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ABSTRACT 

InformatIon on conceptual, prototype, and commercially available equIpment, 

processes, agents and techniques for controllmg spIlls of hazardous materials is provIded 

m thIS report. In order to facilltate use as a guide, mformation has been categorized 

accordmg to the primary response operatIon to whIch It can be applied, namely: 

contamment, removal, temporary storage, transfer, ultImate disposal, and ancillary 

eqUIpment. 

RESUME 

Le present rapport contient des renseignements sur les engms, les procedes, 

les agents et les techniques (qUI en sont a l'etape de la conceptIon, du prototype ou de 

l'exploitatIOn commerClale) de lutte contre les deversements de matieres dangereuses. 

Pour faclhter la consultatIOn, les renseignements sont classes selon la nature de 

l'operation prIncipale envlsagee: encerclement, endlguement ou localIsatIOn; nettoyage ou 

recUperatIOn; stockage temporalre; transfert ou transbordement; elimmation fmale; 

equlpement auxillaire ou d'appomt. 
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FOREWORD 

The mformatlOn contained m thIS report was compiled by Mr. L.B. Solsberg 

and Mr. R.D. Parent of S.L. Ross EnVIronmental Research LImIted under contract to 

Environment Canada. The document is based on a draft verSlOn prepared by M.M. DIllon 

Ltd. of Toronto and was released for comment m February 1982. The data obtamed are 

belleved to be accurate as of July 1984- or earller where specifically noted m mdlvldual 

entrIes. The use envIsaged for thIS publication IS as a reference source for those WIth 

responslbillties relatmg to hazardous materIal spIlls countermeasures. It IS not mtended 

as a comprehensIve fIeld manual for fIrst responders nor IS ItS applicatlOn as such 

encouraged whatsoever. 

ACKNOWLEDGEMENTS 
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acknowledged for their provision of techmcal data on whlCh the entries for this survey are 

based. ThIS mvolved personal commumcations and the submisslOn of brochures, reports 
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Canada comprised of conference proceedings, manufacturers' sales mformatlOn, technical 

Journals, handbooks, and other publicatlOns. In particular, Mr. M.F. Fmgas of the 

EnVIronmental Emergencies Technology DivislOn IS thanked for hIS guidance and aSSIS­

tance throughout the work. The U.S. Environmental ProtectlOn Agency at EdIson, NJ IS 

acknowledged for providmg comprehensIve informatIon detaIlmg projects that the EPA 

has undertaken in hazardous material spill research and development. 

Fundmg to facilitate the publlcatlOn of this updated and revised draft survey 

was made available by the American AssociatlOn of RaIlroads. Illustrations for the 

document were the work of Mr. B.A.K. Townshend of Environment Canada. 

-----



TABLE OF CONTENTS 

ABSTRACT 

RESUME 

FOREWORD 

ACKNOWLEDGEMENTS 

INTRODUCTION 

NOMENCLATURE 

INDEX - BY OPERATION 

INDEX - BY COMPANY 

ENTRIES 

1.1 
1.2 
1.3 
1.4-
1.5 

2 

CONT AINMENT 

Leak MitigatIOn 
Contamment on Land 
Contamment on Water 
Contamment m Water 
Vapour Control 

REMOVAL 

Removal from Land 
Sklmmmg from Water 
Vacuum Systems 
Sorbents 
Dredgmg 

v 

2.1 
2.2 
2.3 
2.4-
2.5 
2.6 
2.7 
2.8 

Removal from Water - PhysICal/Chemical Processes 
Removal from Water - Agents 

3 

3.1 
3.2 
3.3 

4-.1 
4-.2 
4-.3 

5 

5.1 
5.2 
5.3 
5.4-

6 

Fundamental Wastewater Treatment Techniques 

TEMPORARY STORAGE 

Flexible Contamers 
Rigid Wall Systems 
Lmers 

TRANSFER 

Transfer of LiqUids 
Transfer of Gases 
Transfer Hoses 

ULTIMATE DISPOSAL 

Incmera tlOn/ Com bustlOn 
Fixation: SolidificatIOn/EncapsulatIOn 
Physical/Chemical Methods 
BIOdegradatIOn 

ANCILLARY EQUIPMENT 

APPENDIX A CLEANUP CONTRACTORS 
APPENDIX B CANADIAN CHEMICAL SUPPLIERS 

Page 

III 

III 

IV 

IV 

VI 

VIII 

IX 

Xlii 

1 
15 
39 
4-5 
52 

73 

73 
83 
95 

112 
127 
140 
172 
184 

197 

197 
206 
221 

225 

225 
280 
282 

293 

293 
311 
331 
359 

368 

389 
391 





Vll 

INTRODUCTION 

Thls survey IS a compIlatIOn of state-of-the-art countermeasures conceIved prunarIly for the 

control of hazardous materIal spIlls. The InforrnatlOn presented IS based, In part, on a report prepared by M.M. 

DIllon Ltd. of Toronto, OntarIO for Envlronment Canada and released In draft form for comment In February 

1982. ThIs revIsed and updated document consIders data made avaIlable to the Envlronmental EmergencIes 

Technology DIvIsIon up to December 1983. VerIfICatIOn of these data contInued untIl July 1984. 

TIme constraInts assocIated wIth the study resulted In North AmerIcan sources beIng the pnrnary 

contacts. These same lImItatIOns also make It Important to POInt out that, In some cases, equIpment and 

matenals revIewed were representatIve of a partlcular group of cleanup technology only. An attempt was 

made, however, to Include contact InformatIOn and references to supplement the products and Ideas dIscussed. 

Also, to thIs end, 15 general lIstIngs or comprehenslve revIews were prepared on subjects eIther too broad In 

scope to delve Into durIng the course of thIs work or whIch would have requIred an arbItrary and perhaps 

Inappropnate selectIOn of few processes or hardware. 

All entnes, IncludIng the detalled, IndIvIdual lIstIngs as well as the more general revIews have been 

organIzed Into separate sectIOns WIthIn the catalogue whIch reflect the cleanup operatIOn to whICh they would 

lIkely be applIed and In an order In whIch they mIght be used. 

For each of the detalled, Indlvldual entrles and several of the general IIStlllgS, data have been 

catagonzed under the follOWIng subsectIOns: 

ApplIcabIllty, 
DescnptlOn, 
OperatIng PnnClple, 
PhysIcal SpecIfIcatIOns, 
OperatIng SpecIfIcatIOns, 
Status of Development and Usage, 
Performance, 
Avallablilty and CommercIal InformatIOn, and 
Other Data. 

For the most part, these are self-explanatory. "ApplIcabIlIty", refers to the behaVIOural group to 

whIch the deVIce or concept should be consIdered for use and Includes gases as well as soluble (sol), floatIng (fl) 

and SInkIng (sk) lIqUIds and solIds. The "DescnptlOn" often Includes both narratIve and graphIC components. 
I 

These should prove useful In obtaInIng a better understandIng of the "OperatIng PrIncIple" and, In some 

Instances, the "PhYSIcal SpecIfIcatIOns" whIch follow. 

The reader should also note that Indlvldual entnes have been classIfIed Insofar as the "Status of 

Development" IS concerned so that the headIng PRODUCT, PROTOTYPE or CONCEPT appears at the top of 

each. Entnes have been numbered to facIlItate use of the catalogue as a gUIde as well as for easIer cross­

referenCIng. In thIs regard, two Indexes have been prepared whIch further assIst locatIng InformatIOn. 

The fIrst Index contaInS a detaIled lIst of all entnes arranged In numbered, sequentIal order 

accordIng to cleanup operatIOn. The second Index IS organIzed on a company-by-company baSIS and should 

enable any entry to be referenced If only the company narne IS known. 

Two brIef AppendIces prOVIde addItIOnal InformatIOn. AppendIX A contaInS a lIst of cleanup 

contractors whIle AppendIX B refers to CanadIan chemlcal supplIers. 

When USIng thIs catalogue, It should also prove helpful to be aware that deVICes and ldeas have been 

Included that have been evaluated, have proven performance, or were Judged to have potentIal merIt for 
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hazardous material spill response. ExclusIOns from the survey Include: home remedies, personal protectIOn 

equipment, detectIOn, tracking and remote sensing hardware, deVices with exclusive oil spill applicatIOn, 

communicatIOn gear, and long-term preventIOn or disposal techniques. 

This catalogue, as such, should prove useful for those either purchaSing or Implementing spill 

countermeasures. Another of ItS foreseen applicatIOns IS as an assessment tool for establishing future, related 

research and development prIOrities by Industry and government alike. 
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NOMENCLATURE 

abs absolute pressure 
alb Telex number answer back 
bhp brake horsepower 
BOD bIOlogical oxygen demand 
cm centimetre 
COD chemICal oxygen demand 
cSt centlstokes 
°c degrees Centigrade 
of degrees Fahrenheit 
ft feet 
ft2 square feet 
ft3 cubic feet 
h hour 
ha hectare 
hp horsepower 
Hz Hertz (cycles per second) 
1.0. IOternal diameter 
10 lOch 
kg kilogram 
km kilometre 
kPa kilopascal 
kVA kilo volt-ampere (kilowatt) 
kW kilowatt 
L litre 
lb pound 
m metre (m 2 = square metre, m3 = cubic 

metre) 
M molar 
ml mile 
mlO mlOute 
mm millimetre 
MPa megapascal 
N-m Newton-metre 
No. number 
OHMSETT Oil and Hazardous Materials 

Slinulated EnVironmental Test Tank 
% percent 
0 phase (re: electriC motors) 
oz ounce 
pH logan thm of the reCl procal of the 

hydrogen Ion concentratIOn 
ppb parts per billIOn 
ppm parts per millIOn 
pSI pounds per square lOch 
pSla pounds per square lOch absolute 
pSlg pounds per square lOch gauge 
qt quart 
rph revolutIOns per hour 
rpm revolutIOns per mlOute 
s second 
t, tonne metric ton (l tonne = lOOO/kg) .. registered trademark 
U.S. gal U.S. gallons (= 3.79 L) 
U.S. GPH U.S. gallons per hour 
U.S. GPM U.S. gallons per mlOute 
V volt 
VAC volts, alternatlOg current 
VDC volts, direct current 
W watt 
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INDEX - BY OPERATION 

ThIS Index IS organized accordIng to the response operatIOn to whIch the equIpment or concept 
can be appl1ed. 

Entry OPERATION/ENTRY DESCRIPTION 
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4 
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Sot! Surface SealIng 

1.3 Containment on Water 

SpIll ContaInment Barriers - General ListIng 

1.4 Contamment m Water 

Mobile Stream DIverSIOn System 
Portadam OIl BarrIer 
Sea CurtaIn Barrier 

1.5 Vapour Control 

Mechanical Covers - General Llsttng 
MobIle Gas DIsperSion System 
MSA Portable Foamaker 
Vapour ReductlOn DeVIce (VRD) 
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120 
121 
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123 
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XIV 

OPERA TION/ENTR Y DESCRIPTION 

4.3 Transfer Hoses 

ACid, Chemical Hoses - General Listing 
B.F. GoodrIch ACid and ChemICal Tank Truck Hose 
Gates Chemical Handling Hose 
Goodall Chemical Hose 

5 ULTIMATE DISPOSAL 
5.1 incineration/CombustIOn 

Cleanflre Portable Incinerator 
Diesel Engine Incinerator 
EPA Mobile IncineratIOn System 
Mobile Molten Salt Destruction Unit 
Prenco Mobile Incinerator 
Pyrold Pyrotechnic Incendiary Device 
PyrornagnetlCs Mobile Incinerator 
Trecan Portable Incinerator 

5.2 Fixation: Solidification/Encapsulation 

Fixation TeChnology - General Listing 
Bentonite/Cement FixatIOn Process 
Chemflx Process 
EPS Mobile Processing and Transfer Unit 
TrIpak LiqUid Solidification Compound 
Volume Reduction and SolidificatIOn System (WPC-VRS) 

5.3 PhysIcal/Chemical Methods 

Acurex PCB DestructIOn Process 
The BrOmInatlOn Process 
DegradatIOn by Superoxlde 
LARC (Light Activated ReductIOn of Chemicals) Process 
Modar SupercrltlCal Water OXidation Process 
NaPEG'" System 
PPM Inc. Mobile PCB DestructIOn Process 
SunohlO PCBX Process 
Westgate Ultrox (UV-Oxldlzer) Process 
Sodium Naphthalide Method for Disposal of PCBs 
The Soil Recovery Process 
OntarIo Research FoundatIOn Wetox Process 
Zimpro Wet Air OXidatIOn Process 

5.4 Biodegradation 

CompostIng and Land Farming - General Listing 
Polybac, Mutant BacterIal Hydrocarbon Degrader 

6 ANCILLARY EQUIPMENT 

Amflre Waterdrill 
Lampe-Lifter Air Cushions 
Manual Drum Deheader 
MaxIforce Lifting Bags 
Remote Controlled Hovercraft Vehicle for Spill Reconnaissance 
RMI (Remote Mobile Investigator) 
Safellft Air Cushion System 
Solids Broadcaster (MSA Rockduster) 
Vetter Power Lifting Bags 
Wizard Self-Propelled Drum Deheader 
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331 

331 
332 
334 
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338 
341 
343 
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xv 

INDEX - BY COMPANY 

This mdex IS organized by company names assoCiated with all products, prototypes and concepts 
appearing In the survey. 

Company Name 

Astro Pyrotechmcs Ltd. 

Abbott Rubber Co. 

Acurex Waste Technologies, Inc. 

AeroJet - General CorporatIOn 

Aeroqulp (Canada) Inc. 

Aero Tec LaboratOries, Inc. 

Alresearch, Inc. 

A&J Manufacturmg Co. 

Alsthom AtlantiC, Inc. 

Amazon Hose & Rubber Co. 

American Cleaning Equipment Corporation 

American CollOid Company 

American Pump Company, Inc. 

Amflre Industries Incorporated 

Analytical Research Laboratories, Inc. 

Anco Chemicals Limited 

Andesl te of Cali forma, Inc. 

Aquatech - Moro 

Aquatechmque Sierre S.A. 

Ashcono Chemical see Federal Bentonite 

AtlantiC Research Corporation 

Atlanta Rubber Incorporated 

Avonlea Minerai Industries Ltd. 

Barrel Accessories & Supply Company (BASCO) 

Product No. 

129 

120 

138 

88 

120 

81 

4-0 

89 

81 

120 

39 
4-1 

11 

94-

153 

52 

50 

52 

4-0 

61 

14-1 

151 

120 

I I 

86 
155 
162 

DescriptIOn 

Pyrold PyrotechnIC Incendiary Device 

ACid, Chemical Hoses 

Acurex PCB DestructIOn Process 

Filter - Lined Container for 
Radioactive Materials 

ACid, Chemical Hoses 

FleXible Tanks 

Large SuctIOn DevICes 

Hazard NeutraliZing Container 

FleXible Tanks 

ACid, Chemical Hoses 

Small Suction Systems 
Hako Minuteman Vacuum Systems 

Bentonite Soil Sealing Systems 

American Teflon and Polypropylene Pumps 

Amflre Waterdrlll 

Safestep Sorbent 

Imbiber Beads 

Safestep Sorbent 

Large SuctIOn DevICes 

Apparatus for Chemical DecontaminatIOn 
of Water 

LARC (Light Activated ReductIOn of 
Chemicals) Process 
Compostlng and Land Farming 

ACid, Chemical Hoses 

Bentonite Soil Sealing Systems 

Salvage Drums 
Manual Drum Deheader 
Wizard Self-Propelled Drum Deheader 



Company Name 

Battelle Pacific Northwest Laboratories 

Bell & Gossett 

Bermingham Slurry Systems 

Betz Laboratories Ltd. 

B.F. Goodrich Canada Limited (Epton 
Industries In Kltchener, Ont., Canada) 

British Hovercraft CorporatIOn 

Busch Inc. 

BVC Limited 

Calgon Canada 

Calgon CorporatIOn 

Calspan CorporatIOn 

Calvin Calmon (U.S. Patent It 056 112) 

Canadian Air Compressor 

Capital Rubber CorporatIOn 

Cardinal Rubber & Seal Inc. 
Carlisle Tire and Rubber Co. 

Carolma Slurry Systems 

Cassler Engineering Sales, Ltd. 

Celanese Canada Inc. 

Central Engineering Co., Inc. 

Charles R. Dow EqUipment 

Chase-Walton Elastomers, Inc. 

Chemflx Technologies Inc. 

XVI 

Product No. 

58 

65 

95 

II 

80 

93 
120 
121 

81 

119 

39 

62 
63 

62 
63 

76 

75 

119 

120 

120 
25 
93 

II 

87 

so 

ItO 

55 

120 

132 
131t 

DeSCriptIOn 

Activated Carbon ApplicatIOn In Flowmg 
Streams 
System for ApplicatIOn of Slurried Carbon 
to Surface Waters 

Bell & Gossett Centrifugal Pumps 

BentoOite Soil Sealmg Systems 

SectIOn H PreCipitatIOn, FlocculatIOn and 
SedimentatIOn 

Polymeric Membranes 
ACid, Chemical Hoses 
B.F. Goodrich ACId and Chemical Tank 
Truck Hose 

FleXible Tanks 

Busch Vacuum Pump 

Small SuctIOn Systems 

Calgon Mobile Water Treatment UOit 
Carbtrol AdsorptIOn CaOisters (Calgon's 
Ventsorb IS Similar to Carbtrol.) 

Calgon Mobile Water Treatment Unit 
Carbtrol AdsorptIOn Canisters (Calgon's 
Ventsorb IS Similar to Carbtrol.) 

