC It) ror 
s:::2011 s:>i11s. 

E.f.t:.ECTI~:. ::ot r~;-crted. 

TOXICITY: 
;:: :a.-i~ct\·.ri!' -

:or opers.~.crs - r.,(, li:it. 
:~r :-:er:'::.: : ire - no 1 i::li t. 
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r.,Ar!.~~~h IDENTIFICATION: SC~!-8 

c;~EMICAl"fHVSICAL PROPERTIES: 

CHEMICAL COMPOSITION: Chrysotile asbestos - surface treatci. 

Sl'ECIFIC GRAVITY: 2.!. (in so11d for.:l), racf.!!ge l:ullt d('!".s1ty - 19.6 pef. 
FlASH POINT: l;one. 
ICC CLASS: i;ot retorted. 
VISCOSITY: :lot applic!lb1e. 
MISCIBILITY: :'ot aPrl!.;al"; e. 
SOLVENT COMPATIBILITY: ::ct arrlica"t:lc. 
SHELF LIFE: !nfidte. 

c~ 32.; c:eni;.~ ;:~r FOund tor :tini:l\c order of ::. ~on. F:iB King City, Cali!. 
3-ply pa'per '.;ith 'POl:;ethylene OI.'erwrap; size - 2S by :3 by 17 in. 

~~E RATE: ?y =l;;!"acturer - 6 to 1% of the '",eight of oil. 

Packaged in !.C-lb c!!gs, 

~I,,!~!!ON !I!~~: ?y =ufacturer - apply by scoop around slic"', to contain ani absorb it or appl:: 
by l:lO'.;ers to s~face of oil to absorb !.t. Agitate llith cO'", -.m.1(.e- or aIT~y 
.>::rf:l-::tant or :I1cohol 0;0 dri\"e oil into the asbestos. Rc:::ove 1:-; strainers, 
.iev1%lt), ski=ir.g, or l:urnir.g. Ignition and Ca:e prcpag:>tion .10 not require 
spec~al chc::::!.cals or equipc:ent. Fer sinj.:1r.g, use one part !!gent to 5 parts 
crude oil by .-eight, 88itate \-:!.gon~~ly. At::'o;, !.!gent i.:y '..teig~t of oil, ag­
glccerate re=a1ns floating. ~eacticn t~e - instnntaneO'.~ Aten contactirg 
~rest oil surface, increases to several c1nutes t~~O'~ oil-~ater interface. 

~VA!.~LI!y.; ;"lai2a:le :"..aUo::-.-:!.de :1~ 12 'o-are1':.euse 10::ao;1o%,s. ?l:!.nt:u:d ~re!:cuse inventories are 
s~c~ect t.o adjust::.ent ca:::.er.surate ~itl: use require=ents. 

ttS-.E RECOMMENDATIONS AND LIMITATIONS: ?~. ::.ar.u!"acturer - recc=.ended. for open sea, bay, harbor, 
est:~ry, ar:d shore for Bunker C, fresh and. ~eatl:ered 
crJ.des, and distills.te fuels. i.o ::.il::its on tCl:.perature 
or sea state. S1':.ould be applied rrior to dispersants ro.nd 
surfactants. iiot effective on e:::ulsified oils. ~ncon­
t~cted ceterial floats on water surface. Intense agita­
tion 'Iill displace air fill:: alld ;emit it to sin.=t. Apply 
offshore of beaches to intercept and agglccerate the oil. 

~!I,.!.~llPERIENCE: 3y manufacturer - no s;:i:..1 experience to date - lai:oratory tests and a li:::.i':~d test 
on t1':.e Buffalo River. 

EFFECTIVENESS:, Ey manufacturer - 1001 - high re--oval effec";.ed nth use of' surfactant scs.-,renging of' 
aggl~rate:!. cil. :laterial is ~drophobic and oleophllic. 

T.9XICITY: 
=:.... :3.~ur:1.ct~er 

:cr orerators - per ~3X "l:ar.gerous :>rorerties of Industrial :laterials" 2nd O::.i., aC'.Jte loc!!.l. irrit3:l.t• 

slight, irJ::1lstior. ::cderate: a::-.1te s:;stClliic none; chrollic local ir.h:llation hikh; 
chror~c syste=ic U!"j:.~.~. I~~ation per U. 3. Depart=ent of t&'~r - 2 x ::.c6-~~r­
ticles ~r cUb!-:: foot of air C3Y.~ ~~issible. 

For rlarir..e life - 'basic t'OI~~~ral a.~::!. sur:"9.ctarlt a~ i~soiuble. 
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--------....... ------~-.... --____ ..... J ..... ~ .... JC C4A ... 