EPA Multipurpose Gellmg Agent 

Contamment of RadIOactive Wastes by Ion 
Exchange 

Bush Vacuum Pump 

ACId, Chemical Hoses 

ACId, Chemical Hoses 
MechanICal Covers 
Polymeric Membranes 

Bentonl te Soil Sealmg Systems 

Bulkdrum 

SectIOn H PreCipitatIOn, FlocculatIOn and 
SedimentatIOn 

Large SuctIOn DeVices 

Crisafulli Sludge Handling System 

ACid, ChemICal Hoses 

Fixation Technology 
Chemflx Process 



XVII 

---------- - -- - - --------- ----------- - --- -- ----------------
Company Name Product No. Descr I ptlOn 
- ------- - - - - - - - -- ------ --- -- ---- -- ------------------

Chemical 5eparatIOn Corp. 
The ChlorLne Institute, Inc. 

ClBA - Geigy 

C-I-L Inc. 

City Industrial 5ales Corp. 

City of Oxnard Fire Department 

Clark Products Company 

Clearing Contall1er 

Code 4- Rescue 

Columbia ReserVOir Systems Ltd. (Restech) 

Comar, Inc. (former Iy Moorehead Engll1eer lI1g 
Co.) 

Compressed Gas ASSOCiatIOn, Inc. 

Com pro - Vac DIvIsIOn of Valve-All Canada 
Ltd. 

Conenco InternatIOnal limited 

ConstructIOn Aids Technology Inc. 

Conwed CorporatIOn 

Crane Co. 

Crisafulli Pump Company, Inc. 

Cyanuntd Canada Inc. 

The D&D Group, Inc. 

Demco Incorporated 

Development SCiences, Inc. 

Diamond Shamrock CorporatIOn 

Dow Cherl1lcal Company 

Dow EqUipment 

DP Way CorporatIOn 

80 
I 

II 

11 

120 

157 

13 

86 

154-

92 

31 

3 

119 

23 

6 

4-S 

80 

55 
98 

80 

125 

64-

157 

4-9 

50 
80 

132 

98 

4-0 

SectIOn G Ion Exchange 
Chlorll1e Institute Emergency Kits A, B 
and C 

BentOnite Soil Sealll1g Systems 

Bentonl te SOil Sealll1g Systems 

ACid, Chemical Hoses 

Remote Controlled Hovercraft Vehicle for 
Spill Reconnaissance 

Clark Spllstopper Mat 

Salvage Drums 

Lamp-Lifter Air Cushions 

UnI t1zed Portable ReserVOir System 

Mobile 5urface Cleaner 

Emergency Safety Kit for VCM Tank Cars 

Bush Vacuum Pump 

Portadam 011 Barrier 

Plug N'Dlke 

Conwed D-Sorbent Pads 

SectIOn G Ion Exchange 

Crlsafulh Sludge Handlll1g Systems 
Crtsafulh Pumps 

SectIOn H PreCipitatIOn, FlocculatIOn and 
SedimentatIOn 

Diesel Engll1e Incll1erator 

Demco Hydrocyclones 

Remote Controlled Hovercraft Vehicle for 
Spill Reconnaissance 

Hazorb 

Imbiber Beads 
SectIOn G Ion Exchange 
FixatIOn Technology 

Crlsafulh Pumps 

Large SuctIOn DeVices 



XVIII 

--- -- ----------------
Company Name 

Dravo Lime Co. 

Dresser Mmerals 

DSMA Atcon Ltd. 

Dunlop Limited (GRG DIvIsion) 

Dutra Slurry Systems 

Dynacraft 

Dynesco Equipment Sales Ltd. 

Ecodyne 

Edwards & Cromwell Manufacturmg, Inc. 

E.I. Du Pont de Nemours & Company, Inc. 

EMCO Inc. 

Empex IndustrIal Hose 

Energetex EngineerIng 

Energy Resources Company, Inc. 

ENS CO (Energy Systems Co.) 

Envlrex Inc. 

Environmental Container Corp. 

Environmental ProcessIng Systems 
(EPS), Inc. 

Environmental Protection 
Polymers, Inc. 

Environmental Technology Corp. 

Environment Canada 

Epton IndustrIes 

E.S. Clark AssoCIates, Inc. 

Federal Bentonite (Ashcono 
Chemical) 

Product No. 

132 

11 

26 

81 
120 

II 

120 

100 

80 

2 

93 

50 

120 

124 

151 

50 

69 

32 

135 

7 

132 
133 

21 

23 
36 
46 
71 

120 

74 

11 

DescnptlOn 

FixatIOn Technology 

BentonIte Soil Sealing Systems 

Mobile Gas DispersIOn System 

Flexible Tanks 
ACId, Chemical Hoses 

Bentonite Soll Sealmg Systems 

ACid, Chemical Hoses 

Fybroc Fiberglass Pumps 

SectIOn G Ion Exchange 

Edwards & Cromwell Emergency Package 

PolymeriC Membranes 

Imbiber Beads 

ACId, Chemical Hoses 

Cleanflre Portable Incinerator 

CompostIng and Land FarmIng 

Imbiber Beads 

EPA Mobile PhYSical/Chemical Treatment 
Trailers 

Envlropac PCB Removal Kit 

EPS Mobile ProcessIng and Transfer 
Unit 

PolymerIC EncapsulatIOn of 
Containerized Hazardous MaterIals 

FixatIOn Technology 
BentonIte/Cement FixatIOn Process 

Spill ContaInment BarrIers 
(catalogue) 
Portadam Oil Barrier 
Mechanical Skimmers (catalogue) 
Spill Sorbents 
Mobile UltrafiltratIOn/Reverse 
OsmosIs Unit 

ACid, Chemical Hoses 

Chem-gel and Indusorb 

Bentonite Soil SealIng Systems 



Company Name 
-----------

Flexaust Canada Ltd. 

Flex Incorporated 

FLuid Automation, Inc. 

FLuid Solids Inc. 

Flygt Canada 

FMC Corporation 

Frank Ayles &. AssoCIates Ltd. 

Franklin Institute Research Laboratory, Inc. 

Frank Mohn Fusa A/S 

Frank Mohn Houston, Inc. 

Gates Canada Inc. 

Gates Rubber COinpany 

George Mann and Company Inc. 

Georgian Bay Fire &. Safety Supplies Ltd. 

Gilkes Pumps Inc. 

Globe Linings, Inc. 

Goodall Rubber Co. 

Goodall Rubber Co. of Canada Ltd. 

Goodyear Canada Inc. 

Goodyear Rubber Products Corp. 

Goodyear Tire and Rubber Co. 

Gourock Industries 

Greif Containers Inc. (Canada) 

Greif Bros. Corporation 

Ground Engineering Ltd. 

Ground Slurry Systems, Inc. 

XIX 

Product No. DescriptIOn 

120 

120 

116 

21 

99 

80 

39 
45 

143 

101 

101 

120 

122 

16 

6 

102 

25 

123 

120 
123 

120 

120 

93 
147 

109 

86 

86 

11 

11 

ACId, Chemical Hoses 

ACid, Chemical Hoses 

u.S. Coast Guard ADAPTS 
Pumping System 

Spill Containment Barriers 

Flygt Submersible Pumps 

Reference 8, Section C Chemical 
OXidation/ReductIOn 

Small Suction Systems 
Spllivac Vacuum Umt 

NaPEG'" System 

Framo Submersible Pumps 

Framo Submersible Pumps 

ACId, Chemical Hoses 

Gates Chemical Handling Hose 

George Mann Chemergency Kit 

Plug N'Dlke 

Gilkes 3.25 F Portable Emergency Turbo 
Pump 

Mechanical Covers 

Goodall Chemical Hose 

I\Cld, Chemical Hoses 
Goodall Chemical Hose 

ACid, Chemical Hoses 

ACid, Chemical Hoses 

Polymeric .""embranes 
Sodium Naphthallde Method for Disposal of 
PCBs 

Marco UIOI Capsulpump 

Salvage Drums 

Sal vage Drums 

Bentomte Soil Sealing Systems 

Bentonite SOIL Sealing Systems 



Company Name 

Groundwater Technology, Inc. 

Gulf Seal Corp. 

Gundle Ltntng Systems 

Harner Manne Limited 

Hoover Universal, Inc. 

Hose Technology Inc. 

HP Power Devices Ltd. 

Hydro Dynamics Ltd. 

IIltnolS Water Treatment 

Indian Spnngs Mfg. Co., Inc. 

Industrtal and MUnicipal Engtneenng 

Industrtal Blo-Test Laboratones, Inc. 

Industrial Plastics Canada Ltd. 

Industrial Sales Ltd. 

Industnal Services InternatIOnal, Inc. 

Infdco 

Ingersoll-Rand Canada Inc. 

Ingersoll-Rand Company 

Insta-Foam Products, Inc. 

Insulated Duct & Cable Company, Inc. 

InternatIOnal Mtnerals and Chemical Corp. 
(Imcore DIvIsiOn) 

IPC Systems, Inc. 

IPM Supplies Ltd. 

ITT Industries of Canada Limited 

I.U. Conversion Systems, Inc. 

Jebco Slurry ASSOCIates (Jebco Slurry Systems) 

Jerry Bros. Belttng Co., Inc. 

Johnston Industrtal Plastics Ltd. 

xx 

Product No. 

38 

25 

93 

39 
42 

87 

120 

120 

94 

80 

40 

66 

4 

120 

74 

80 

103 

103 

15 

120 

11 

63 

120 

95 

132 

11 

120 

120 

DescriptIOn 

Scavenger Portable Separator 

Mechanical Covers 

Polymertc Membranes 

Small SuctIOn Systems 
Harner HI-Vac Vacuum Units 

Bulkdrum 

ACid, Chemical Hoses 

ACid, Chemical Hoses 

Amertcan Teflon and Polypropylene Pumps 

Section G Ion Exchange 

Chlortne Institute Emergency Kits A, B 
and C 

Large SuctIOn DeVices 

Dynactor 

Miisheff Spray-Stop Valve and Flange 
Covers 

ACid, Chemical Hoses 

Chem-gel and Indusorb 

SectIOn G Ion Exchange 

Ingersoll-Rand GRP Pumps 

Ingersoll-Rand GRP Pumps 

Froth-Pak Portable Foam System 

ACId, Chemical Hoses 

Bentonite Sod Sealtng Systems 

Carbtrol AdsorptIOn Canisters 

ACid, Chemical Hoses 

Bell & Gossett Centrtfugal Pumps 

FixatIOn Technology 

BentonJte Soil Sealtng Systems 

ACid, Chemical Hoses 

ACid, Chemical Hoses 



Company Name 

John Vlssers Sales Corp. 

JRB Associates 

J.T. Baker Chemical Company 

Kepner PlastiCS Fabricators, Inc. 

Kingston Enc Sales Ltd. 

Kleber Marston Products 

Kleener Kleener Inc. 

The Kontro Company, Inc. 

Kunyama of Amenca, Inc. 

Lab Safety Supply 

Law Engineering Testing Co. 

Law Jack Engineering Ltd. 

Levitt-Safety Ltd. 

Lexcan Industrial Supply Ltd. 

LFE Canada Limited 

LFE CorporatIOn 

Little Giant Pump Company 

L. T. Industnes 

Lutz Pumps, Inc. 

Mandem 

Manlerre CorporatIOn 

March Manufacturing, Inc. 

Manne Construction & DeSign Company 

Manne Pollution Control 

Marl tllne Hydraulics and Machinery 

Mateson Chemical Corp. 

XXI 

Product No. DescnptlOn 

96 Chemtrol Centnfugal Pumps 
97 Corcoran Centrifugal Pumps 

104 Kontro Seal-less Pumps 
107 Lutz Drum Pumps 
113 Serflico Centnfugal Chemical Pumps 

12 Capture and Containment Bag 
14 Foamed Concrete Barner System 
34 Subsurface SOli Surfactant 

79 Patented Spill Control CompositIOns 

81 Flexible Tanks 

120 ACid, Chemical Hoses 

81 Flexible Tanks 

40 Large SuctIOn Devices 

104 Kontro Seal-less Pumps 

120 ACid, Chemical Hoses 

53 Spill Control Pillows 

10 ArtifiCial Ground Freezing 

120 ACid, Chemical Hoses 

29 Vapour Suppressing Foams 

93 Polymenc Membranes 

105 LFE Magnetic Dnve Pumps 

105 LFE Magnetic Dnve Pumps 

106 Little Giant Magnet-Driven Chemical 
Pumps 

120 ACid, Chemical Hoses 

107 Lutz Drum Pumps 

118 Wilden Air-Operated Diaphragm Pumps 

39 Small SuctIOn Systems 

108 March Chemical Pumps 

109 Marco U I 0 I Capsulpump 

115 Thune-Eureka Portable SubmerSion 
Pumps 

101 Framo Submersible Pumps 

77 Muck-up Adsorbent/SolidifYing Agent 



XXll 

- --------- - - - -- -------- - --- ------- ----------------- ------
Company Name 

Megator Corporation 

Memtek CorporatIOn 

Met-Pro Corporation 

Miller PlastICS 

Modar Incorporated 

Modutank, Inc. 

MSA Canada 

MSA Research CorporatIOn 

Multlqulp Inc. 

Nat Aranson and AssoCIates 

NatIOnal Car Rental Systems, Inc. (Mud Cat 
DIVISIOn) 

NatIOnal Foam Systems, Inc. 

Nepcco 

Nevtro Sales Ltd. 

NFE Canada Ltd. 

NFE International Ltd. 

NIlfIsk Ltd. 

Product No. DescriptIOn 

ltO Megator Slldmg-Shoe Pumps 

71 Mobde UltrafIltration/Reverse OsmosIs 
Unit 

67 EPA/Met-Pro Independent Physlcal/ 
ChemIcal Wastewater Treatment System 

100 Fybroc FIberglass Pumps 

108 March Chemical Pumps 

142 Modar Supercrltlcal Water OXidatIOn 
Process 

90 Modular Holding Tanks 
93 PolymerIC Membranes 

IS MSAR Dlke-Pak System 
27 MSA Portable Foamaker 
29 Vapour Suppressing Foams 

160 Solids Broadcaster (MSA Rockduster) 

12 Capture and Containment Bag 
14 Foamed Concrete BarrIer System 
18 MSAR Dlke-Pak System 
20 SOlI Surface Sealing 
27 MSA Portable Foamaker 
29 Vapour Suppressing Foams 
30 Vapour SuppressIOn by ArtifiCial Coolmg 
33 Sod ExtractIOn System 
59 ActIvated Carbon Regenerator 
81 FleXIble Tanks 
83 Portable CollectIOn Bag System 

160 Solids Broadcaster (MSA Rockduster) 

112 MultlqUlp QP Stamless Steel Pumps 

120 ACId, ChemIcal Hoses 

56 Mudcat Auger Dredgmg Unit 

29 Vapour Suppressmg Foams 

37 Petropurge Groundwater DecontaminatIOn 
System 

120 ACId, Chemical Hoses 

39 Small SuctIOn Systems 
40 Large SuctIOn DeVIces 
43 NFE HI-Vac Vacuum Cleaners/Conveyors 

39 Small SuctIOn Systems 
40 Large SuctIOn DeVIces 
43 NFE HI-Vac Vacuum Cleaners/Conveyors 

39 Small SuctIon Systems 



--- - - - ------ - - ---- -------- --
Company Name 

Nliflsk of America Inc. 

NL Industries Inc. (Barlod DIvIsIon) 

Nortech Corporation 

NRC Inc. 

Oli Recovery InternatIOnal 

Oli Recovery Systems, Inc. 

Omnlflex Industrial Sales Ltd. 

Ontario Hose Speclahtles Ltd. 

Ontario Liquid Waste Disposal Ltd. 

Ontario Research Foundation 

Ontario Rubber 

Ontor Limited 

Pantasote Company of New York Inc. 

Pantek Industrial Products 

Paratech Incorporated 

Peabody Myers 

Peacock Incorporated 

Pec EngmeerIng 

Pedsco Canada Ltd. 

Permutlt 

Petro-Trap 

Plastic Systems, Inc. 

Polybac CorporatIOn 

PolyqUlp Incorporated 

Power-Vac, Inc. 

PPM Incorporated 

Prenco Incorporated 

XXIII 

Product No. 

39 
44 

II 

39 

5 

81 

38 
57 

60 

120 

120 

132 

149 

120 

106 

93 

120 

156 

40 

114 

132 

158 

so 

51 

25 

152 

112 

40 

144 

128 

DescriptIOn 

Small SuctIOn Systems 
Nliflsk Mercury Vacuum Cleaner 

Bentonite Sod Sealmg Systems 

Small SuctIOn Systems 

NRC Tantalum Patch KIt 

Flexible Tanks 

Scavenger Portable Separator 
Activated Carbon Adsorber Water 
PUrificatIOn System 
Air Strlppmg Water PUrificatIOn System 

ACid, Chemical Hoses 

ACId, ChemIcal Hoses 

FixatIOn Technology 

OntarIO Research FoundatIOn Wetox Process 

ACId, ChemIcal Hoses 

Little Giant Magnet-Driven Chemical 
Pumps 

Polymeric Membranes 

ACid, Chemical Hoses 

Maxlforce Llftmg Bags 

Large SuctIOn Devices 

SPATE Induced Flow Pump 

FixatIOn Technology 

RMI (Remote Moblle Investigator) 

SectIOn G Ion Exchange 

Petro-Trap 

Mechanical Covers 

Polybac, Mutant Bacterial Hydrocarbon 
Degrader 

Multlqulp QP Stamless Steel Pumps 

Large SuctIOn Devices 

PPM Inc. Moblle PCB DestructIOn Process 

Prenco Moblle Incmerator 



XXIV 

--- - - - - - ----- ------------
Company Name 
----------------- --- -- ----

Pronal SA 

Pyro-Magnetlcs CorporatIOn 

QIP Equipment LUTIlted 

Qumcy Adams Marine Basm Inc. 

Resmol Plastic Industries Ltd. 

Response Systems, Inc. 

Rexnord Inc. 

RIver Rubber and Belting Company, Inc. 

RNG Equipment 

Robbms & Myers Company of Canada Limited 

Robbins & Myers, Inc. 