~~TERIAt IDENTIFICATION,l SOM-9 

CHEMICAl-PttYSICAL PROPERTIES: 

a.EMK'AL I':OMP9$)TION: Ao;l:el'tos - surface t~ated. 

SfECli'IC GRAVITY: 2.45. 
FlASH POINT: NOM. 
ICC ClASS: Not reported. 
VISCOSITY: liot 9pplicable. 
M!$CI8IL1TY: lJone. 
SOLVENT COWATI81L1TY. Not applicablt-. 
SHELF lI1'!:: Infinite. 

~ PrIced fran 15 to 20 cents per :pound depending an quantity, roB K1n.cz City, Calif. 

APrllCATIOt-J METHOD, For sinking, use one part agent to eight p~s cl'Ulte oil by weigh!;, agitate 
vigorousl;{. ReE.ci;ion time - il1stantaneous when c(lntacting fffSh oU sar­
face. Inc:real:es to s.:veral minutee lO~h wea~herea or emulsified. 011. 

AVAtLAB!lITY: lOO-ton inventory qua.'ltH;y; 30 t.cr.siday I>roduct·ion rate l'Ossiblr. ul':m 72-hr notice. 

~ECOMMENDATI~ AND LIMITATIONs.: 
By lIlanufac"GW'er • recornended for open sea, bay, harbor, 

estuary, and shc!'e fo: !.~Ik.!:t' C, fresh IIIld '.:eathE'red 
crudes, and d1stll~tiW ruel~l. llo limits on temperature 
or sea state. 5:.0'..:11\ be 8"Pl1pd prior to dispersants 
and :;urfocwts. Nvt t!.."'feCtive ~ e:::t!l.siNed oil. Un­
contac~ed ~t~rl~ ~1~1 float for a short time. 

~!XPCRIa.cE: By lIlanufacturer - no spill experio;nce to date; labcratory tests and limited field 
tests have been :onducted. 

~FFECTIVEN~ By manura-:tUl"er - l~; high rc:lllCVal ecrf'C~ vith use of sur!'acUint scave~ins of 
1Sggl.~.rated 0:1.1. 

!it manufacturer - !r.sl)lub1e; per Sax "Dar,gf'l"OUII i'ropenies of Ir.dtLltrhl Materials," 2nd 
ec'.Hion, ar.utc l~al, Urita.'lt slight, 1nhala~ion mooerate; acuu sycte=1~ none; chronic 
lCCal, ir.hl\la~~(r.l high; c::ronlc nystem1c un)mcwn. Jnl-.a&lal;iOlI per to. 3. Depl\rt:lQ:)t of 
I.al:o!' - :? X lOC ;.ert~('J.es per cuoie foot of ail ~ ?Cl:lIissil>le. 
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AI!A!ER!.~ IDENTIFICATION: S~·1-10 

gi~~IC"l-fHYSICAL PROPERTIES: 

CHEMICAL COMPOSITION: Cstionic a.sbestos. 

Sf£CIFIC GA~VITY: 2.45. 
FLASH POINT: iione. 
ICC CLASS- iIot reported. 
VISCOSITY: llot npplicable. 
MISCIBILITY: ilone. 
SOLV£NT COW'ATIBILlTY: foot I1pp1!cable. 
SHELF LIFE: Infinite. 

~ 7.0 cents per pou.'ld !:.:>r orders of less than 1600 lb, FOB King City, California. Packaged in 
/jo-lb bags. Pallet "ei(~'lt 1600 lb. Available at slishtl.1 reduced rates foc orders greater 
than 1600 lb. 

DpSA~E..RATE: By t'.sm:facturer - 10 to l5~ of the wright of oil. 

APPLICATION M:THOO: ::'y rnan,.;fact~rer - add direct~ to the oi!-contamir.ated waste water viti:: enough 
- ---- -- ---------- ac1 tation to assure adequate contact. The asbestos/oil aeclo::erates can then 

be removed by ski=ing, straining, or sediI:!enution. 

~YAILABIIJ!y.! lOOO-ton inventory at King City, California; 50 tons/day production rate possible lIpon 
2:'-hr notice. 

~E nE~!1"DATIONS AND LIMITATIONS: E"; :i:anuracturer - rcco:::ended for open sea, b!l¥, harbor, 
estuary, :u-.d shore for Bunker C. fresh or \feathered 
crude, and distillate tUell!. lio ~ts en te::peratltre or 
sea state. Should be applied prior to dispersnnt and 
surfactnuts. I.gglc::erated oil does not float. 

S?I~L E>g»ERIENC£j By ::anuf'acturer - no spill experience to date. I.aboratorY tests and limited field 
•. .:sts have been conducted. 

EFFECTIVENESS: ?4 =n:t:.lrll.C't-.IrC~r - loa! - ir.s~taneous reaction ~;her. ccnt'lctint; fresh eil surface. 
--------- - lr.::rcnses to scverc.l =i:r..lt.cs ~'lro\Ig.'l oil-l.ater interfaco. 

T.9XI~ITY: BY ::"UI".lf3Cturer - n.r ope!'lltcn - rer lOa: "r.a:-~l':l:1S Fr(>perties ::.t IndUstrial j.!ater1al::, ,. 
:-d edition, &c1:te l~a.i, irrit;.~t sl1;. t, in. .. .alation tr...derate; acute syl:te::ic :;::::Ie; 
chronic local, iC102!14U0:1 hi&!;; chr"r.ic syst ... ::;ic U:-.l'.ncvn. Inhalation per U. s. ~part..-..:nt 
of L'lOor - 2 " :.: ... pa.n!eles pel"' :::".lbic Coot of nir l2..'o:1::!\\!:1 pemissible. 

no 
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~TERI,.\l IDENTIFICATION: scr-:-ll 

£..H_EMICAL-fHYSICAl PROP£RTIES: 

CHEfoIICAL COWOSITION: !~clrated ~es~:un alu::t1f11Jl:1 sillcate. 

SPECIFIC GRAVITY: £-.Ill de.'lsity - Zl to 33 :-~f. 
FlASH POINT: I:one. 
ICC CLASS: riot reported. 
VISCOSITY: !lot applicable (dry cranular product). 
MISCI.llITY: Insoluble. 
SOLVENT eow>,.T"'ILlTY: Ine::-t and insoluole. 
SHELF LIFE: l10 .icl t. 

(:9ST: $50 per ten 1.'1 tr.!c:-J.oad l~ts, $33.25 te S37.25 per ton in carload lots, (60,000 lb), -FOB :-leigs, 
Georgia. 

By :::~acturer - apply by dusters. Ho agitation required. Arter absorPtion 
is cocplete, :::ixture of clay and oil on W<l.ter will sink on slight ngi tation 
or addition of surfactant. For beach cleanir.g, sprinl'J.e on benc!: te absorb 
deposite.1 oil; re:=.ove and (dspose of oil-soaked clay. Reaction t1:e - not 
reported. 

~.Y~t!-ABILITY~ Inventery - 500 tons at !-!eigs, Georgia. Production of Ie tonslhr possible at !:eigs. 
Available in different :::esh sizes. 

U.~_E RECOMMENDATIONS AND LIMITATIONS: B'.1 =anufacturer - reco=ended for open sea, bay, harbor, 
est".Ial'Y, and shore for use on Bunker C, fresh and 
weathered crudes, and distillate fuels, as a sorbent, 
sinrJ.ng agent. and bet,ch clean~. St3ble under all 
tempenture condi tians for lsterage. 

~PILJ: _~~~~ B;,' ::a.nufacturer - laboratery tests ?lave been perfcl7!led. Un spill experienc~ 
reported. 

E.f~~~ =-.1 l:.Il11'..Ifacturer - on~ part of agent by weight \01.11 absorr 1 to 3 parts of oil. 

TOXICITY: 
E~ ·=\If'neturer -

:~r O~r~tors - c~=ple~~~ nontoxic and ncr:.~~:nrdoas. 
~r :-n.rine iii,,:, 4 ,,~:l~xic. 
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~TERIA!. IDENTIFICATION: S<M-12 

ChBltCAL.-iHYSICAL PROfERTlES: 

0ttIIICAl. CGWCSITION: latu......uy occurring =nborillonite and ~aly8orsk1te. 

SPECIFIC GJIlAVITY: Bulk density - Z1 to 40 pef. 
FLASH POtKr: lione. 
ICC CUll: Not reported. 
VlICi)IITY: Not applicable (dry granular product). 
toaCIIIUlY: Inaoluble. 
SOLVENT a.ATWUlY: Good. 
SHll,f LIFE: No liII1t • 

. DOSAGE RATE: By manuf'acturer - 1:1 to 1:3 ager.t to oil by weight. 

APPlICATION MEn!OO: By lIIIZ1Uf'acturer - apply by duatera. XO agitat-lon required. After absorption 
ia complete, mll:ture 01' cl1q snd oil on vat-r vill dnk 0'3 alight aeitation 
or addition of surtactant. For beach clean1_18. apr1:lkle on beach to absorb 
depoaited Oil; reaove MIl dispose of oil-s~aked clay. Reaction time - n:lt 
reported. 