Rockwell InternatIOnal 

Rockwood Systems CorporatIOn 

Rohm and Haas 

Romlcon, Inc. 

R.S. Corcoran Company 

Safety Supply Co. (Canada) 

Samson Ocean Systems, Inc. 

Sanlvan Inc. 

Sarnaftl Canada Limited 

Schlegel Lmmg Technology Inc. 

SCientific SerVICe, Inc. 

Seaman CorporatIOn (Shelter-Rite) 

SED, Incorporated 

Product No. 

81 

130 

120 

21 

120 

82 

17 
33 

120 

38 

III 

III 

S 
127 
139 

29 

SO 
80 

70 

97 

9 
161 

24 

6 
19 
37 

40 
49 

93 

93 

22 

93 

32 

DescriptIOn 

FlexIble Tanks 

Pyromagnetlcs Mobtle Incmerator 

ACid, Chemical Hoses 

Sptll Contamment Barriers 

ACId, Chermcal Hoses 

DlOdon Flexible Tank 

In-Situ Containment and Treatment Systems 
Sotl Extraction System 

ACId, Chemical Hoses 

Scavenger Portable Separator 

Moyno Progressmg Cavity Pumps 

Moyno Progressll1g Cavity Pumps 

Rockwell External Leak Pluggmg System 
Mobtle Molten Salt DestructIon Unit 
The Brommatlon Process 

Vapour Suppressmg Foams 

Section G Ion Exchange 
Sect 1011 H PreCIpItatIOn, FlocculatIOn and 
Sedl mentation 

Hollow Fiber UltrafIltratIOn (UF) System 

Corcoran Centrifugal Pumps 

Vetter Sealmg Bag 
Vetter Power Llftmg Bags 

Sea Curtam Barrier 

Plug N'Dlke 
Santtrap Hole Cover 
Petropurge Groundwater Decontammatlon 
System 
Large SuctIon Devices 
Hazorb 

Polymeric Membranes 

Polymeric Membranes 

Mobtle Stream DiversIOn System 

Polymeric Membranes 

Saraspac PCB Removal Kit 



xxv 

Company Name Product No. DescriptIOn 
------------------------------

Serfilco 113 Serftlco Centrifugal Chemical Pumps 

Service Rubber and Gasket Company, Inc. 120 ACid, Chemical Hoses 

Shelter-Rite (DIvIsIOn of Seaman 93 Polymeric Membranes 
Corporation) 

Shenandoah Industrial Rubber Company 120 ACid, Chemical Hoses 

5mclalr MacDonald Products 39 Small SuctIOn Systems 
I.j.I Hako Mmuteman Vacuum Systems 

Skunmex Ltd. 81 Flexible Tanks 

Skolmk Drum Corporation 86 Salvage Drums 

Shckbar, Inc. I.j. Milsheff Spray-Stop Valve and Flange 
Covers 

Sludge FixatIOn Technology Inc. 132 FixatIOn Technology 

SMS Limited 108 March ChemICal Pumps 

Snap-TIte Hose, Inc. 120 ACid, Chemical Hoses 

5011 Recovery, Inc. 11.j.8 The SOli Recovery Process 

Soper's Engineered Fabric Products 81 Flexible Tanks 
81.j. Port-A-Tank 

Sorbco 1.j.8 Conwed D-Sorbent Pads 

Stabatrol CorporatIOn 132 Fixation Technology 

Stablex CorporatIOn 132 Fixation Technology 

Stevens Elastomenc and Plastic Products Inc. 93 Polymeric Membranes 

Sun-Flow, Inc. 120 ACid, Chemical Hoses 

5UNOHIO Company 11.j.5 SUNOHIO PCBX Process 

Super Products 1.j.0 Large SuctIOn DeVices 

Task Force Enterprises 92 Umtlzed Portable ReserVOir System 

Taylor-Parker Co., Inc. 120 ACid, Chemical Hoses 

Technotherm Inc. 101.j. Kontro Seal-Less Pumps 

Thatcher Engineering Corp. (Slurry Systems) II Bentonite Soil Sealing Systems 

Thom pson-Chem trol 96 Chemtrol Centnfugal Pumps 

3M Canada Inc. 29 Vapour Supresslng Foams 

3M Company 29 Vapour Supresslng Foams 



Company Name 

Thune-Eureka A/S 

TJK, Inc. 

TOPP Hyglemcs Ltd. 

Transport Canada 

Transtech Contamer Systems Company, Ltd. 

Transway Systems, Inc. (formerly 
J.B. Systems Ltd.) 

Trecan Limited 

TrelJeborg AB 

Triangle Resource Industries (TRI) 

TR W Systems Group 

Umroyal Inc. 

United McGill Corp. 

United States Testmg Company Inc. 

UniverSity of California 

University of Lowell 

U.S. Coast Guard 

U.S. ECOlOgy 

U.S. EnVironmental ProtectIOn Agency 
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Product 

115 

132 

11-7 

26 

81 

11-0 

131 

81 

35 
136 

132 

21 
81 

120 

21 

78 

111-0 

73 

28 
116 

91 

7 

8 
12 
111-
17 
20 
22 
211-
25 
30 
33 
311-
11-6 
58 

59 
65 

No. DeSCriptIOn 

Thune-Eureka Portable Submersible Pumps 

FixatIOn Technology 

Absol Absorbent and Flame Retardant 

Moblle Gas DisperSIOn System 

Flexible Tanks 

Large SuctIOn DeVices 

Trecan Portable InCinerator 

Flexible Tanks 

TRITEK Transportation Emergency Kit 
TRIPAK Liquid SolldlflcatlOn Compound 

FixatIOn Technology 

Splll Contamment Barriers 
Flexible Tanks 
ACid, Chemical Hoses 

Splll Contamment Barriers 

Splll/Clean Gelllng Agent 

Degradation by Superoxlde 

Amme Carbamate Gelling Agent and 
AppllcatlOn System 

Vapour ReductIOn DeVice (VRD) 
U.S. Coast Guard ADAPTS Pumpmg System 

RepOSitory for Flsslle Materials 

Polymeric EncapsulatIOn of Contamerlzed 
Hazardous Materials 
Rockwell External Leak Pluggmg System 
Capture and Containment Bag 
Foamed Concrete Barrier System 
In-Situ Contamment and Treatment System 
Soli Surface Seahng 
Moblle Stream DiverSIOn System 
Sea Curtam Barrier 
Mechanical Covers 
Vapour SupresslOn by ArtifiCial Coolmg 
Solvent ExtractIOn System 
Subsurface Soli Surfactant 
Spill Sorbents 
Activated Carbon AppllcatlOn m Flowmg 
Streams 
Activated Carbon Regenerator 
System for ApphcatlOn of Slurried Carbon 
to Surface Waters 
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--- - - - -- --------- - - - - --------- ---- ------- --- - - -----
Company Name Product No. Descr I ptlon 
------ - -- ---------- - ------------ - - -- --------------

Vac-U-Max 

Valve-All Canada Ltd. 

Versatech Products Inc. 

Vetter Systems 

Vlbro-Flo Inc. 

Vlkoma International Ltd. 

WaJax Industries Ltd. 

The Warren Rupp Co. 

Washmgton State University 

Werner and Pfleiderer Corp. 

Westgate Research Corp. 

Wtlden Pump and EqUipment Co. 

Wtlham R. Selwood Ltd. 

W tlson & Cousms 

Wizard Drum Tools 

Wm. W. Myers & Sons Inc. 

Wormald CDN Inc. 

Wormald U.S. Inc. 

Wreckers InternatIOnal Ltd. 

Wyo-Ben Inc. 

York Fluid Controls Ltd. 

66 
67 

68 

69 

76 
83 

126 
139 
157 

39 

119 

81 

9 
161 

120 

39 

40 

117 

132 

132 
137 

146 

118 

114 

156 

155 
162 

40 

29 

29 

159 

11 

118 

Dynactor 
EPA/Met-Pro Independent Physlcal/ 
Chemical Wastewater Treatment System 
EPA Mobtle FlocculatlOn-SedllnentatlOn 
System 
EPA Mobtle Physical/Chemical Treatrnent 
Tratlers 
EPA Multipurpose Gellmg Agent 
Portable Collection Bag System 
EPA Mobtle IncmeratlOn System 
The BrormnatlOn Process 
Remote Controlled Hovercraft Vehicle for 
Spill Reconnaissance 

Small Suction Systems 

Busch Vacuum Pump 

Flexible Tanks 

Vetter Sealmg Bag 
Vetter Power Llftmg Bags 

ACid, Chemical Hoses 

Small SuctIOn Systems 

Large Suction DeVICes 

Warren Rupp VIP Sandpiper Pumps 

FixatIOn Technology 

FixatIOn Technology 
Volume Reduction and Sohdlflcatlon 
System (WPC - VRS) 

Westgate Ultrox (UV - OXidizer) Process 

Wtlden Air - Operated Diaphragm Pumps 

SPATE Induced Flow Pump 

Maxtforce Llftmg Bags 

Manual Drum Deheader 
W Izard Self-Propelled Drum Deheader 

Large SuctIOn DeVices 

Vapour Suppressmg Foam 

Vapour Suppressmg Foam 

Safehft Air Cushion System 

Bentonite SOil Seahng Systems 

Wilden Air-Operated Diaphragm Pumps 
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--- - - ------- - - -- --------------------------
Company Name Product No. DescriptIOn 
---- - ----- ------- -- ---------- - -------------------

Zimpro Inc. 72 

150 

Zumro Inc. 15lt 

PACT Mobile Wastewater Treatment 
System 
Zimpro Wet Air OXidatIOn Process 

Lampe-Lifter Air CushIOns 



I CONTAINMENT 



CONT AINMENT 

1.1 Leak MItigatIon 

PRODUCT CHLORINE INS TITUTE 
EMERGENCY KITS "AI! "B" AND "C" 

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

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol Fl Sk 

* * * 

(see also Status of Development and Usage) 

No. 1 

DESCRIPTION - Emergency Kit A containS tools and deVices deSigned to stop and/or contain leaks In the 
standard DOT 3A480 cylinder of 45 to 68 kg (l00 to 150 Ib) capacity In chlorine serViCe only. It IS not 
deSigned to be used on liqUid full cylinders. 

Kit B contains tools and deVices deSigned to stop and/or contain leaks In the standard DOT 106A500X 
chlorine ton container In chlorine service only. Not deSigned to be used on liqUid full ton containers. 

Kit C contains tools and deVices deSigned to stop and/or contain leaks In the standard DOT I05A500W 
chlorine tank car and the DOT MC331 chlorine cargo tank In chlOrIne service only. 

Assembly Mode 

CHAINS 

DIAMOND 
LINKS 

BASE ASSEMBLY WITH CHAINS 

HOOD ASSEMBLY WITH 
VENT VALVE 

OPERA TING PRINCIPLE - Leaks In chlorine shlppll1g containers are stopped and/or contained by the 
applicatlOn of the deVices uSing the tools supplied In the kits. Procedures are prOVided In kit InstructlOns. 

PHYSICAL SPECIFICA nONS - Kits are contained In steel boxes which measure: 

KIt A- 692 x 257 x 254 mm (27 1/4 x 10 1/8 x 10 In) (length x Width x depth) 
Kit B - 692 x 257 x 254 mm (27 1/4 x 10 1/8 x 10 In) 

Kit C- 718 x 308 x 308 mm (28 1/4 x 121/8 x 121/8 In) 



Kit A 
Kit B 
Kit C 

Net Weight 
kg (Jb) 

4-5.4- (100) 
4-9.9(110) 
79.8 (176) 

2 

Gross Weight 
kg (Jb) 

4-7.6(105) 
52.2 (115) 
86.2 (190) 

OPERATING SPECIFICATIONS - Services the follOWing chlorine containers: 

Kit A 

4-5.5 kg (100 Ib) 
68.0 kg (150 Ib) 
cylinders 

Kit B 

970 kg (2000 Ib) 
container 

Kit C 

tank car 
tank trucks 

These three kits are not sUitable for chlOrine barge tanks. Manufacturer can fabricate chlorine barge kits 
If supphed with drawings. 

STATUS OF DEVELOPMENT AND USAGE - In general use, these kits have been used with S02, phosgene, and 
hydrofluoric aCid containers. A written release of responslblhty from the purchaser IS required If the klt(s) 
IS used In any service other than chlOrine. 

PERFORMANCE - Not documented. 

AV AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Indian Springs Mfg. Co., Inc. 
2095 W. Genesee Road 
P.O. Box 112 
Baldwlnsvllle, NY 13027 
U.S.A. 
Telephone (315) 635-6101 
Contact: Mr. Maurice J. Ferguson 

Information: 

The ChlOrine Institute Inc. 
34-2 Madison Ave. 
New York, NY 10173 
U.S.A. 
Telephone (212) 682-4-324-

OTHER DATA - Respirators and other personal protection equipment are not Included In the kits but must be 
used when investigating and correcting chlOrine leaks. 
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PRODUCT EDWARDS & CROMWELL EMERGENCY PACKAGE No.2 

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

APPLICABILITY Gas liquid 
Sol FI 

* * * 

Sk 

* 

Sol 
Soltd 
FISk 

DESCRIPTION - A pre-packaged collection of commonly used components for emergency and temporary leak 
stoppage of ltquld or bulk hazardous materials transported In common containers. 

HARDWOOD CRIBBING 

TOOLS 

OPERATING PRINCIPLE - Punctures or cracks are sealed on a temporary basIs usmg kit materials supplted. 

PHYSICAL SPECIFICATIONS - Kits Include sheet metal screws with neoprene compressIOn seals, tubeless tire 
repair kit, lead wool, epoxy putty, hose repair tape, barricade tape, basIc hand tools, 20.3 x 30.5 cm (8 x 12 
In) neoprene ladder patch, two 6.1 m (20 ft) chains With "5" hooks and binders, T -bolt patches, assorted 
surface and wooden plugs. 

OPERA TING SPECIFICATIONS - Kits are designed for use only by experienced and trained personnel and only 
for temporary sealtng. AppitcatlOn IS possible to drums, cans, tank trucks and cars, storage tanks, etc. 
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STATUS OF DEVELOPMENT AND USAGE - Klts are commerCially avallable composed of commonly used 
components. 

PERFORMANCE - Not documented for sp!lls of hazardous materials. Should be well sUited for indicated use. 

AV t\ILABILITY AND COMMERCIAL INFORMA nON -

Edwards & Cromwell Manufacturing, Inc. 
1 2016 Per kin Road 
Baton Rouge, LA 70810 
U.S.A. 
Telephone (504) 292-3377 

OTHER DATA - Product noted In Cashman, J.R. Hazardous Materials Newsletter (November 7, 1983). 
Package components are also referred to In Texas A & M hazardous material control course (\980). 
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PRODUCT EMERGENCY SAFETY No.3 
KIT FOR VCM TANK CARS 

APPLICABILITY Gas liquid Solid 
Sol FI Sk Sol FI Sk 

* * 

applies to liquefied compressed vmyl chloride (see below) 

DESCRIPTION - A protective housmg arrangement and emergency safety kit for leakmg valves on vmyl 
chloride monomer (VCM) tank cars. The emergency kit contains four sizes of cans, equipment to hold cans 
m positIOn, and various tools. 

OPERATING PRINCIPLE - The leakmg flttmg IS covered with a can. A cross bar IS placed over the can and a 
compressIOn screw IS used to force the can downward until the bottom edge of the can forms a seal around 
the manway cover. 

PHYSICAL SPECIFICATIONS -

Can A Can B Can C Can 0 

194 x 194 mm 184 x 192 mm 212 mm 1.0. 76 mm 1.0. 

Cross Bar and Tie Bar dimenSIOns not given m specificatIOns. 

Gasket to be approved by Compressed Gas ASSOCIatIOn. 

Only mtended for use on VCM cars with manway covers deSigned under CGA P-IO-\980. ThiS mcludes 
new 508 mm (20 m) or retrofitted 457 mm (I8 m) manway covers. 

OPERATING SPECIFICATIONS - Consult manufacturer. 

STATUS OF DEVELOPMENT AND USAGE - Not documented for spills of vinyl chlonde or other hazardous 
materials. 

PERFORMANCE - Not documented. 

AVAILABILITY AND COMMERCIAL INFORMATION-

Compressed Gas ASSOCiatIOn, Inc. 
500 Fifth Avenue 
New York, NY 10110 
U.S.A. 

OTHER DATA - None available. 

Reference: "Standard for Vmyl ChlOride Monomer Tank Car Manway Cover and Protective HOUSing Arrange­
ment and Emergency Safety Kit" 1980; Compressed Gas ASSOCIatIOn, Inc. SpeCificatIOn CGA P-
10-1980. 
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----------------- ----------- - - - - ----- - - - - ------
PRODUCT MILSHEFF SPRAY-STOP 

VALVE AND FLANGE COVERS 

-------------- ------------ ----------- - - ------ - -- ------
APPLICABILITY Gas LiqUid Solid 

Sol Fl Sk Sol Fl Sk 

* * 

No.4 

DESCRIPTION - Cover can be used as an enclosed barrier to deflect leakage (e.g., a rnJst or a stream) at 
Jomts or valves and contam the liquids m one specific area; consists of a woven-glass fabnc and tie stnngs. 

FLANGE COVER Itype 11 FLANGE COVER (type 21 VALVE COVER 

INDICATING SPRAY STOP 

OPERATING PRINCIPLE - The cover IS wrapped around the leaking area and secured In place with tie string,. 

PHYSICAL SPECIFICATIONS - Fabnc coated With chermcal-reslstant Vinyl or teflon. Valve covers available 
In 11 sizes up to 653 mm (25.7 In) In height and 1270 mm (50 In) In circumference. Flange covers available 
for all ASA sizes from 13 mm (0.5 In) and up. 