AVAILABILITY: Inventory - 500 tons at Meiga, Geor8ia. Production o~ 10 tonsfhr posdble at Meigs • 
.&vailable in ditferent !leah a1zea. 

USE RECOIiWENDATIONS AND LlMITATIOMI.E By mamLfa.cturer - !'eC0DIer..ied f'or open sea, ba.y, harbor. 
estuary, and shore f'or wse on ~er C, frera and 
wea~ered Cl'Udes. ant\ distillate f\J.ela. as a sorbent, 
sin!dDg agent, and beach cleaner. Stable under all 
tesperature conditiOIll ~or storage. 

SPIll. EXPERIENCE: By manufacturer - laboratory tests h!.ve been performed. No spill experience 
reported. 

EFFfCTIVENESS: B'J' manufacturer - O!1e part of' agent by weight v1ll wsorb 1 t;) 3 parts of oil. 

TOXICITY: 
By lIIIU1U18C'turer -

For opantors - cOlllpletely nontcldc and nonhazardous. 
For -.riDe lif'e - o=mtoxic. 
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A!ATERIAL IDENTIFICATI~..l Sa.l-13 

~~ICAL·:~YSICAL PROPeRTIES: 

CHEMICAL COMI'OSITION: Carbonized, che=ically coated sand. 

SPECIFIC GRAVITY: 2.60; bulk density 1.1168 g/cc. 
FlASH POINT: lIone. Will not ignite. 
ICC ClASS: Che::.l.cal. HOI. 
VISCOSITY: Drj solids. 
MISCIBILITY: I",;,-drop!.obic. 
SOLVENT COMPATIBILITY: ;jot applical>le. 
SHELF LIFE: Indefir.i te. 

g>sT: :;:: ::anufacturer - $3.75 per 100 Ib, or $75 to ~ pt:r ton. 

~9.~.J!ATE: B-.f cnnufacturer - 2 to 3 parts of agent to I part of oil ror all tYPI:S or oH. 

APPLICATION METHOD: 'B".f r.:arn.:facturer - varit.ble pressure apparatus; for exa::ple, for thin oil fias 
- -"-------- a near Z'!TO velocity application such as dl:.Still& gives better results, w!:ereas 

fol' t.lJici:er lovers a hit;her '/elocity llpplic::lt::.on f:'Ol!l an ::Lir hose or sand­
blaster awarat'..ls se= to be !:lOre sui table. 

t'VAI~I!'-'=!T:: :·:ill be available by Jan 1, 1971. 

USE RECOMMENDATIONS AND LIMITATIONS; B-1 manufacturer - material. will sink all types of' oil in 
fresh or salt water. It is !!lOre efficient, however, 
in sinking the !!lOre viscous oils such as crude and 
bu."lki!r. 

~!'=I:._~XPERIENCE: !lo large spill experience to dl\te. 

EFFECTIVENESS: By manul'acturer - loo;t effective in sinking and holding oil \oil('n applied pro"er~·. 
------ - !-'.n.terial. \o"hich does not contact vlsible oil is v:lSted. 

TOXICITY: 1I0ntoxic. 
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~TERIAL IDENTIFICATION: S(J!-14 

CHEMICAL-PHYSICAL PROPERnES: 

CHEMICAl a.ossTlON: Fly ash treated v1.th chlorosilane r~s1due. then neutralized. 

~lflC GRAVITY: Bulk dens1ty: 0.9 e/cc. 
FLASH POINT: Not appl1cable. 
ICC~X.:'!le. 

VISCOSITY: Not appl1cable. 
MISCIBILITY: Not applicable. 
SOLVENT COMPATt8ILITY: Not appl1cable. 
SHELF LIFE: Unl1m1ted. 

COST: Not reported. (Estimated '$100 per ton.) 

DOSAGE RATE: 1:0.5 to 1:0.9 Ilgent to 011 by wn..ight. 

APPLICATION METHOD: Any method that v1.11 apply the mater1al dry. 

AVAILABILITY..: Unl1m1ted v1.th p1lot plant for surface treatment. 

USE RECOMMEHDATIONS AND LIMITATIONS: No l1m1tations. 

SPILL EXPERIENCE: !lot reporte<i.. 

EfFECTIVa4~~ Bot reported. 

TOXICITY: Unknown. 
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~TERIAL IDENTIFICATION: 5cr',-15 

~~MI'!ru:::!HYSICAL PROPERTIES: 

CHEMICAL COMPOSITION: Fly as~ treated with Dow CoI11inJ 120g Silane, then neutralized. 

SPECIFIC GRAVITY: BulJ: density: 0.83 g/cc. 
FLASH POINT: liet applicl1ble. 
ICC CLASS: :'one. 
V!SCOSITY: Hot applicable. 
MISCIBILITY: !!ot applicable. 
SOLVENT COWATIBILlTY: :/ot applicable. 
SHELF LIFE: t1nlil:lited. 

COST: !Tot re!X>rted. (Estill'Ated $100 pt!r ton. ) 

A~!:!f:ATION METHOD: Any cet.'!od that will apply the caterial dr./. 

AVAILABILITY.: -Unlil!Iited with pil.ct plant for suri'ace treatment. 

USE RECOMMENDATIONS .AND LIMITATIONS: 1/0 limitation. 

, 

TOXICITY: t!ru:no'oll. 
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rAATERIA'. IDENT·.~lCATI~l sa~-l6 

~_EMlq .. t:' 'HYSICAL PROPERTIES: 

-. 

CI{ .• ' , ~L COWOSITION: Sand treated with DoIr Corning 120g Silane, then neutralized. 

SPECIFIC GRAVITY: Bulk density: 1.46 s/cc. 
FLASH POUlT: Hot applicable. 
ICC Ct.ASS: lit;'l1e. 
VISCOSn"f· r'ot applicable. 
"ISCIJlLO •• liot applicable. 
SOLver.-r COMPATlJlLITY: Ilot applicable. 
~ELF LIFE: Unlll!!1ted. 

~ Iiot rr;-orted. (Estimat.ed $1; per ton. ) 

AVAILABILITY.: Unlimited with pilot plant for surf":e tl'!!&'2Ient. 

USE RECOMMENDATIONS AND LIMITATIONS.: No limitations. 

SPILL EXPERIENCE: f\'ot reported. 

EFFECTIVEN~~ llot reported. 
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ml~2_";' ___ ~~ __ , __ , _______ _ 

MATERIAL IDENTIFICATION: SOM-l1 

£.HEMICAL-PHYSICAL PRMeRTI!~: 

CHEMICAL COttf'i>SITION: C~l:l'mt byproduct, major ingredients 
3iO (13.4l~) and CaO (5l.~). 

#ECIFIC GRAVITY: Bulk cie'(lsi~y: 50 pct 
FlASH POIJorr: Not applicable. 
ICC CLASS: None. 
V!SCCSITY: Not applicllbH. 
MISClill •. rrV: Not applicable. 
SOLVi':' t.:H .... ATI8!lHV: Hot applicabl~. 
SHELF LIFE: :.' i"llSt 1 yr in steel sHo. 

COST: Not repo;-i.ed. (Eatil:l&ted $100 per ton.) 

.DOSAGE RATE: Not reporte.,. 

~L1CATION METHOD: Any method that vill apply the I:I&terial dry. 

AVAILABILITY.: Unlimited. 

USE RECOMMENDATIONS AND LIMITATIONS: No limitations. 

SPILL EXPERIENCE: Used in 8111&11 lIIOat contaminated with diesel t'.lel with good resUlts. 
TIIelve mallard ducks and a 1IIOOrhen heavily coated vit!l diesel t'.1el 
were cleaned U&ing the dry material to re1llOve oil £rem feathers. 
Results were excellent. 

EFFECTIVEH~: Not reported. 

TOXICITY: Nontoltic. 
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rMTERIAL IDENTIFICATION: s(J.!-18 

~HEMICAL-PtfVSICAL PROPERTIES: 

CHEMICAL COMPOSITION: !·lajor ingredient - kaolinite; rema.1nc!er - 8IIIOI1lhous silica (beta-
crystoball to). 

SPECIFIC GRAVITY: I10t reported. 
FLASH POINT: Not applicable. 
ICC CLASS: Crude clay. 
VISCOSITY: Not applicable. 
MISCIBILITY: Insoluble in ,;a't&r. 
&OLVEHT COWATIISILITY: Not applicable. 
SHELF UFf.: Unlimited. 

CO§!: $58 per ton, 5G-lb bags, FOB Scc:lrro, New I·lexico. 

.DOSAGE RATE; By manufacturer - 2.5:1 agent to oil by weigh~. 

APPLICATION METHOD: By manufacturer - apply by any method that ~i.ll unifonnly spread the I:Iaterit.l 
--.. ------- on the surface of the floating oil. A methed using air spray has been 

developed. Reaction time - immediate. 