OPERA TING SPECIFICA TIONS -
Temperature Upper Limit: 
Teflon (non-indicating) Spray-Stop: 260°C 
Standard (non-Indlcatmg) Spray-Stop: 104°C 
ReSistant to aCids, caustics and other mdustrlal chemicals. Can be attached or rernoved qUickly. Chermcal 
compatibility With Vinyl and teflon indicated. 

STATUS OF DEVELOPMENT AND USAGE - In general use. Intended for a vanety of substances. 

PERFORMANCE - No documentatIOn obtained. 

AVAILABILITY AND COMMERCIAL INFORMATION - U.S. Patents: 2,601,840 and 2,708,896. 

Manufacturer: 
Shckbar, Inc. 
250 Pequot Avenue 
Southport, CT 06490 
U.S.A. 
Telephone (203) 255-260 I 
Mr. John Sullivan 

Canadian Dlstrtbutor: 
Industrial PlastiCS Canada Ltd. 
P.O. Box 93 
Fort Erie, Ontaf!O 
L2A 5M6 
Telephone (416) 871-0412 
Mrs. B. Smith 

Prlcmg - (effectl ve February 28, 1983) 
Costs for valve covers $14 to $350 (U.S.). 
Costs for flange covers $15 to $225 (U.S.). 

OTHER DATA - Safety Supply of Canada also distributes these speclahzed covers. SpeCIal applicatIOn covers 
for pumps and other equipment are supplJed by ')lickbar, Inc. Also avatlable are indicating spray-stop 
covers which give early warning of a leak by colour change and prOVide containment In the Immediate area. 
SpeCIal high temperature flange covers In various sizes for primary steam lines and hot liqUids up to 300°C 
supplted by SllCkbar, Inc. 

References: Manufacturer's Literature; personal communicatIOn, Mrs. B. Smith, Industrial PlastiCS Canada 
Ltd. (June 24, 1981); personal commUniCatIOn, Mr. J. Sulltvan, ,)llckbar, Inc. (January 27, 1984). 
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---------------
PRODUCT NRC No.5 

TANTALUM PATCH KIT 

APPLICABILITY Gas LiqUid Soltd 
Sol Fl Sk Sol Fl Sk 

* * * 

DESCRIPTION - A plugging device which can be used to patch leaks of hazardous chemicals from glass-lined 
equipment. The patch kit consists of a tantalum slotted stud, hex nut, disc and teflon gaskets. 

OPERATING PRINCIPLE - A hole IS drtlled and tapped In the leak area. The patch kit IS placed on top of the 
leak with the stud entermg the threaded hole. The stud and hex nut are tightened unttl a seal occurs 
between the patch kit and the surface matertal. 

PHYSICAL SPECIFICA nONS -

Part No. 

B2150-14-3-075 
B2150-14-3-100 
B2150-14-3-150 
B2150-14-3-200 
B2150-14-3-250 
B2150-14-3-300 
B2150-14-3-4-00 
B2150-14-3-500 
B2150-14-3-600 

Patch Size 

19 mm (3/4- In) 
25.5 mm (I In) 
38 mm (I 1/2 In) 
51 mm (2 In) 
63.5 mm (2 1/2 In) 
76 mm (3 In) 
102 mm (4- In) 
127 mm (5 In) 
152 mm (6 In) 

OPERA nNG SPECIFICA nONS - Resistant to corrosIOn by most orgamc and Inorgamc aCids at temperatures 
up to 200°C except hydrofluoric aCid, concentrated sulfUriC aCid and hot phosphortc aCid. Alkalts (bOiling) 
Will corrode tantalum patch. Can be used In areas where large leaks are Involved by acqulrtng larger size 
matenals. 

STATUS OF DEVELOPMENT AND USAGE - Item IS commerCially avatlable. Usage has not been documented 
for spills of hazardous materials. 

PERFORMANCE - No evaluatIOn data obtained. 

AV AILABILITY AND COMMERCIAL INFORM A nON -

NRC Inc. 
4-5 Industrial Place 
Newton, MA 02164-
U.S.A. 
Telephone (617) 969-7690 
Contact: Ms. S.R. Fernandez 

Supervisor Sales Services 

Cost - Ranges from $26.80 for 19 mm (3/4- In) size to $613.55 for 152 mm (6 In) size (May 1981). 

OTHER DATA - Also known as Norton tantalum patch kit. 

References: Manufacturer's Literature; personal communicatIOn, Ms. S.R. Fernandez, NRC Inc., (May 19, 
1931). 
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PRODUCT PLUG N' DIKE No.6 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

* * * 

DESCRIPTION - A granular matertal which when mixed with water forms a seal to control hazardous matertal 
spills. It IS a combmatlOn of a high water-absorption, corn starch-polyacrylonttrtle graft copolymer and a 
bentontte base. 

OPERATING PRINCIPLE - The material, mixed with water, forms a sticky paste which adheres to dirty, 
greasy or rusty surfaces to plug leaks. It can also be used to build contamment dikes to divert or contam 
spills, or plug storm sewers and drams. 

PHYSICAL SPECIFIC A TIONS - Form: Granular or premixed paste (see also Other Data) 
Density: Approximately I Q41 kg/m 3 (65 Ib/ft 3) 
Unhmlted shelf-hfe; not a skm-Irrltant 

OPERATING SPECIFICATIONS - Can plug leaks under 1.8 m (6 ft) to 2.4 m (8 ft) head of hquld. Can plug 
leaks on dirty, greasy, or rusty surfaces and while matertal IS flowmg over It. 

Mastic must be mixed wIth Plug N' Dike paste. 

W til control nltrtC and phosphOriC aCids for about 30 mmutes. Plug N' Dike will not control hydrogen 
peroxide. 

STATUS OF DEVELOPMENT AND USAGE - Product IS In general use and has undergone testmg (see 
followmg). 
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PERFORMANCE - Laboratory results reported by AMTEST Inc. usmg three methods of applicatIOn: 

-----------
A!2l2ltcatlOn Method 

Solvent ConcentratIOn (%) I II 1lI 
------------ -- ----- ----- --------
Acetic ACid 99 + NT 
Aqueous Ammonia 30 to 40 + NT NT 
Formaldehyde 37 + NT NT 
Hexane 99 + NT 
Hydrochloric ACid 37.9 + NT 
Hydrofluoric ACid 24 + NT NT 
Methanol 99 + 
Methylene Chlortde 99 + NT 
Methyl Isobutyl Ketone 99 
Nitric ACid 70 
Sulphuric ACid 95 to 98 + 
SodIUm Hydroxide (Aqueous) 50 + NT 
Toluene 99 + NT 
Trlel.b.Ylaml~~ ____ 99 + -----
+ POSitive result - negative result 

NT: not tested under that method smce It proved efficient With the prevIOus method. 
Method I: Dry dike sprayed With water to form thm seal on face of dike. 
Method II: Shghtly heaVier apphcatlOn of water, usmg shovel to smear surface and seal It to pavement. 
Method 1lI: Water mixed mto entire dike to form complete barrier. 

Case histories mclude the temporary plugg1l1g of a Jet fuel tanker 1I1volv1l1g a 15 cm (6 111) hole; stoppage of 
a leak from a 25 x 10 cm (10 x 4 111) tear along a seam 111 a tractor-trader usmg a 61 cm (24 111) Plug Rug 
patch; and conta1l1ment of a sptll from ruptured drums of chermcals m a creek via the formatIOn of a dike. 

AV AILABILITY AND COMMERCIAL INFORMA nON -

'vlanufacturer: 

ConstructlO'l Aids Technology, Inc. 
812 102nd N.E., Burton Bldg. 
Bellevue, W A 98004 
U.S.A. 
Telephone (206) 454-2034 
Contact: Mr. Btll Grlff1l1 

Cost ($ Cdn effective 1983): 

Canadian Distributors: 

Georgian Bay Fire &: Safety 
Suppltes Ltd. 

P.O. Box 803 
Owen Sound, OntarIO 
N4K 5W9 
Telephone (519) 376-6120 
Contact: Mr. Harold W. Bradley, 

President 

Granular, 111 pall: Premixed: 
3.6 kg (8 Ib) @ $24.98 
10.9 kg (24 Ib) @ $59.75 
21.8 kg (48 Ib) @ $106.50 

400 g (14 02) @ $15.00 
800 g (28 02) @ $28.65 

OTHER DATA - The company's products also 1I1clude: 

Sal1lvan Inc. 
1705 3e Avenue 
Montreal, Quebec 
HIB 5M9 
Telephone (514) 353-9170 
Contact: Mr. Pierre Richard 

(1) Plug N' Patch Kits (Series 100 and Series 200) - An epoxy patch which IS placed on the outside of the 
Plug N' Dike paste to prevent It from los1l1g ItS adheSIOn because of drY1l1g or vibratIOn. Both 
components used together provide a semi-permanent patch to keep the equipment 111 service. 

Pricing (effective 1983): Series 100 (Super-fast): $41.65; Senes 200 (Cure 111 air or underwater): $61.60 

(2) Plug Rug - A fabnc re1l1forced Plug N' Dike pad used to seal leaks and prevent spdls from entenng 
dra1l1s and storm sewers. For fuels as well as chemicals, 1I1clud1l1g ammonia and aCids. 

SIze and Cost (effective 1983): 41 x 61 cm (16 x 24 111): $52.50; 41 x 41 cm (16 x 16111): $42.70; 20 x 
20 cm (8 x 8111): $18.10. 

References: Manufacturer's Literature; Georgian Bay Fire and Safety Supplies Ltd., Owen Sound, Ontano. 
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CONCEPT: POLYMERIC ENCAPSULATION No.7 
OF CONTAINERIZED HAZARDOUS MATERIALS 

APPLICABILITY Gas LiqUid Soltd 
Sol Fl Sk Sol Fl Sk 

* * * * * * 

Note: Appltcable to Itqulds or soltds In ruptured containers. 

DESCRIPTION A conceptual technique of securing corroded or leaking containers (208L (55 USG) steel drums) 
by spraying or brushing on polymeric compounds. The purpose of this encapsulatIOn IS to make the 
containers safe to transport and to deposit within a final landfill disposal site. 

Fiberglass Casing 

~ 
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208 l (55 gal) 
~ 
~ 

Drum /' 
./ 

,~ 
" Filler 
I 
~. ; ,\' 0 o. R eSIn Jacket 

d 

.. 

< 
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Cylinder 

IJ-./ 
Tr 

Heater~ 

-
" " 

/CI 
/' 

E"'J.-- ---
amp 
Platen 

Cover 

Valve 

:.1-" 

f---

~ Pump 

- Receptacle 

208 l 
I--- Dr 

(55 gal) 
um 

OPERATING PRINCIPLE - Three methods are proposed. One method consists of applYing (by brush or spray) 
a layer of sealing material on the surface of the container followed by an outer Jacket matenal to prOVide 
strength and protection against mechanical and chemical stress. 

The combination of Inner/outer layers IS fiberglass-reinforced, thermosetting resin/water-based polyur­
ethane. 

A second method Involves fUSing powdered High DenSity Polyethylene (HDPE) to a thin casing of ftberglass­
reinforced epoxy resin sprayed onto the surface of the ruptured container. 

The third technique consists of weldtng 6.35 mm (1/4 In) polyethylene sheet to seal the openings of 
oversized polyethylene barrels tn which corroded, leaking or damaged drums have been placed. 

PHYSICAL SPECIFICATIONS - Materials investigated for the U.S. EnVironmental Protection Agency: 

Inner Layer Matertal: Spray-on chopped glass fiber IS preferrable (used to form shower stalls, tubs, 
etc.). Cloth, mat and roving-type fiber glasses are more expensive and more 
difficult to apply. 

Outer Jacket Material: Atmospheric temperature cUring polyurethane, such as Neorez R-960 cross­
linked With CX-IOO. 

Powdered High-DenSity: Polyethylene (HDPE) used In commerCial roto molding of polyethylene contain­
ers. Also pOSSible are PE's used In extrusion and blow molding, low-pressure, 
hnear PE and partlculated scrap PE. 
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OPERATING SPECIFICATIONS - Spray-on fiberglass and reSIn, USIng commercially avaIlable spray equipment. 
Neorez R-960 polyurethane cures at ambient temperatures (longer curIng tunes required at lower 
atmospherIc temperatures). Safety equipment must be worn by personnel durIng formulatIOn and 
fabrIcation of the polyurethane because of the toxIcity of the cross-lInkIng agent. Powdered polyethylene 
can be applIed USIng standard roto moldIng techniques. Formation of thICk coatIngs of the spray-on 
materIals reqUIres multiple applIcatIOns. PolyolefIns (IncludIng polyethylene) proved to be the best on a 
prIce/performance baSIS. Bitumens and asphaltlcs were less expensive than PE, but did not exhibit the 
engIneerIng properties required for strength. A plastIC weldIng apparatus similar to PE pipe weldIng 
deVices was developed to weld commercially avaIlable 6.35 mm 0/4 In) sheet PE to equally avaIlable 
rotomolded overpack contaIners. 

STATUS OF DEVELOPMENT AND USAGE - These technIques were Investigated as a concept only for the U.S. 
EnVironmental Protection Agency by EnVironmental Protection Polymers, Inc. In 1981. Use of these 
methods In response to a hazardous materIal spIll has not been documented. 

PERFORMANCE - ApplIcation of polyurethanes to the surfaces of flberglass/epoxlde substrates effectively 
sealed porosity eXistIng In the substrate, shOWIng excellent resistance to hydrolYSIS. ThiS method was 
concluded to be capable of retaInIng heavy metal salts, based on a sodium chlortde test solution. The 
polyurethane jackets ruptured under heavy compressIOn (greater than 20% of the height of the encapsulated 
contaIner ). 

Fiberglass-backed HDPE encapsulated contaIners 002 mm (4 In) cylInders, 76.2 mm (3 In) In diameter) 
exhibited good retention performance of heavy metals (NI, Cd, Hg, Cr, Zn, Cu, Sb, As, Se and Pb dissolved 
In hydrochlorIc aCid) even when severely distorted vertICally and laterally. 

Overpack polyethylene drums (6.35 mm 0/4 In) thick) were found to be water tight overpacks when sealed 
With 6.35 mm 0/4 In) polyethylene sheet. The supply of sheet stock and overpack drums represents the 
largest cost of thiS encapsulatIOn technIque. In 1981, material costs to encapsulate 80 000 drums 
(representative of a large chemical dump site) were estimated to be $4.8 mIllIon (U.S.), With labour and 
capital costs at $228 000 and $45 000 (U.S.) per year, respectively. 

AVAILABILITY AND COMMERCIAL INFORM A TION - The referenced study was performed by: 

EnVironmental ProtectIOn Polymers, Inc. 
13434 South Prairie 

for MUnICipal EnVironmental Research Laboratory 
U.S. EnVironmental ProtectIOn Agency 
CIncInnatl,OH 45268 Hawthorne, CA 90250 

U.S.A. U.S.A. 
Telephone (213) 970-9100 Contact: Carlton C. Wtles, Project Officer 

OTHER DATA - The applIcatIOn of spray-on/brush-on reSInS to contaIners leakIng corrosives and/or solvents 
requires further InvestigatIOn. 

References: LuboWltz, H.R. and R.W., Telles, EPA Project Summary: SecurIng ContaInerIzed Hazardous 
Wastes by EncapsulatIOn With spray-On/Brush-On ReSInS, U.S. EPA Report EPA-600/S2-81-140, 
(NTIS No. PB81-231 284) (August, 1981). 

LubowJtz, H.R. and R. W., Telles, EPA Project Summary: SecurIng ContaInerIzed Hazardous 
Wastes With Polyethylene ReSInS and Fiberglass Encapsulates, U.S. EPA Report EPA-600/S2-81-
138, (NTIS No. PB81-232 449) (August, 1981). 

LuboWltz, H.R. R.W. Telles, S.L. Unger, and R.R. PhIllIps, EPA Project Summary: securlllg 
ContaInerIzed Hazardous Wastes With Welded Polyethylene Encapsulates, U.S. EPA Report EPA-
600752-81-139 (NTIS No. PB81-231-292) (August, 1981). 



PROTOTYPE ROCKWELL EXTERNAL 
LEAK PLUGGING SYSTEM 

A.PPLICA.BILITY Gas Liquid 
Sol Fl 

* * * 

12 

No.8 

Solid 
Sk Sol Fl Sk 

* 

DESCRIPTION - Prototype devIce. A sIngle-component polystyrene foam system used to plug holes In 
ruptured or damaged vessels (e.g., ShIPS, tanks, etc.). MaIn components are a foam delIvery system, the 
applIcator tIP assembly, and a buoyancy package. The foam delIvery system consIsts of a foam-contaInIng 
lance and a gas pressure assembly whIch provIdes the drivIng force for expulsIon of the foam. The 
applicator tIP directs the foam for pluggIng holes or ruptures, and consIsts of a hardware assembly and an 
outer taIlored fabrIc. 

FOAM DlVERTER 

""'''''' '" ..I.. 1 
APPLICATOR TIP ASSEMBLY 

APPLICATOR ACTIVATED 

FOAM LOADING TUBE 
(Before loading) 

PRESSURANT ASSEMBLY 

CO, CARTRIDGE 

BURST DISC WITHIN BURST DISC WITHIN 

FOAM LANCE ASSEMBLY 
(WIth steel ball InsKle! 