~VAI~81L1lY.! Inventory quantity - 50,000 tons if. l{ew Mexico. Production rate of 75 tons/day - ::an 
be expanded to meet demand. 

USE RECOMMENDATIONS AND LIMITATIONS.: By IIIStlufacturer - .. ecommended for open sea, bay, harbor, 
estuary, and shore on Bunker C, fresh and weathered 
crudes. and distills.te fuels, under any cond1t~ons of 
temperature 8JId sea state. store to protect bags from 
rain. 

~ILL EXPERIENCE: By manufacturer - successful.l¥ tested by Union Oil on Santa Barbara oil slick in 
May 1969. 

EFFECTIVENESS: By manufacturer - observations during bioassll¥ test for manufacturer indicate t.'lat at 
- 2.5:1 and 4:1 dosages (agent to oil by weight), most oil settled. Some floating 

oil remained. At 6:1 and 8:1, nearly all oil settled; hovever, so:ne oil returned 
to the surface. 

TOXICITY: 
By I118DUfacturer -

For operators - no limit, nontoxic. 
For marine life - nonw..uc. 

B-1 others -
Cook Research Laboratories. Inc •• work indicates: 

a. Up to 4 g of s(JoI-18 per liter of water produced 1~ survival of (FUndulus) tish using ~tnndard 
methods and F.lPCA interim toxicity procedures. 

b. Tests with SOM-18 and oils (1/2 1\Iel oil, /It. ruel ~il, West Texas crudt.'. and Santa Barbara 
Channel crude) indicated at least sot sarvtvlll of i'UndulUll in 24-, 48-, and 96-hr standard 
:netbods and FWPCA interim toxicity proceci.ur~s tests. 

TeJts perfol1!led by Pacitic Engineer:Sng Laborator ... ~.,r tlle manu!'acturer indic~te Jl)50 using standard 
!1lethods and FiPCA tests were inconclusive. It vaS stated ~t.at neither SCM-IS alone nor with oil 
indicated a Uch degree of toxicity. 
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Ao!MERIAL IDENTI~ICATION: SO.'-!-l.Q 

CHEMICAL-PHYSICAl. PROPERTIES: 

CHEMICAL COIIW'OIITfON: 8102 !=tu"ticles rendered oleuphilic vith proprietary treatllent. 

SPECIFIC GRAVITY: 2.65. 
FLA3H POINT: Does not burn and will extinguish fire. 
ICC ClASS: 
VISCOSITY: 
MISCIBILITY: llIsolUble in vater. 
SOLVENT a.ATIIIUTY: 
SHElF LIFE: Inaetin1 te. 

COST: FOB plaut, apProximately $(hOl79 per Ib in lOO-lb bags palletized and loaded in 
mlroad boxcars. FOB Baltimore, Md., approxi_tely $0.0221 per lb in 50-ton lots. . , 

DOSAGE RATE: Va.-!es betveen.l:l to lJ.7:1 parts adsorbent to oil by volume der-eoding 
.------ upon rate ot application, application method, type of Oil, and temperatures. 

APPLICATION METHOD: For most effective relllOval, slov continuous feeding of the oil slick 
through a system of tubes is recommended. Material f1J&.! also be 
r.pplied via a sieve or direct pour. 

AVAIlABILITY.: lOO,OOG-lb culoads available from receipt of order. Small quantities 
available iJaediately. 

USE REco.IENDATIONS AND LIMITATIONS.: 

~lL EXPERIENCE: Laboratory IIIOdels only. 

Recommended for relllOval of oil fro= the sea by 
sinking or for relllOval of oil tr= harbors. 
b~, and open sea in Conjunction with the 
manufacturer's Sub-surface Recovery System. 

EFFECTIVEN~~ The material is 95 to lOOJ effective on light and "diUII-viscosity oi~. 
RelllOTal is i_diate. On very h>!avy oils, removal tllltes ::;ore time and 
repeated application may be ne~ssary. 
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~TERIAL IDENTIFICATION: SOM-20 

CHEMICAL-PHYSICAL PROP£RnES: 

atEMICAL COMPOSITION: 8i0
2 

particles vith proprle+;ary treatment including vater. 

SPECIFIC GRAVITY: 2.65. 
FLASH POINT: Does not burn and Yill extinguish tire. 
ICC CUll: 
VIICOIITY: Approxiately 60 to 80 seconds in H

2
0 slurry tested on 14 Ford CUp at 72 F. 

MISCIIiLITY: Insoluble in vater. 
SOLVENT COWATISILITY: lot applicable. . 
SHELF LIFE: I:ldetinite. 

COST: FOB plant. approximately $0.0179 per lb in lOO-lb bags palletized and loaded in 
-- railroad boxcars. Railroad boxcars "have 50-ton IllinilllUlll frei!bt charse. FOB 

BaltilDOre. Md. > app:ooximately $0.0227 ~l' Ib in 50-ton lots. 
.DOSAGE RATE: Varies between 1.4:1 tu 4.5:1 parts !'lurry to oil. by veisht depending 

upon rate of application. application .ethod, type ot 011, and 
temperatures. Thlclt oil.s require less slurry. 

APPLICATION METHOD: Add fresh or salt vater in ratio ot 1 part vater to " parts 
SOM-20 and llix unt11 pastel1ke consistency obtained. 5r.ray 
slurr,y onto oil sliclt. 

AVAILABILITY..; Plant presently available tor production. 

USE RECOMMENDATIONS ANO t~ITATIONS~ 'lbis aterial is JIOSt ideally suited tor use in conJunction 
with "the w:nut~urer's Sub-surf'ace ReCOTery Stste.. The 
_terial enables oil to be transtoraed troa & sliclt noatf.D& 
C!D the surface to ~ of oU eoated with an encapsul.&tiq 
blanket ot vbite sand p&rtieln. 'l'be blanket ot sand around 
each l)all ot 011 not oal7 cont.a1ns the 011 but inc~ases the 
veisht suttieiently to allow p-aYitJr to pull the 011 into a 
subsurface contaiJml!nt 1;in or to the botta. ot the ocean. 

SPILL EXPfRIENCE: Laboratory.:ldels only. " 

EFFECTIVEN~~ The slurry SJ"8tea is acre eN'Pctiwe with hea..,. oUs than llsht oils. It is also 
acre effeeti'we on Wclt lqers ot 011 than on extreJlely thin ~ers ot 011. 

TOXICITV: Ko known toxicity. 
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~TERIAL IDENTIFICATION: SOM-21 

CHEMICAL-PHYSICAL PROPERTIES: 

CHEMlCALCOMPOIITION: S102 partIcles rendered 01eophll1c by propnetar;y treaUent. 

SPECiFIC 'GRAVri'v:' 2.65. 
fLASH POINT: Does not burn and will extlnSUilh tire. 
ICC CLASi: 
VIICOIITY: lot 8IIplicable. 
MnCIalLITY: Insoluble In vater. 
SOlVENT a..ATIIlLITY: lot llpplicable. 
SHELf LIFE: lot detinlt~. 

COST: FOB plant. approxi_tely $0.02 per Ib in lOO-lb bass palletized and loaded in railroad 
-- boxears. Railroad boxcars have 50-ton III1ni_ freight charae • 

. DOSAGE RATE! Dolap Yariel between 1:1 to 5.:1 parts adsorbent to 011 by volUlle depending upon 
___ , rate ot appli!=ation. 8IIplication llethod, types ot 011, and teiiperature. 

APPLICATION MEntOo: -For aost ettecthe rellOval, slav continuous teedins of the 011 sliclt 
throush a S)'ate. ot tubes is rec~nded. Materlal-ila;y-also be applied 
Via a sieve or direct pour. 

AVAILABILITY.: lOO,OOO-lb carloads arulable 2 weelts fro. receIpt ot order. s.p. quantities 
_ a~~able i_~.te17. 

USE RECOMMENDATIONS AND LIMITATIONS.: 

~LL EXPERIENCE: Laboratol'7 IIOdels only. 

Rec~nded tor reaoval ot 011 trom the sea by sinking 
0::' tor reaoval ot 011 troa harbors, b~, and open 
sea in eonjWlctlon with the JaIlutacturer's Sub-surtace 
Recovery Systelll. 

EFFECTlVEN~~ Matenal 1& 95 to looJ ettecth~ OIl light and llediua-nscoslty ol1s. Reaoval is 
is ~d1ate. On YeI7 hea~ oils, reaoval takes aore tille aDd repeated 811P11-
cations .;.y be necesSLry'. • 
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~ Un~termined. (Eatiated $75 pc=r ton. ) 

.DOSAGE RATE: Dos&8e ftries between .\:1 to 2:1 parts adsorbent to oil by -.olu.e dependine 
upon rate ot app1icat~on. applicr.tIon _thod. type ot 011. and te~rature. 

APPLICATiON METHOD: For.oat ettecthe re.,val •• low cODtinllOua teedilll ot the oil <ll1ck 
tbrouch a ay.te. ot tube. is ree~cled. Material., alao be 
applied -ria •• 1e"ll.' or direct pour. 

AVAlLAllLlTY1 At the present ti_ this _terial is and1ab1e on an ~xperl_ntal basis only. 