OPERATING PRINCIPLE - The applIcator tIP IS posItIOned for optImum foam plug formatIon when the 
operator feels resIstance to further passage of the applIcator tIP Into the hole to be plugged. The fIrIng 
mechanIsm IS then activated, puncturIng the gas cartridge to feed carbon dIOxIde gas Into the lance. The 
gas pressure bursts a rupture dISC at the rear of the lance and drIves a chrome steel ball agaInst the 
pressurIzed foam mIX, breakIng the front rupture dISC and expellIng the polystyrene foam from the lance. 
The polystyrene, preVIOusly dIssolved In lIquefIed compressed gases, comes out of solutIon as the 
compressed gases vaporize at the lower ambient pressures. This results In the formation of a polystyrene 
matrix whIch expands and solidifIes WithIn the applIcator tiP fabriC resultIng In a rIgId foam plug. When 
the steel ball strikes the front burst dISC assembly, It forms a seal, preventIng the pressurant gas from 
enterIng the foam plug. 
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PHYSICAL SPECIFICATIONS -

Pressurant Gas: 

Rupture DISC: 

Polystyrene 
FormulatIon: 

ApplIcator TIP 
Assembly: 

Shelf-LIfe: 

C02 gas from cartndge 

To break @ 2.07 x 103 kPa (300 pSI) 

Monsanto CorporatlOn formula 
SOlId polystyrene In methyl chlonde 
Pneumatogen-compressed Freon 1331 gas 

Hardware covered by vinyl upholstery fabnc or polyester saIlcloth 
fabrrc 

PolymerIc coatings for tIP fabnc may Include - 3M ProtectIve 
Coating 1706, Gacoflex Neoprene N-116, Gacoflex Hypalon 
H-2220, NItrile Rubber and Fluorocarbon Rubber 

No weIght loss after 1 year 

OPERATING SPECIFICATIONS - Lower Temperature LImIt: O°C 
Can be deployed for leaks In hIghway trucks and traIlers, raIlroad cars, barges and other watercraft, 
statlOnary storage tanks and loadIng facIlItIes, and pIpelInes. Can be deployed In areas wIth an angle as 
lIttle as 20 degrees between the aXIS of the applICator and the surface of the tank at the hole. Can be 
deployed In areas wIth moderate heads, I.e., <2 m (6.6 ft) for hIghway tank trucks and <3 m (9.8 ft) for 
raIlway tank cars. Reusable system but not rechargeable In the field. 

STATUS OF DEVELOPMENT AND USAGE - EngIneerIng refInements to the pluggIng system have contInued. 
The U.S. Coast Guard has been traIned In Its use; however, applIcatIon to hazardous materrals spIlls has not 
been documented. 

PERFORMANCE - Tests of the prototype external leak plugger In an ocean enVIronment were conducted by 
the U.S. Coast Guard from a motorrzed flat-top barge located In FIshers Island Sound off the ConnectIcut 
coast from Avery POInt. Foam pluggIngs were made In cIrcular hole SIzes of 0.05, 0.10, 0.15 and 0.20 m, 
whIle target depths vaned on the average from 0.65 to 3.6 m. ExpulslOn effICIencIes averaged 91 % and the 
tIme for expulslOn In every case was only a few seconds (see tables for thIS entry). 

AVAILABILITY AND COMMERCIAL INFORMATION - Patent pendIng. 

Manufacturer: 

Rockwell InternatlOnal 
EnvIronmental MonrtorIng and SerVIces Centre 
EnvIronmental and Energy Systems DIvISIon 
2421 West HIllcrest Dnve 
Newbury Park, CA 91320 
U.S.A. 
Telephone (805) 265-3248 
Contact: Mr. R. W. Mel void 

Cost: ApproxImately $1000 (May 1980) 

OTHER DATA - The Rockwell External Leak PluggIng System can be used above water If necessary by 
removIng the buoyancy package. Work performed by Rockwell on the system has been sponsored by the 
U.s. Coast Guard and the U.S. EPA. WIth technIcal modIflcations to thIS system, It may be possIble to plug 
holes or cracks as small as 0.025 m across and holes or cracks WIth wall thICknesses as large as 0.20 m. 
Further research IS beIng carrIed out by Rockwell under the sponsorshIp of the U.S. EPA: 

EPA Project OffIcer: Mr. I. WIlder 
Telephone (20[) 321-6635 

Reference: Cook, R.L. and R. W. Melvold, Rockwell InternatIonal: "Rockwell Leak Plugger. A DeSCriptIon 
and GUIde for DetermlnIng ImplementatlOn", Proc. 1980 Nat. Cont. on Control of Hazardous 
Material SpIlls, pp. 316-321, (October, 1980). 
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PERFORMANCE DATA 

Expul-
CIrcular sJOn 

Test Lance Apphcator Hole Foam Effl- Plug 
Deslgn- Deslgn- TIp Fabric Fabric Temp. SIze Plug WeIght clency Densl~ 
atJOn* at JOn ModifIcatIOns Coatlng** (oC) (m) Descr IptJOn (kg) (%) (kg/m ) 

LTl A Old; Seams, PVC 9 0.10 good 0.33 90 35 

LT2 A Old; Cap Seam, 18 0.13 good 0.32 92 30 
PVC; Slot 

LT3 B Old; Cap Seam, 18 0.13 not good, fabric 0.32 92 30 
PVC; Flaps hose clamp shpped 

LT4 D Old; Seams, PVC 19 0.10 good, expo sIde searn 0.25 88 26 

LT5 C Old; Seams, PVC 19 0.13 very good, exposed 0.30 90 29 
sIde searn 

LT6 C Old; Cap Searn, 20 1.10 good 0.32 
PVC; Slot 

LT7 D Old; Cap Seam, 20 0.10 not good, ruptured 0.29 
PVC; Flaps on cap seam 

LIS B Old; Seams, PVC 20 0.13 not good, ruptured 0.36 
on cap seam 

LT9 A Old; Cap Seam, 20 0.10 x 0.20 good, exposed cap 0.36 
PVC; Slot (ova]) seam 

L TlO*** A Old; Cap Searn, 21 0.13 good, exposed cap 0.32 
PVC; Slot seam 

LTll*** C Old; Searns, PVC 11 21 0.10 good exposed cap 0.27 
searn and sIde seam 

LTl2 D Old; Searns, PVC 111 21 0.10 adequate, med. 0.25 
spheres 

LT13 A New 20 0.13 very good 0.32 

LTl4 B Old; Cap Searn 20 0.10 good 0.32 92 29 
PVC; Slot 92 30 

LTl5 C New 20 0.10 good 0.32 90 30 

LTl6 D Old; Cap Seam, 20 0.15 good 0.32 92 29 
PVC; Slot 

LTl7 B New Rev.a 21 0.10 very good 0.30 93 27 

LTlS A New 21 0.10 very good 0.30 92 27 

LTl9 B New Rev. 22 0.10 very good 0.31 93 30 

LT20 C New Rev. 111 22 0.10 very good 0.31 92 30 

LT21 A New Rev. 111 20 0.13 very good 0.29 90 27 

LT22 D New 1 20 0.15 good 0.26 90 22 

LT23 F New Rev. 20 0.15 very good 0.32 93 27 

LT24 G New Rev. 20 0.13 very good 0.31 91 27 

LT25 H New Rev. III 20 0.10 very good 0.31 90 26 

LT26 New Rev. 111 20 0.10 very good 0.31 90 29 

a New Reversed: fabriC tailored WIth Vinyl SIde out and then turned inSIde out. 
* tests conducted In lab. water trough uSing several polystyrene foam mIxtures (sarne theoretICal composItIon); wt. % of 

ingredIents: polystyrene, 53.0; glass rnlcroballons, 1.0; 1gepal C0970, 3.4; rnethyl chlOride, 28.5, freon 1381, 14 1. 
** coatings for apphcatlon to outsIde surface. I-3M ProtectIve Coating 1706; 11-Gacoflex Neoprene N-116; and 111-Gacoflex 

Hypalon H-2220. 
*** Duckbdl polyester sailcloth fabriC used Instead of usual Vinyl upholstery fabrIC; polymeriC coatings apphed to appltcator tIP 

fabriCS Include: neoprene rubber resIstant to refrigerants, hIgh-an dine-point petroleurn ods, mild aCIds and slltcate ester 
lubricants; hypalon rubber resIstant to salts, aCIds, alkalts and solvents; nttrde rubber resIstant to petroleum ods and flUIds, 
sdlcone greases and ods, dl-ester base lubrIcants and ethylene glycol base flUIds; and fluorocarbon rubber resIstant to rnost 
petroleum ods dl-ester base lubricants, sLllcone flUIds and greases, halogenated hydrocarbons, selected phosphate ester flUIds 
and aCIds. 
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1.2 Containment on Land 

------------ - - -------- -- -- -------- -- -- -------------- ---
PRODUCT VETTER SEALING BAG No.9 

APPLICABILITY Gas Liquid Solid 
Sol Fl sk Sol Fl sk 

* * * * 

DESCRIPTION - The sealing bag provides temporary repair for damaged pipes, tanks, tank trucks and railway 
cars containing hazardous chemicals and can also be used for closing gully openings. The system consists of 
sealing bag, attachment belts, compressed air hose and pressure reducer, and safety unit. 

OPERATING PRINCIPLE - The sealing bag IS placed on or In the leaking area and secured with the 
attachment belts. The bag IS Inflated with compressed air unttl a seal occurs between the bag and the 
surface matertal. 

PHYSICAL SPECIFICATIONS - Leak-Sealing Bag 0.5 bar) System: 

~ 

LB 5/20 
LB 20/48 

Width 
cm (in) 

20 (8) 
20 (8) 

Length 
cm (In) 

90 (35) 
170 (67) 

Applicable Pipe Diameter 
cm (In) 

5 to 20 (2 to 8) 
20 to 48 (8 to 19) 

Constructed of neoprene outer layer, with Inner layers of synthetic rubber and two layers of woven steel 
wire reinforcement, 20 mm (0.79 in) thick, and four sWivel rings. 



16 

Attachment Belts: 
DimensIOns: 50 mm x 5 m (2 In x 16 ft) Ratchet belt IS 2 m (6 1/2 ft) long 
constructed of Polyester with tensile strength of approximately 5000 kg 

Compressed Air Hose: 10 mm (inside dla.) x 10.7 m (35 ft) long (1/2 In x 35 ft). 
Compressed Air Pressure Reducer (200 bar): Adjustable to 16.& kPa, 2 manometers, shut-off valve plus I 
m (3.3 ft) compressed air hose. 
Safety Unit (1.5 bar): For connecting and deflating one leak sealing bag. 
Weight of Complete System: ApprOXimately 13 kg. 
AcceSSOries consist of extensIOn belts, moss-rubber sealing plates and aCid-proof protect I ve cover. 
Complete system sold as System 300; bags also known as Leak Bandages. 

Pipe and Sewer Sealing Bag 0.5 bar) System: 

Four types: 6 mm thICk 

Size Inflated Length Nominal 
(dla. (dla. With Valve Contents Weight 

~ cm) cm) (em) (L) ~ 

10/20 &.5 20 53 1.5 1.1 
20/40 19.0 40 55 10.7 4.2 
30/50 29.5 50 56 27.5 &.7 
45/100 45.0 100 63 76.0 12.7 

Constructed of multi-layer material With steel-reinforced nylon fabrIC. 
Compressed Air Hose: 10 mm (inSide dla.) x 10m (long). 
Compressed Air Pressure Reducer (200 bar): Adjustable to 16.& kPa, 2 manometers, shut-off valve, 1 m 
compressed air hose. 
Control Umt (1.5 bar): For connections and deflating two sealing bags. 
Weight of Complete System: approximately 6.5 kg. 
AcceSSOries consist of safety umt {1.5 bar), compressed air cylmders m sizes of 4 L, 6 L, 10 L, speCial 
connectors, foot pump and mflatmg and safety hose. 

OPERA nNG SPECIFICA nONS -

Leak Sealing Bag - Inflates via compressed air or hand pump. Can seal a surface of 500 x 300 mm With 
pressures up to 3.2 kPa m the sealing bag. Inflation time IS under 5 seconds. Most connections have 
qUick-actIOn coupling. Ambient workmg temperature IS 57°C (l35°F). 

Pipe Sealing Bags - ReSistant to temperatures up to 100°C. Can plug openings from 10 to 100 cm. 
InflatIOn time ranges from 5 to &0 seconds. Most connections have qUick-actIOn coupling. ChemICal 
cc,npatlbillty same as for neoprene. 

STATUS OF DEVELOPMENT AND USAGE - Products are commercially available. Usage has been reported 
for spills of hazardous materials. 

PERFORMANCE - No documentation obtained for spills of hazardous materials. Refer to distributor 
regardmg use of Vetter System at Mlsslssauga, Ontario spill whICh occurred November 10, 1979. 

AV AILABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Vetter Systems 
605 Parkway View Drive 
Pittsburgh, PA 15205 
U.S.A. 
Telephone (412) 7&7-7970 
Contact: Mr. H. Metcalfe, 

General Manager 

Canadian Distributor: 

Safety Supply Company (Canada) 
214 Kmg Street East 
Toronto, Ontario 
M5A IJ& 
Telephone (416) 292-&&&& 

Cost: 

Smgle valve control umt -
Dual valve control umt -
Sealmg Bag Type LB 5/20 -

LB 20/4& -
LB 10/20 -
LB 20/40 -
LB 30/50 -
LB 45/100 -

OTHER DATA - See Section 5 also for information on Vetter Llftmg Bags. 

( $Cdn) 

$ 206.3& 
$ 3&9.79 
$ 441.40 
$ 630.54 
$ 367.14 
$ 522.66 
$ &0&.66 
$2339.54 

References: Manufacturer's Literature; personal communICation Mr. J.S. Gordon, Safety Supply Company, 
(Canada), Ottawa, Ontario (January 30, 19&4) - for prIces. 



17 

----------- - - ------
PRODUCT ARTIFICIAL GROUND FREEZING No. 10 

APPLICABILITY Gas LiqUid SolId 
Sol FI Sk Sol FI Sk 

'" '" 
DESCRIPTION - Concept only concerning spills. Artificial ground freezing IS an established mining and cIvil 

engineering technique prOViding an Impermeable barrier to groundwater flow. The approach has been 
applied In the constructIOn of tunnels and cofferdams, and IS now being conSidered for the control of 
hazardous material spills, where tune allows ImplementatIOn of the approach. 

~ 
DEWATERING WELL ,--------

I 

: ' ,-EXCAVATION LIMITS ~ 

, ' I I 

FREEZEPIPE 

SUPPLY AND 
RETURN 
MANIFOLDS 

OPERA TING PRINCIPLE - Holes drilled vertically or hOrizontally Into the soIl are spaced apart to obtain the 
deSired closure freeZing time and freezewall thickness. Freezeplpes supplied With refrigerant from a 
manifold are then Inserted mto these holes. After freeZing, soIl retams the strength of soft rock by peri­
odiC re-refrIgeratlOn. ReInforcmg rods can also be added before freezmg to Improve strength of barrIer. 

PHYSICAL SPECIFICA TIONS - Ground freeZing equipment vanes With the applIcation. The basIC components 
mclude: dnllmg equipment, refrigeratIOn umt (USIng Brine, Nitrogen), freezeplpes, and supply and return 
manifold. At present, there are no systems deSigned specifically for hazardous materials spill control. 

OPERATING SPECIFICATIONS - Effective use of artifiCial ground freeZing requires prior knowledge of the 
direction and flow rate of groundwater, soli analYSIS (e.g., type, load-deformatIOn of the frozen soIl, 
mOisture content), assoCiated ground movements, as well as other hydrological consideratIOns. Site 
exploratIOn, laboratory testing, instrumentation and related data mterpretatlon capabilIty are reqUired. 

STATUS OF DEVELOPMENT AND USAGE - The approach IS at present In the conceptual stage as a means to 
qUickly (In less than 24 hours) Implement ground freeZing at a spill site. 

PERFORMANCE - Recent CivIl engmeerIng applicatIOns of ground freeZing mclude: 
tunneling beneath railroad tracks lf1 Washington, D.C., 
constructIOn of rapid transit tunnels beneath the Nlhonbashl River In Tokyo, and 
constructIOn of a sewer tunnel In Dusseldorf, West Germany. 

App!tcatlOn to hazardous materials spills has not been documented. 
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A V AILABILITY AND COMMERCIAL INFORMATiON -

Law EngIneering TestIng Company 
7913 Westpark Drive 
P.O. Drawer QQ 
McLean, VA 22101 
U.S.A. 
Telephone (703) 790-5700 

Contact: Mr. John S. Jones, Jr. 
Assistant V Ice-President 
Chief EngIneer 

OTHER DATA - ApplicatIOn of artificial ground freezIng to hazardous materials splll control IS beIng pursued 
by Law EngIneering Technology Company, McLean, V A, U.S.A., who are establishIng a subsidiary, Geosys­
tern Inc., to market and manage their technology (personal commUniCatIOn, J. Jones, December, 1983). 

Reference: Jones, J.S. Jr., "State-of-the-Art Report: EngIneerIng Practice In Artificial Ground FreezIng," 
EngIneerIng Geology, .!!, pp. 313-326 (1981). 
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----------------------------------------------------------------
PRODUCT BENTONITE SOIL SEALING SYSTEMS No. 11 

---------- - ---------- --------------------------- - - ------------- - ------------- - - ----
APPLICABILITY Gas Liquid Solid 

Sol Fl Sk Sol Fl Sk 

* * * 

DESCRIPTION - SodiUm bentonite IS a natural clay mineral with a molecular structure that permits water 
absorptIOn up to 15 times Its dry weight. BentOnite can be used to construct pollutIOn seepage cut-off 
walls to prevent lateral mlgratlOn of pollutants In SOil and to underseal and/or surface cover effluent 
storage lagoons, landfdls, and tailings storage ponds. 

oPERATING PRINCIPLE - Cut-off walls are constructed uSing either a slurry trench technique or the 
Vibrating beam technique. In a slurry trench, a bentOnite slurry replaces the excavated SOil, supporting the 
walls of the trench until It IS backfilled With an Impermeable material. 

There are four prinCipal slurry trench techniques: 

1) soil, bentOnite cut-off; 
2) cement-bentonl te cut-off; 
3) plastIC-concrete cut-off; and 
4) concrete cut-off or diaphragm wall. 

The Vibrating beam method uses the pressure injectIOn of slurry to construct a cut-off wall, eliminating the 
excavatIOn of contaminated soil. 

PHYSICAL SPECIFICATIONS - SpeCially formulated bentonite products are available as powder, With 75% to 
85% passing 200 mesh (subject to customer specificatIOn), and In granular form. The latter IS fine, free 
flOWing matenal With an average sieve analYSIS of 65% to 85% passing between 40 and 160 mesh, and With 
less than 10% finer than 200 mesh. 

OPERATING SPECIFICATIONS - BentOnite lowers soil permeability In dlrect proportion to the amount, type 
added, and Uniformity of blending when mixed With SOils. Powdered bentOnite IS usually applied under dry 
conditIOns between 10 to 20 kg/m 2 (2 to 4 Ib/ft 2) of soil, then covered wlth 5 to 10 cm (2 to 4 In) of 
compact native SOli. BentOnite IS activated by wetting, which IS a reverSible process. It can be dned, 
res welled and so restored to ItS preapplicatlOn conditIOn. 

STATUS OF DEVELOPMENT AND USAGE - Commercially available product requlflng slgmflcant tlme for 
ImplementatIOn and therefore of relevance to long-term proJects. Manufacturer has prOVided documenta­
tIOn as regards applicatlon to hazardous materIals spills (see follOWing). 



20 

PERFORMANCE - PollutIOn Seepage Cut-Off Walls constructed USing: 

VIbrating Beam TechnIque: 

10 m (33 ft) In depth around the Federal PIoneer LImIted plant sIte In Regina, Saskatchewan to contain 
PCB spIll (1980). ConstructIon TIme: 4- months. Three year performance data avaIlable: Ground 
EngineerIng Ltd., Regina. 

SoIl-bentOnIte Slurry Trench TechnIque: 

MaxImum depth: 7.2 m (23.6 ft). PremIer Street LandfIll ExpansIon, DIstrIct of North Vancouver, B.C. 
(1982). 

5.6 m (18 ft) depth. ConstructIOn TIme: 4- months. Mercury Control ImplementatIon, Thunder Creek 
Area, Moose Jaw, Saskatchewan (1981). 

6000 m (19 685 ft) long, maxImum depth: 8 m (26 ft). TaIlings Pond Cut-Off, Potash CorporatIon of 
Saskatchewan, Cory DIvIsIOn Ltd., Saskatoon, Saskatchewan (1979). 

213 m, (700 ft) trench 5.5 m (18 ft) deep, to cut off 5700 m3 (1.5 mIllIon U.S. gal) of coal tar from 
Brodhead Creek, Stroudsburg, PA, $1 212500 (U.S.) (1983). 

BentonIte admIxed WIth soIl for underseallng: 

ChlOrIde waste storage pond. C-I-L Inc., Becancour, Que. (1983). 

TaIling storage, speCIal waste storage, cobble ore storage, water storage, and fuel oLl storage faCIlItIes. 
UranIum Mine and MIll. Key Lake, Sask. (1982). 

PICkering LandfIll ExpansIon. CIty of Toronto. (Ongoing since 1978). 

Volclay SalIne Seal-IOO (bentOnIte clay) used to line a heavy metal waste sludges dIsposal area for CIBA­
GeIgy In Queensbury, NY. (1974- and Fall 1982): Overall CoeffICient of PermeabIlity of top liner was 
lower than State requIrements (approxImately 4- x 10-8 vs 1 x 10-7 cm/s). 

A V AIL ABILITY AND COMMERCIAL INFORMATION -

CanadIan Manufacturer: 

Avonlea Mineral Industries Ltd. 
204--4-4-01 Albert Street 
Regina, Sask. 
S4-S 6B6 
Telephone (306) 584--2911 

U.S. Manufacturers: 

AmerIcan CollOid Company 
5100 SuffIeld Court 
SkokIe, IL 60077 
U.S.A. 
Telephone (312) 966-5720 

Dresser Minerals 
P.O. Box 6504-
Houston, TX 77005 
U.S.A. 
Telephone (512) 972-2670 

NL IndustrIes Inc. 
BarlOd DIVISIOn 
P.O. Box 1675 
24-04- Southwest Freeway 
Houston, TX 77001 
U.S.A. 

Federal BentOnIte (Ashcono Chemical) 
1002 GreenfIeld Road 
Montgomery,IL 60538 
U.S.A. 
Telephone (312) 895-4-14-2 



InternatIOnal Minerals and Chemical 
Corporation 
Imcore DIvIsIOn 
666 Garland Place 
Des Plaines, IL 60016 
U.S.A. 
Telephone (312) 296-0600 

Contractors: 

Ground Slurry Systems Inc. 
415 Seventh Avenue 
Regina, Sask 
S4N 4PI 
Canada 
Telephone (306) 569-9075 
Contact: Mr. Doug Heenan 

Carolina Slurry Systems 
P.O. Box 186 
Morrisville, NC 27560 
U.S.A. 
Telephone (919) 782-2573 

Jebco Slurry ASSOCiates 
Jebco Slurry Systems 
1339 Chestnut Street 
Philadelphia, PA 19107 
U.S.A. 
Telephone (215) 568-5707 
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Wyo-Ben Inc. 
1242 North 28th Street 
P.O. Box 1979 
Billings, MT 59013 
U.S.A. 
Telephone (406) 252-6351 or 

1-800-548-7055 

Thatcher Engineering Corp. 
Slurry Systems 
7100 Industrial Avenue 
Gray, IN 46406 
U.S.A. 
Telephone (219) 949-0561 

Dutra Slurry Systems 
P.O. Box 338 
RIO Vista, CA 94571 
U.S.A. 
Telephone (707) 374-6339 

Bermingham Slurry Systems 
Wellington St. Marine Terminal 
Hamilton, Onto 
L8L 4Z9 
Canada 
Telephone (416) 528-7924 

OTHER DATA - For containment of concentrated chemical which would break down bentomte-based slurry 
cut-off wall, ASPEMIX, a slurry formulated uSing asphalt emulSIOns has been developed by Slurry systems, 
a diVISion of Thatcher Engineering Corp. 

Example: PollutIOn seepage control barrier constructed (using a Vibrating beam technique) around a pond 
containing waste pestiCides In California and a pond containing waste chemicals from a chemical 
recovery faCility In Michigan. 

References: Ground Engineering Ltd. 
415 Seventh Avenue 
Regina, Saskatchewan 
S4N 4PI 
Canada 
Telephone (306) 569-8561 
Contact: Mr. Paul KOZicki 

"Great Wall of Stroudsburg", Waste Age, pp. 94, 96 (April, 1983). 
Bentomte admixed With soil for undersealing: 

CIBA-Gelgy File B-D-7, "ClBA-Gelgy Industrial Landfill, Queensbury, NY" (1982). 
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-------- - - - -- - ----
PROTOTYPE CAPTURE AND CONTAINMENT BAG No. 12 

APPLICABILITY Gas LIquId SolId 
Sol Fl Sk Sol Fl Sk 

.. * .. 
DESCRIPTION - Prototype Device. A lIghtweIght, portable bag for containing and providing temporary 

storage of hazardous spills from ruptured tank trucks and ratlroad cars. 

OPERATING PRINCIPLE - The bag IS posItIOned at the leaking container and raIsed to ItS ultImate pOint of 
apphcatlOn by tIe lines. The large apron of the bag IS secured around the leaking port or valve In a draw­
string fashion uSing a cord fitted through grommets on the apron. The hazardous hquld can be transferred 
from the bag to a larger container by a butlt-In transfer line or contained In several bags connected In 
series. 

PHYSICAL SPECIFICATIONS - A double-bag constructIOn was selected for the prototype from among several 
polyethylene constructIOns tested. TypIcal constructIOn Includes: 

Inner Bag: Clear polyethylene ftlm with contlnuously-heat-sealed seams 6 mtl thIck. 

Outer Bag: Close-weaved fIbre-reinforced polyethylene ftlm. Sewn seams, coated wIth polyethylene tape 
(9 rml thIck). 

Both bags are the same SIze, approxImately 6.1 m long by 2.4 m wIde (20 X 8 ft), wIth a 3 mOO ft) apron at 
the opening and a 10 cm (4 In) transfer tube, 9.1 m (30 ft) long, at the other end. 

DesIgn capacity: 3785 L (1000 U.S. gal) 
Tare WeIght: approxImately 7.3 kg 06 lb) 
Storage Volume: less than 0.05 m3 (2 ft 3) 

OPERATING SPECIFICATIONS - Eastly transported by one man. Deployed by two men (safety equIpment 
recommended). 

STATUS OF DEVELOPMENT AND USAGE - Prototype bags are avaIlable to selected parties for trial use 
through JRB Associates (see following). 
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PERFORMANCE - MSA Research Corporation, developer of the bag, simulated a railcar spill accident with 
water leaking at 19 to 280 Lis (5 to 15 U.S. GPM) from a top hatch. Two men wearing safety eqUipment 
(chemical resistant clothing, respirators) attached the bag to the hatch In one attempt. A second bag was 
connected to the transfer hose of the first bag to Increase the total capacity of the system (more than 
3800 L (1000 U.S. gal)). No leaks were eVident In either bag. 

AV AILABILITY AND COMMERCIAL INFORMATION - DeSign and development work conducted by: 

MSA Research Corporation 
Evans City, PA 16033 
U.S.A. 
Contact: Mr. MerVin D. Marshall 
Telephone: (412)538-3510 

Commercial Marketing: 

JRB ASSOCiates 
8400 Westpark Drive 
McLean, VA 22102 
U.S.A. 

on behalf of: 

Mr. John E. Brugger 
011 and Hazardous Matertals Spill Branch 
Municipal EnVironmental Research 

Laboratory 
Office of Research and Development 
U.S. EnVironmental Protection Agency 
EdIson, NJ 08837 
U.S.A. 

Telephone (703) 821-4600 
Contact: Mr. Mark Evans 

Waste Management 
Department 

Cost - Information sent September 1983 Included 1981 estimates of $50 to $200 (U.S.) per bag depending 
upon productIOn rates. 

OTHER DATA - The nature of the leak and poSitIOning of the bag will largely determine the effectIveness of 
this deVice. The Circumstances of the spill WIll therefore have a SignIficant bearing on Its sUItabIlity. 

Reference: MerVin D. Marshall. MSA Research Corporation, Evans City, PA, U.S.A. "Design, FabrIcatIOn 
and Demonstration of Systems to Protect Ground Water from Hazardous Matenal SpIlls on 
Land", Contract No. 68-03-2507 to U.S. EnVironmental ProtectIOn Agency (October, 1982). 



PRODUCT CLARK SPILS TOPPER MAT No. 13 

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol Fl Sk 

* * * 

DESCRIPTION - Specially engineered mat, designed to seal off gravity flow of hazardous matenals Into 
opemngs. The mat IS a custom-formulated core elastomer containing polyurethane. 

OPERATING PRINCIPLE - The sp11stopper mat can be used as a protective cover for drains, grates, and 
manholes, whether on gravel, sand, grass, asphalt or concrete pavement. 

PHYSICAL SPECIFICATIONS - FabriC IS made of polyurethane rubber and elastomer. 

Colour: High VlSlblhty Orange 
Weight: Approximately 11.0 kg/m2 (2.25 Ib/ft 2) 
Thickness: 13 mm 0/2 In) 
Sizes: Standard: 610 x 610 mm (24 x 24 In) 

762 x 762 mm (30 x 30 In) 
914 x 914 mm (36 x 36 In) 

1067 x 1067 mm (42 x 42 In) 

OPERA TING SPECIFICATIONS -

Custom: up to 1067 mm (42 In) Wide, 
any length 

Temperature Stablhty: stable between -29°C and 82°C (-20°F to 180°F). 

Can be stretched to nearly tWice Its length and st111 recover completely. Not damaged by pedestrian 
traffIC. FleXible and will conform to nearly any shape. Lightweight; stored on trucks or on-site. 

Inert to water, petroleum products and most caustics. Impermeable to flUids. 
Dlscolouratlon may be caused by extended exposure to ultravIOlet radiatIOn. 
Recommended use durmg fuelling and high risk pollutant handling operatIOns. 
Can be washed With non-abraSive detergents or petroleum solvent cleaners. 
Should be stored inSide shaded compartment when not In use. 
Recommended mmlmum size IS 102 mm (4 In) larger than outSide of grate. 



CornpatLble for use wLth: 

Acetaldehyde (vapours) 
Acetone (vapours) 
AcrylomtrLle 
Alurnmurn Salts (vapours) 
Arnrnoma 
Amrnal OLls 
BarLUrn Salts 
Benzene 
Benzyl Alcohol 
Bonc ACLd SolutIOns 
1,3 - Butadiene 
Butane 
Butanols 
Butyr aldehydes 
Butylene (vapours) 
CalCiurn Salts 
Carbon DIOxide 
Chlorme (vapours) 
Chloroform 
Chlorothane VG 
Copper Sal ts 
Cresol 
Cumene 
Cyclohexane (vapours) 

* Cyclohexanone 
Eplchlorohydrm 
Ethylbenzene 
Ethyl Chlonde (vapours) 

* Tetrahydrafuron (THF) 
Toluene 
TrLethylamme 
Tropylene Glycol 
Turpentine 
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2-Ethylhexanol 
Ethylene OXide (vapours) 
Formaldehyde 
Freon 
Gasoline 
Glycerine 
Glycol Ether 
N-Hexane 
Hydrochlonc ACId (Med. Conc.) 
Hydrogen Peroxide 
Hydrogen Sulphide (vapours) 
Isopropyl Alcohol 
Kerosene 
Linseed OLl 
Maleic Anhydnde 
Methylene Chlonde 
Methyl Ethyl Ketone 
Methyl Isobutyl Carbinol 
Methyl Isobutyl Ketone 
Methyl Methacrylate 
Naphtha 
Nitrogen OXides 
OLl, Mmeral and Vegetable 
Phenol 
Propylene (vapours) 
SodLUm 
Styrene 
Sulphunc ACId (Med. Conc.) 
Urea 
Unc ACId 
Vmyl Acetate 
Vinyl Chlonde 
Water 
Xylenes 

* sUitable for once-only use; outer matenal destroyed 

STATUS OF DEVELOPMENT AND USAGE - Commercially avaLlable product m general use. 

PERFORMANCE - Documentation on hazardous materLals spills was not obtained. 

A V AILABILITY AND COMMERCIAL INFORM A nON -

Manufacturer: 

Clark Products Company 
916 West 25th Street 
Norfolk, VA 23517 
U.S.A. 
Telephone (804) 625-5917 
Contact: Mr. Stephen E. Clark 

Cost (effective November I, 1983 $ U.S.): 

Model 

SS 242 
SS 30 
SS 36 
SS 42 

Size - Square 

610 mm (24 In) 
762 mm (30 In) 
914 mm (36 In) 

I 067 mm (42 In) 

$165 
$188 
$220 
$300 

10 or more 

$140 
$159 
$187 
$255 

OTHER DATA - Manufacturer provides chemical compatlbLllty list as a gUide only and suggests pre-use trials 
due to diversity In compositIOn of substances shipped. 

References: Manufacturer's Literature; personal commumcatlOn, Mr. S.E. Clark, Clark Products Company, 
January 26, 1982; updated October 6, 1983; updated February 7, 1984; Noyes Data Corporation, 
New Jersey, Hazardous Chemical SpLiI Cleanup, pp. 40-49, 67-70 (1979). 
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PROTOTYPE FOAMED CONCRETE BARRIER SYSTEM No. 14 

APPLICABILITY Gas Liquid Soltd 
Sol FI Sk Sol FI Sk 

* * * -----------
DESCRIPTION - Prototype System. A trailer-mounted, batch-mlx1Og system for the production of foamed 

concrete, chemically-resistant contamment dikes and free-form structures to divert the flow of low 
velocity streams. A barner can be formed qUickly on many different surfaces. 

OPERATING PRINCIPLE - A slltcate solution IS 10Jected 1Oto a slurry of cement and preformed foam at the 
eXit of a shotcrete nozzle. The result10g chemical reactlOn reduces the tune required for the concrete to 
set, Yleld10g a ngld, free-stand1Og wall of foamed concrete. 

PHYSICAL SPECIFICATIONS - Pnmary "off-the-shelf" components of this trader-mounted Unit 1Oclude: 

Mixer for blend10g cement-water slurry (slmtlar to MSA PIN A91959, 400 no. hopper with MSA PIN 379689 
agitator) 

Air compressor (Ingersoll-Rand Type 30, Model 71T2XGT) 

Gas Engme (Wlscons1O Model V465D) 

Pumps: Slurry (Moyno 3L4, PIN 68572) 
Siltcate ProportlOn1Og (Vlk1Og HL 124S) 
Foam Concentrate (Vlk1Og HLl56) 

Foam Tank 
Foam Gun 

)PERA TING SPECIFICATIONS -

Approximately 1.4 m3 (50 ft 3) of foamed concrete at 720 kg/m 3 (45 Ib/ft3) can be produced per ba~ch by 
two men wlthm 30 mmutes of dehvery to the site (repeat cycles would require approximately 25 mmutes). 

Raw materials for one batch 1Oclude: 
10 bags of Type 1 Portland cement (427 kg (940 Ib» 
114 L (30 U.S. gal) of 50% sodIUm stllcate solutlOn 
1.4 L (1.5 qt) of MSA detergent-based foam concentrate 
270 kg (600 Ib) or water 

(Materials for one batch would be transported on the unit.) 

Raw materials for 3 batches would weigh approximately 2220 kg (4900 Ib) and require 817 kg (1800 Ib) of 
water. 
3 batches (4.2 m3 (150 ft 3» of foamed concrete could butld a barrier: 
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0.6 x 0.6 x 11.6 m (2 x 2 x 3& ft) 
or 0.46 x 0.6 x 15.2 m 0.5 x 2 x 50 ft) 
or 0.46 x 0.9 x 10 m (1.5 x 3 x 33 ft) 
In approximately 80 minutes. 

STATUS OF DEVELOPMENT AND USAGE - Foamed concrete technology IS well developed and IS commonly 
used for fills, thermal insulatIOn, and roof decks. Usage of this approach for spills of hazardous materials 
has not been documented. 