USE RECOMMENDATIONS AND LIMITATIONS: Reca.ended tor re.,ftl. ot 011 tro. the sea by 
sinkIng or tor re.,ftl. ot 011 frolII harbors. 
b.,s, and ope:! sea in COD.1unctI01l with the 
_utaeturer' 5 Sub-surtaee Recoftry Systea. 

EFFECTI~;. Material is 95 to 100% etteeti-fe on l1pt and aediUII--risc08it1 011 •• 
Re.aftl. itI l-.ediate. On -,ery hea"7 oils. :'eaOftl. takes .,re tiae 
and repeated applicatlons --s be necessary. 
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~TERIAL IDENTIFICATION: SOM-23 

CHEMICAL-PHYSICAl. PROPERTIES: 

CHEMH:AL ~T~ S!02 particles rendered oleophilic by proprietarJ treat.ent. 

SPECIFIC GRAVITY: 2.60. 
FLASH POINT: D<Jes not burn and '1111 extingu1sh tire. 
ICC CLAII: 
v~r~ lot-applicable. 
MISCIBILITY: Insoluble in vater. 
SOLVE,." cc.ATIBILlTY: lot applicable. 
SHELF LIFE: Indetinite. 

COST: FOB plant, approxi_tely $0.0279 rer Ib in lOO-lb bags palletized and loaded in 
-- railroad boxcars. 

DOSAGE RATE: Dosage varies betveen 0.8:1 to 3:1 parts adsorbent to 011 by vol~ 
-------. depending upon rate ot application, application .ethod, type ot 

oil, and temperr.ture. 
APPl~TION METHOD: For most effective removal, slav continclOus teeding or the 

oil slick through a system ot tubes is reco_nded. Material 
II&)' also be applied via a sieve or direct pour. 

AVAIlABILITY..: This _terial has never been produced co_rclally but luge production 
plant ex1st~. 

USE RECOIIWENDATIONS AND LIMITATIONS,; RecOIIIIended tor rel!lOval ot oil trom the sea 

SPILL E)(JIERIENCE: Laboratory .:>dels only. 

by sinkina or fer remval ot 011 from har­
bors, ba,ys, and open !:eA by the manutacttlrer's 
Sub-sllrface Reco'lel'Y System 

y:fECTIVEN~~ !uterial is 95 to looJ etfective on li8ht and ;:Iedi __ vis::osity eils. Re­
.:Ival Is il:lleciiate. On ve~ heavy OUi. removal t~es 50re ti.e and 
repeated application r:a:y be neeescary. 

!OXICIT!: 10 lclovn toxicity. 
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APPENDIX F: PHOTOGRAPHS SHOWING PARTICLE 
SHAPES OF eIL SINKING MATERIALS I~ :-



Photo Fl. Top: SCM-23, trea.ted sand; bottom left: S~~, '.tz-ea.tp.d 
sand; and. bo·ttom right: S(I(-2, treated cha.l.k. Magnified 
X10 for comparison 
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Pho'to F2. Sm-i-3, calcined clay, x2 . 
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Photo 1"3. SOl~ 7 ~ expansive clay ~ x2 
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Photo F4. SOM-ll~ magnesium aluminum silicate, x2 
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Photo F5. SOM-13, carbonized sand, x2 
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Photo F6: 
- -.,.- 0&. ~~ 

SOM-23, treated sand, x2'" 
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Photo F7. SOM-12, natural clay, xlO 
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SOM-14, silicone treated fly ash, xlO 
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Photo F9. SOM-15. • sil:..~one 
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Photo FlO. SOl-i-16, sili cone treated :..:and, xlO 
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Photo Fll. SOl4-19, treated sand, xlO 
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Photo F12. 
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Photo F13. SOM-21, treated sand~ xlO 
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Photo F14. SOM-22, treated sand, xlO 
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Photo F15. 80M-I, latex-coated barlte, xlOO 
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Photo F16. SOM-2, treated chaLlt, xlOO 
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Photo F17. so~~4, untreated talc, xlOO 
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Photo FIB. SOr.t-5~ treated talc, xlOO 
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Photo F19. so~6, untreated t~c, xlOO 
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Photo F20. SOM-a, treated asbestos, xlOD 
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Photo F21. S01~9, treated asbestos, xlOO 
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Photo F22. SOM-lO, cationic asbestos, xlOO 
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Photo F23. SOM-17, c~ment byproduct, xIOO 
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Photo F24. SO~~18~ kaolinite cl~~ xlOO 
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APPENDIX G: SPECTRA OF On.S USED 
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