PERFORMANCE - Type of substrate IS not critical. 5uccessful tests have been made on clay, shale, chipped 
limestone, grass and weed-covered ground. 

Methanol, 1,1, I-trichloroethane, phenol, acetone cyanohydrin and acrylonItnle do not appear to affect the 
gel set action. 

The ability to construct a dike In a moving stream appears to be a function of the rate of development of 
the head of liquid being contained. A 33 cm 03 In) high, 23 cm (9 In) thICk dike Impounded water flOWing 
at 58 L/mln 05 U.S. GPM) to a head of 25 cm 00 In) In 22.5 minutes whIle a simIlar dike faIled when the 
head of water reached 25 cm (lOin) In 4 minutes. 

FreeZing pOint lowering additives (e.g., aliphatic or polyhydrIC alcohols, CaC 12, NaC 1) In the slurry for 
operation dUring sub-freezing conditIOns retarded the setting time of the concrete or reduced the quality of 
the foam. 

AVAILABILITY AND COMMERCIAL INFORMATION - DeSign and development work completed by: 

MSA Research Corporation 
Evans City, PA 16033 
U.S.A. 
Telephone (412) 538-3410 
Contact: J.V. Friel 

R.H. HIltz 
M.D. Marshall 

for: Ira WIlder, Project Officer 
U.S. EnVironmental ProtectIOn Agency 
Edison Water Quality Research 
Laboratory, NERC 
Edison, NJ 08817 
U.S.A. 

OTHER DATA - For addItlol1al informatIOn, also consult the following reference: 
J. V. Fnel et aI., Control of Hazardous Chemical SpIlls by Physical Barriers, Project 15090 HGP, Contract 
68-01-0100, EnVironmental Protection Agency, Edison Water Quality R.esearch Laboratory, NERC, Edison, 
NJ, 08817 U.S.A. Report EPA-R2-73-185 (March, 1973). 

JRB ASSOCiates was contracted to rnarket the foamed concrete system for the U.S. EPA. For more 
informatIOn, contact: 

Mr. Mark Evans 
Waste Management Department 
JRB ASSOCiates 
8400 Westpark Drive 
McLean, VA 22102 
U.S.A. 
Telephone (703) 734-4381 or 821-4600 
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----------
PRODUCT FROTH-PAK PORTABLE FOAM SYSTEM No. 15 

APPLICABILITY Gas liqUid Sohd 
Sol FI Sk Sol FI Sk 

* * * -------- -----

DESCRIPTION - A portable system which generates a polyurethane foam to dike or contam spills of hazardous 
chemiCals on dry ground surfaces. The two components of the foam system are contamed m two cyhnders 
m a common carton, with an apphcator hose and gun. 

OPERATING PRINCIPLE - As the gun tngger is activated, the chemicals are released under pressure and 
mixed at the gun tiP, producmg a foam which is apphed to the spill area. 

PHYSICAL SPECIFICATIONS - Avaliable m small, medium and large sizes, variOUS models (see under Price 
Schedule). 

Weight of mediUm-size system: 16.3 kg (36Ib) 
Portable self-con tamed Untt 
DimenSlOns of medium-size Untt: 406 x 406 x 203 mm (16 x 16 x 18 m) high x Wide x deep. 

Cylmder chemicals: PolymeriC isocyanate and polyol which contams ammes and fluorocarbons 

AcceSSOries: Nozzles 
Model NR for pouring 
Model NS for spraymg 
Model GMC for spraymg at 360 0 right angles 

Extenders 
Model GNE Extender kit With 3.2 mm diameter tubmg 
Model NE-l/4 for caulking (for use With NS nozzle) 
Model NE-3/4 for caulkmg (for use With NS nozzle) 
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Gun-hose assembhes 
Model GHA-71/2 IS 2.3 m (7 1/2 ft) long 
Model GHA-15 IS 4.6 m (15 ft) long 
Model GHA-30 IS 9.1 m (30 ft) long 

OPERATING SPECIFICATIONS -

ApprOXimately 0.34 m3 of foam can be dehvered at 25°C. System dispenses at a rate of approximately 
5.4 kg/min and takes about 2.5 min to empty the containers. 

Not sUitable for blocking a flowing stream and has poor adhesIOn on wet or vegetated surfaces. 

Expands to five times ItS volume and IS tack-free In less than 60 seconds. 

Self-suffICient and requires no outside energy source. 

May constitute a fire hazard If un properly used or Installed. 

Optimally apphed at 23.9°C (75°F); lower temperature applIcatIOn lImit IS 1.7°C (35°F); operating lImits 
are -162°C to 121°C (-260° to 250°F). 

The following IS a list of chemicals that polyurethane foam may be applIed to (Noyes): 
Acetaldehyde (vapour) Butylene (vapour) 
Acetone (vapour) Cyclohexane (vapour) 
1,3-Butadlene Ethyl Chlonde (vapour) 
Benzene Chlorine (vapour) 
Ethylene OXide (vapour) Cresol 
Hydrogen Sulphide (vapour) Chloroform 
Propylene (vapour) Aluminum Chlonde (vapour) 
Vinyl Chlonde Methyl Ethyl Ketone 
2-Ethylhexanol Methyl Isobutyl Carbinol 
Styrene Methyl Isolbutyl Ketone 
Xylenes AcrylOnitrile 
Turpentine Maleic Anhydride 
Vinyl Acetate Toluene 
Ethylbenzene n-Hexane 
Cumene Urea 
Butanols EplchlorohydrIn 
Methyl Methacrylate 
Butyl Aldehydes 
Isopropyl Alcohol 

STATUS OF DEVELOPMENT AND USAGE - CommerCial product deSigned and marketed primarIly for 
constructIOn/insulatIOn applicatIOns. Use not documented for spills of hazardous materials. 

PERFORMANCE -

DenSity (ASTM 1622): 
Spray DenSity 38.4 + 1.6 kg/m 3 
Poured DenSity 36.0 :; 1.6 kg/m 3 
Molded DenSity 38.4 ~ 1.6 kg/m 3 

Smoke DenSity: 450 
Compressive Strength (ASTM 1621): 

Parallel at 10% 
Perpendicular at 10% 
lyIodulus - Parallel 
Modulus - Perpendicular 

TensIle 5trength (ASTM 1623): 
Parallel at 10% 
Perpendicular 

241 kPa 
107 kPa 

6 495 kPa 
2 620 kPa 

334 kPa 
176 kPa 



Shear Strength: 
Parallel 
Perpendicular 
Modulus - Parallel 

- Perpendicular 

30 

150 kPa 
117 kPa 
607 kPa 
117 kPa 

Water Vapour TransmissIOn 2.5 x 10-12 kp/Pa.s.m 2 
Closed Cell Constant (ASTM D-2856): 90%+ 
Water AbsorptIOn (ASTM 2842): 4.7% 
DimensIOnal Stability (AS TM 2126): 

-0.4% Volume Change, -40°C, 2 weeks 
+2.1% Volume Change, 70°C, 100% humidity, 2 weeks 

Tests have shown that once blown and rigid, the foam was unaffected by acrylonitrile, phenol, chlorme, 
ammonia and acetone. Methyl alcohol, however, soaked mto the foam, destroymg Its effectiveness m 
blockmg the material. 

A VAILABILITY AND COMMERCIAL INFORM A TION -

U.S. Manufacturer: 

Insta-Foam Products, Inc. 
1500 Cedarwood Drive 
Joliet, IL 60435 
U.S.A. 
Contact: Mr. Kovarik 
Telephone (800) 435-9359 

(312) 621-1102 
or (815) 741-6800 

Telex 72-3415 

Canadian Representative: 

Insta-Foam Products, Inc. 
P.O. Box 21 
Etoblcoke, Ontario 
M9C 4V2 
Contact: Mr. P. Bludd or Mrs. V. Picard 
Telephone (416) 622-6844 

Local distributors m Canada and the U.S. retali the company's products. 

Price Schedule ($ Cdn effective October 3, 1983): 

Small Froth Pak 
Medium Froth Pak 
Large Froth Pak 

$ 28.00 
$378.42 
$808.04 

These are suggested list prices for standard foam kits. Various kit models (e.g. slow rise, low denSity, high 
compressIOn, etc.) are also available as are refills, kit accessories, nozzles and miscellaneous Items. 

OTHER DATA - Froth-Pak was formerly marketed as the Portafoam system. Lusta-Foam Products, Inc. also 
now manufactures a one-component foam sealant kit known as Insta-Seal deSigned prnnarlly for the 
preventIOn of air mflltratlOn as well as an acoustICal sealant. 

References: Manufacturer's literature; personal commUniCatIOn, Mr. J. Palumbo and Mr. M. McDonald, Insta­
Foam Products Inc. (February 3 and 5, 1982); Noyes Data CorporatIOn, New Jersey, Hazardous 
ChemICal Spill Cleanup, pp. 40 to 49, 67 to 70 (1979); Friel, J.V. et al., Control of Hazardous 
Chemical Spills by PhYSical Barriers, EPA-R2-73-185 (PB-221-493) (March, 1973). 
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PRODUCT GEORGE MANN CHEMERGENCY KIT No. 16 

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol FI Sk 

* * * 

Note: ApplIcable to leaks and spills of lIqUids on land. 

DESCRIPTION - A kit of absorbent, personal safety equipment and an overpack steel drum for cleaning up 
small volume lIqUid splils, particularly from drums of 208 L (55 u.S. gal) or less. 

TM 
HAZORB 
ABSORBENT PILLOWS 

OPERATING PRINCIPLE - All components of the kit are removed from the overpack drum, the protective 
overalls put on, and the absorbent pillows applIed to the spilled lIquid. The damaged container IS sealed In 
the overpack drum and the absorbent disposed of properly. 

PHYSICAL SPECIFICATIONS - Inside a 322 L (85 U.S. gal) overpack RECOVERY DRUM'" (see under "BASCO 
SALVAGE DRUM" In this survey) are contamed: 

15 HAZORB (see "HAZORB" In this survey) Absorbent Plilows. 
Coveralls, hood and shoe covers made of chemical-resistant TYVEK (DuPont). Goggles and full face shield. 
Protective nitrile gloves. Polyethylene scoop. Drum wrench and faucet. Assorted D.O. T. (U.S.A.) hazard 
labels. 

OPERATING SPECIFICATIONS - Not applIcable. 

STATUS OF DEVELOPMENT AND USAGE - CommerCially avatlable for use m the chemical process Industry 
and by electroplaters, truckers and fire servICe personnel. 

PERFORMANCE - Documented use for response to hazardous chemical spills was not readily available. 

AVAILABILITY AND COMMERCIAL INFORMATION-

Manufacturer: 
George Mann and Company, Inc. 
Harborside Blvd. 
P.O. Box 9066 
Providence, RI 02940, U.S.A. 
Telephone (401) 781-5600 

1-800-556-2426 
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PROTOTYPE IN-SITU CONTAINMENT AND TREATMENT SYSTEM No. 17 

APPLICABILITY Gas LiqUid Solid 
Sol Fl Sk Sol Fl Sk 

* * * 

DESCRIPTION - Prototype. An underground envelope IS created to surround and contam a spill and 
neutralizing agents applied directly to It. The system consists of all reqUired pumps, mJectors, etc., housed 
on one 13.1 rn trader. 

OPERATING PRINCIPLE - A grout "wall" IS created by direct mJectlOn of the grout mixture mto the sod 
around the spill area. Other mJectors are used to apply m-sltu spill neutralizmg agents. 

PHYSICAL SPECIFICATIONS -

Trader: Length, 13.1 m; Weight, 25000 kg 
Tanks: 2460 L, chermcal-reslstant Immg 
Grout Pumps: Progressive cavity, 0.06 to 0.6 Lis, 552 kPa, steel constructIOn 
Chemical Pumps: Air diaphragm, 0.0 to 1.3 L/s, 552 kPa, Hastelloy C construction 
Mixers: 200 x 10-6 m2/s, 1 1/2 hp motors, double rubber-coated Impeller 
Generator: 135 kW diesel-electrIc, muffler 
Air Compressor: 3.4 rn 3/mm at 689 kPa 
Hosmg: 38 mm I.D., 689 kPa, chemical reSistant, qUick disconnect 
Injectors: 1.5 m, 19 mm diameter, heavy duty black steel pipe/threaded and coupled, 16 m total 
Retraction DeVice: Retract 2 1I1Jectors each on angle and straight; moves at 0.3 m/mm. 

OPERATING SPECIFICATIONS - DeSigned to contam and treat a spill volume of 40 000 L 

Suggested appitcatlOns: 

controllmg landfill leachate rntgratlon; 
nutrient injectIOn to enhance degradation of spilled or contaminating materials; 
contamment of spills for treatment With other equipment; and 
treatment of leachate contaminated sod around disposal Sl tes. 

STATUS OF DEVELOPMENT AND USAGE - Laboratory testing has been conducted, usage has not been 
documented for spills of hazardous materials. 

PERFORMANCE - Testing for the EPA was conducted to determme any operatiOnal difficulties. It was found 
that startmg of the diesel-electriC generator was difficult. It was noted that the grout formed a sphencal 
pattern around the mJector POint. 
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Laboratory-scale tests on mplace decontammatlOn performed for the U.S. EPA determmed a removal rate 
of between 58.3% and 100% for the two test contaminants, copper sulphate and sodIUm hypochlorite In 

varying soil media and loadmg concentratIOns. 

AVAILABILITY AND COMMERCIAL INFORMATION - A prototype UnIt was deltvered to the U.S. EPA and 
underwent "shakedown" tests In May 1980. 

Municipal EnVironmental Research Laboratory 

U.S. EPA 
Edison, NJ 08817 
U.S.A. 
Telephone (201) 321-6633 
Contact: Mr. M.D. Royer 

OTHER DATA - Since the 1980 tests, an advanced prototype UnIt has been developed with an upgraded and 
refurbished pumping system, electrOnIcs, etc. "Shakedown" of thiS system was scheduled for June or July 
of 1984. 

References: Personal commUnICatIOn, Mr. M.D. Royer, U.S. EPA (February 14, 1984). 

HUibregtse, K.R. and Kastman, K.H., Rexnord, Inc.: "ConstructIOn and Preltmlnary Testing of a 
System to Protect Ground Waters from Hazardous Spills", Proc. 1980 Nat. Conf. on Control of 
Hazardous Material Spills, pp. 77-81 (J 980). 

HUibregtse, K.R., Lafornara, J.P. and Kastmann, K.H., Envlrex Inc.: "In place DetoxIfication of 
Hazardous MaterIals Spills m Soil", Proc. 1978 Nat. Conf. on Control of Hazardous MaterIal 
Spills, pp. 362-370 (J 978). 
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----- -- - -- ------- -- -- - ----------------------------------------
PRODUCT MSAR DIKE-PAK SYSTEM No. 18 

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

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol Fl Sk 

DESCRIPTION - The system IS designed to provide a lightweight, chern/cally-mert material to plug gratmgs 
and to dike or divert spills of hazardous chemlcal~ Or) dry ground surfaces. It consists of two cyl1l1ders 111 a 
common carton with 1.8 m of applicator hose, an application gun and five spare tipS. 

OPERA TlNG PRINCIPLE - As the gun trigger IS activated, the blowmg agent and urethane chemicals are 
released under pressure from the cyl1l1ders, mixed In the gun, produc1l1g a foam which IS applied to the spill 
area. 

PHYSICAL SPECIFICA TlONS -

Total weight of system: 15.9 kg (351b) Includ1l1g 11.4 kg (251b) of urethane foam chemicals. 
Portable self-contained Ur)It. 
ApproxlInate size: 381 x 305 x 102 mm (15 x 12 x 4 111) high x wide x thIck. 
Universal Nozzles: PencIl-Like Spray or Fan-like Spray 

OPERA TlNG SPECIFICA TlONS -

Chemicals can be stored for up to 3 years without measurable deterioratIOn (O°C to 38°C). Optimum 
performance temperature: 16 to 32°C. 

Approximately 0.85 m3 (30 ft 3) of foam can be applied to concrete, asphalt and slmLlar surfaces. 

Not sUitable for blocking a flow1l1g liqUid stream, or on wet surfaces. Not recommended for use with 
materials such as chemiCal solvents, low molecular weight, polar or chlor1l1ated hydrocarbons, due to 
softening and dlssolv1l1g of the urethane structure. Can be used to control spills of chemical solvents by 
mcreas1l1g dIke thIckness or by backup dIkes. 

STATUS OF DEVELOPMENT AND USAGE - Commercially available product utIlized 111 the U.S.; no indIcatIOn 
provIded of wIde usage In Canada (see also Other Data). 
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PERFORMANCE - Testmg has been conducted by the manufacturer which showed the foam (once blown and 
rigid) to be unaffected by acrylonitrile, phenol, chlorme, ammonia and acetone-cyanohydrin. Methyl 
alcohol, however, soaked mto the foam and destroyed the mtegrlty of the material. 

On bare ground surfaces, material holdup IS limited smce seepage occurs below the mterface of the surface 
with the urethane. 

AV AILABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

MSA Research Corporation 
Evans City, PA 16033 
U.S.A. 
Telephone (412) 53&-3510 
Contact: Mr. C.H. Staub 

Cost-(effectlve October 1983 $ US) 
ApprOXimately $290. 

Canadian Distributor: 

MSA Canada 
14& Norfmch Drive 
Downsvlew, Ontario 
Canada 
M3N lX& 
Telephone (416) 667-9400 
Contact: Mr. K.H. Brown, 

Manager of Marketmg 

OTHER DATA - System developed under sponsorship of U.S. EPA. 
1 year warranty (manufacturer's claim). 
Used once m Western Canada on a gasolme spill. 
U.S. manufacturer mdlcated that Dlke-Pak can be ordered through the Canadian 
Distributor but will be shipped from the U.S. Urethane may be tOXIC If not solidified. 

References: Manufacturer's Literature; personal communicatIOn - Mr. C.H. Staub, MSA Research Corp., 
(October 10, 1983). Mr. J.W. Mausteller, MSA Research Corp., October 10, 19&3; Hiltz, R.H., 
M.D. Marshall and J.W. FrIel, "The PhYSical Contamment of Land Spill by a Foam Dlkmg 
System", Proc. 1972 Nat. Conf. on Control of Hazardous Material Spills, pp. &5 to 91 (1972). 
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PRODUCT SANITRAP MANHOLE COVER No. 19 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

* * * 

DESCRIPTION - A compact manhole cover designed to keep spilled otl and other Similar ltqulds from 
contaminating sewers. 

OPERATING PRINCIPLE - The tubular cavity around the perimeter of the cover provides a positive seal over 
a manhole grating when filled With a water/glycol solutIOn. 

PHYSICAL SPECIFICATIONS -

Dimensions: 91.4 cm (36 In) dla., including 7.6 cm (3 In) circumferential cavity for water /glycol solutIOn. 
Weight (filled): 15.9 kg (35 lb) 
Matenal of ConstructIOn: 22 oz. Neoprene 
Brass nozzle for filling and emptYing. 

OPERATING SPECIFICATIONS - Stored whtle filled With water/glycol solution for qUick response. 

STATUS OF DEVELOPMENT AND USAGE - CommerCially available product. DocumentatIOn for appltcatlOn 
to sptils of hazardous matenals not obtained. 

PERFORMANCE - Recommended for use by firemen, cleanup contractors, at airports, public works, 
reflnenes, and With truck tankers. No evaluation data received. 

AVAILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Santvan Inc. 
1705 3e Avenue 
P.A.T. Montreal, Quebec 
Canada 
HIB 5M9 
Telephone (514) 353-9170 
Telex 05-829559 
Contact: Mr. Pierre Richard 

Cost: - approximately $125 (Cdn) 
- Effective November, 1983 
- Includes water/glycol solutIOn 

OTHER DATA - No other informatIOn received. 
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----- ---------_. ---------- - --- --------------------------------------
CONCEPT SOIL SURFACE SEALING No. 20 

APPLICABILITY Gas LIquid Solid 
Sol Fl Sk Sol Fl Sk 

* * * 

DESCRIPTION - A conceptual method to seal the soil surface to prevent the infiltratIOn of a hazardous 
material spill to the substrata. 

OPERATING PRINCIPLE - A sealant compatible with the spilled material IS applied to sandy soils where It 
forms an Impermeable or seml-lmpermeab!e film to prevent infiltratIOn. Diking may also be used to 
contain the spill (see also Other Data). 

PHYSICAL SPECIFICATIONS - Not applicable (concept onlyt 

OPERATING SPECIFICATIONS - Not applicable (concept only). 

STATUS OF DEVELOPMENT AND USAGE - Concept only that has Included the laboratory testing of various 
chermcal methods and that has also led to the IdentificatIOn of other approaches (see also Other Data). 

PERFORMANCE - In laboratory-scale tests completed for the U.S. EPA, several potential sealants were 
screened; three polyurethane foam sealants were conSidered potentially applicable with these results: 

Test ,Materials 

Candidate Sealants 

Bordon Chemical 
Polyco 2607 

Callery Chemical 
ReSin 115 

Ashland Chemical 
EP 65-86/88 

---------_._----------- - ----------- -- ------------ ------------- ---------- -- - ----
Sulphuric ACId 
Sodium Hydroxide 
Phosphorus Trlchlor Ide 
Phosphorus OxychlOride 
Carbon Dlsulphlde 

AcetJC ACid 
Methylene Chloride 
Trichloroethylene 
Acetaldehyde 
Benzaldehyde 

Acrolein 
Isopropanol 
Cresol 
Ethyl Acrylate 
MonoethanolamlOe 
Pyridine 
Acetone 
Methyl Ethyl Ketone 
Naphtha 
Lacquer Sol vent 

Gasolme 
Kerosene 
Xylene 
Styrene 
Vinyl Acetate 

Passed 
Passed 
Passed 
Passed 
Passed 

QuestIOnable 
Questionable 
Questionable 

Passed 
Passed 

Passed 
Passed 
Questionable 
Questionable 
QuestIOnable 
Questionable 

Passed 

Passed 
Passed 
Passed 

Passed QuestIOnable 
Passed Failed 
Passed Passed 
Passed Passed 
Passed Passed 

Passed Passed 
Passed Passed 
Passed Passed 
QuestIOnable 
QuestIOnable Passed 

Passed 
Passed Passed 
Passed Passed 
Passed Passed 
Passed Passed 
Passed 
QuestIOnable Passed 

Passed 
Passed Passed 

Passed 

Passed Passed 
Passed 

Passed 
Passed 

Passed 
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Further testing has also shown that the polyurethane foam sealants have appllcatlOn on sandy solis only. 
Small rocks and vegetatlOn Interfere with the sealant to the extent that the approach IS not considered to 
be useful under such circumstances. 

A V AILABILITY AND COMMERCIAL INFORMATION -

MSA has indicated that chemical methods, including polyurethane foam applied to sandy sOlIs, are at the 
conceptual stage only. This U.S. EPA-sponsored work has largely been abandoned In favour of research 
reflecting the agency's preference for physical containment techniques (see also Other Data). 

Contractor: 

MSA Research CorporatlOn 
Evans City, PA 16033 
U.S.A. 
Telephone (412) 538-3510 
Contact: Mr. C.H. Staub 

Sponsoring Agency: 

011 and Hazardous Materials Spills Branch 
MUniCipal EnVironmental Research Laboratory-CI 
U.S. EPA 
Woodbndge Avenue 
Edison, NJ 08837 
U.S.A. 
Telephone (201) 321-6634 
Contact: Dr. J.E. Brugger 

OTHER DATA - Surface sealing studies have Included a multi-prong approach taken by the EPA. 

Callery Chemical ReSin 115 IS one component of the MSAR portable diking system Dlke-Pak 150 (see entry 
this sectlOn). 

FollOWing evaluatlOn of the polyurethane foam sealants, InvestlgatlOn has also been conducted of 
preformed, fleXible, fabnc-relnforced polyethylene panels used to cover and protect ground surface areas 
from spllis. These are attached to each other uSing commercially avallable aluminum channel JOlnmg 
elements; the EPA-sponsored work has also been concerned With the appllcatlOn of large, flat plastic sheets 
haVing preformed bag-like containers along one edge to collect flOWing, spllled liqUids and so Isolate the 
earth from the flow. 

Test results to date have shown the Simple mat format generally to be a more promising technique than 
cherTIlcal methods to prevent the IntruslOn of hazardous matenal spills mto the ground. However, the main 
drawback of the panels IS the time reqUired to assemble them In order to achieve the deSired sealing 
effect. 

The most Important offshoot of EPA's surface sealing research program has been the IdentlficatlOn of a 
containment/collectIOn system. Work has culminated, to this pomt, In the Capture and Containment Bag 
developed by MSA Research Corporation and being marketed by JRB ASSOCiates (see Entry No. 12, thiS 
sectIOn). 

References: U.S. EPA InformatlOn Sheet, Contract/Grant Number: 63-03-2507 "Surface Sealing to Halt 
Groundwater IntruslOn by Land", EPA Project Officer -Dr. J.E. Brugger, updated. 

Personal commUniCatIOn, Dr. J.E. Brugger, U.S. EPA (February 14, 1984); Mr. C.H. Staub, MSA 
Research Corporation (February 8, 1984). 

Lafornara, J.P., M.D. Marshall, M.J. McGoff, and J.S. Greer, MSA Research CorporatlOn: "Soil 
Surface Seahng to Prevent Penetration of Hazardous Matenal Spills", Proc. 1978 Nat. Conf. of 
Control of Hazardous Matenals Spllls, pp. 296-302 (1978). 
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1.3 Containment on Water 

PRODUCT SPILL CONTAINMENT BARRIERS - GENERAL LISTING 

APPLICABILITY Gas LiqUid 
Sol FI 

* 

Sk 
Soltd 
Sol FI Sk 
---- -------

* 

----------------
No. 21 

DESCRIPTION - A barrter comprtsed of a floatIng mechantcal fence, sorbent matertal, pneumatic system or 
high water pressure spray serves to contaIn and concentrate floatIng matenals 10 a water course for 
subsequent removal by physical recovery methods or In-Situ burntng. 

----r----~~~===::c--TENSION MEMBER 

t 
FREEBOARD 

~ WATER -I-LINE 
DRAUGHT 

L 

FLOATATION 

-SKIRT 

.--+-- STIFFENER 

---- BALLAST AND/OR 
TENSION MEMBER 

OPERATING PRINCIPLE - Generally, there are four types of bamers: 

(1) Mechantcal Booms which rely on an upper or freeboard section IncorporatIng polymeric foam and/or 
air chambers to provide both flotatIOn and surface contaInment. A lower or draught sectIOn prevents 
subsurface losses and consists of a fabnc or metal fence, or water chamber(s), ballasted by lead 
weights, chaIns or cables If necessary. TenSIOn members - top, middle, and/or bottom - are often 
used to assume the load actIng on the barrier and to assist In matntatntng the barrter In a fully uprtght 
positIOn. 

(2) Sorbent Booms which consist of a porous outer shell contaIntng an Inner core of sorbent material. 
These deVices are deSigned to halt the spread of contamInants whtle absorb1Og that portIOn which 
contacts them. They are less complex 10 deSign than mechanical booms and simply float at a level 
which exposes sorbent both above and below the water's surface. 

(3) Pneumatic Barrters which utdlze an air corn pressor to release air through perforatIOns 10 plptng 
submerged at the sea bed. Bubbles rise to the surface creattng lateral currents which halt the spread 
of floattng materials. 

(4) High Pressure Water Booms which rely on a senes of nozzles and a pumptng system to produce water 
spray so directed as to herd and concentrate floating contam1Oants. 

PHYSICAL SPECIFICATIONS - Data for the first three categories of barriers can generally be found 10 the 
EnVironment Canada draft publtcatlon "A Catalogue of Ot! Spdl Contatnment Barriers" released by the 
EnVironmental EmergenCies Technology DIVISion 10 November 1983. Of these three grouptngs of booms, 
me chant cal barners are by far the most Widely commerCially available. These, along With sorbent booms 
and pneumatic systems, are described 10 the catalogue organtzed accordIng to an alphabetical tndex 
reproduced here. Na,nes of compantes that are capltaltzed appear 10 the catalogue as comprehenSively 
presented malO entrtes. More abbreViated entnes are Itsted 10 upper and lower case letters. In both 
tnstances, product deSignatIOns are given along With each company: 
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Specifications for the above booms are presented m the Environment Canada catalogue accordmg to the 
following parameters: 

DimensIOns 
Overall Height (em) 
Freeboard/FlotatIOn (em) 
Draught (em) 
Sectloll Length (m) 
Shlppmg Volume (m 3) 

Weight 
Per SectIOn (kg) 
Per Unit Length (kg/m) 
Upper TensIOn Member 

Fabric 
Colour 
Type 
TensIle Strength (kg) 
Cold Crack Temperature (oC) 
Weight (g/m2) 

In the case of fireproof booms, refer also to: 

FlotatIOn 
Shape, Type 
DimensIOns 

Buoyancy: Weight RatIO 

Connector 

Ballast/Lower TensIOn Member 

Anchor Pomts 
Vertical Stiffeners 
Handholds 

(a) BUiSt, I.A., Plstruzak, W.M., Potter, S.G., Vanderkooy, N. and McAllister, I.R., "The Development and 
Testmg of a Fireproof Boom", Proceedm 5 of the Sixth ArctiC MarIne 0115 III Pro ram Technical 
Semmar, Edmonton, Alberta (June 11+-16, 1983 • 

(b) Meikle, K.M., "An Effective Low-Cost Fireproof Boom", Proceedmgs of the 1983 OIl Spill Conference, 
San Antomo, Texas (February 28 - March 3, 1983). 

For prelImtnary mformatlOn on the high water pressure system refer to: 

Meikle, K.M., "The Use of High-Pressure Water for SpIll Contamment", Proceedtngs of the Sixth ArctiC 
Marine Ollsplll Program Techmcal Semmar, Edmonton, Alberta, (June 11+-16, 1983). 

Spill contamment barrIers are avatlable 10 a wide variety of sizes and materIals. Overall heights generally 
range from about 25 cm to 1 to 2 m (lo m to 3 to 6 ft) whIle common fabrIc types mclude PVC/nylon, 
PVC/polyester, neoprene/nylon, polyurethane or polyethylene/PVC, and polyamide/PVC. Fireproof booms 
have been fabrIcated m stamless steel, alummum, asbestos panels and fIbre-remforced cement. Sorbent 
booms are, for the most part, comprised of hydrocarbon-base polymerIcs. 

OPERA TING SPECIFICATIONS - Because of time constramts, the use of phySICal contamment procedures 
may not always be feaSible to control sudden, aCCidental releases of floatmg hazardous materials, 
particularly at locations remote from countermeasures equipment depots or m flowmg water bodies. 
Nonetheless, for some spills, mechanical barrIers and, to a lesser extent, sorbent booms might have 
applIcatIOn. The latter are avaIlable m standard formats whIle the former are usually selected accordtng 
to size so that an overall height to 50 cm (2010) IS generally SUitable for nearshore or river use while booms 
50 to 100 cm (20 to 1+010) are more effectively deployed m more exposed conditIOns. A general rule of 
thumb IS to select a boom With a freeboard of at least 30% of the wave height to which It will be exposed; 
otherwise, most barrIers will function adequately 10 calm water or will not be very effectl ve m short, steep 
breakmg waves. 

Assummg the mterceptlon of floatmg materIals IS feaSible, contamment should be pOSSible m currents 
rangtng from about 0 to 0.8 m/s (0 to I 1/2 knots). Angled deflectIOn of matenal above 0.1+ m/s (3/1+ knot) 
should be attempted preferably uSll1g booms With a round flotatIOn element and top and bottom tensIOn 
members. 

Insofar as the chOice of fabnc IS concerned, It IS lIkely that short-term use of a barrier on float 109 
hazardous matenals should be pOSSible regardless of the fabnc type. An exceptIOn would be, for example, 
exposure of a polyvlI1yl chlonde/nylon barner contamIng plastiCizers to a high solvency chemical such as an 
organic alcohol In a ditch or other SituatIOn where contmuous intimate contact over tune occurred. 
Generally, neoprene, rubber-Impregnated, modified rubber compounds, and polyurethane booms should be 
less susceptible to damage although for sptlls 10 watercourses the followmg factors should restrict the 
chance of gross faIlure of any boom: 



limited contact time; 
exposure of boom at waterline only; 
rising action of waves, water, and 

Ifl 

spreading, evaporation, dliutlOn or other physical/chemical behavIOural property of substance spilled. 

STATUS OF DEVELOPMENT AND USAGE - Spill containment barriers, including mechamcal, sorbent and 
pneumatic types, are commercially avallable and utilized world-Wide particularly on 011 spills. Documented 
use on hazardous materials IS generally restricted to tank or laboratory testing for limited numbers of 
substances rather than on actual spill experience. Fireproof booms and high water pressure systems are 
generally at an earlier stage of development although several compames fabricate commerCial barriers for 
in-Situ burning. 

PERFORMANCE - A summary of performance data for most commerCially available booms IS presented In 

the EnVironment Canada report "A Catalogue of Oil Spill Containment Barriers" (see also PhYSical 
SpecificatIOns). Although concerned only With oil, the catalogue likely reflects containment potential for 
most floating substances -according to locatIOn of applicatIOn, deSign features, strength/durability, 
connectIOn system and ease of use. Generally It can be stated that: 

(1) ConventIOnal mechanical booms can be selected that should prOVide containment or deflectIOn potential 
for spills of hazardous materials If their timely deployment IS practical. 

(2) Sorbent booms Similarly should have applicatIOn to spills, albeit on a more restricted baSIS (I.e., smaller 
spill volumes, compatible substances and calmer water). 

(3) Pneumatic barriers are not likely to offer a Viable spill control alternative unless applied to a long­
term, shallow water, low current SituatIOn (Jess than 0.26 m/s (l/2 knot» release of floating chemical. 

(If) High water pressure systems are In the research and development stage; their weight and power 
requirements may preclude their use on smaller, discrete discharges of hazardous materials spills. 

(5) Fireproof booms are being developed or, In several cases, are commerCially sold. While the concept of 
in-SitU one-step removal of a floating hazardous material IS appealing, deployment consideratIOns 
including timing, ease of handling and safety should first be examined. 

AVAILABILITY AND COMMERCIAL INFORMATION. - Consult Solsberg, L.B., "A Catalogue of Oil Spill 
Containment Barriers", EnVironment Canada, Ottawa, OntarIO, November 1983. 

OTHER DATA - Refer also to Robinson, J.S., "Hazardous Chemical Spill Cleanup", Noyes Data CorporatIOn, 
Park Ridge, NJ, U.S.A., 1979. 

Commercially - Available Booms 

ACME PRODUCTS CO. 
OK Corral Boom - Standard Model 
OK Corral Boom - Heavy Duty Model 

AJlt Shah, Inc. 
Expandl Boom 

ALBANY INTERNATIONAL 
OIlfence 16, 21f, and 36 

AMERICAN BOOM &: BARRIER CORP. 
Mini Booms (Skimming, Sweeper, Banter, 

Contain-it) 
Flat/Fence Booms (CG, CG-l, 3 &: If) 
Mark I, n Booms 
Mark III, IV Series (A, B &: C models) 

BIGGS WALL FABRICATORS LTD. 
Reel Boom (Biggs-Hoyle Reel Boom) 

Blue Water Marine Supply, Inc. 

Brldgestone Tire Co., Ltd. 
Floating - Submerging 011 Fence 

British Petroleum Company Limited 
Weir Boom System 

Cascade Industries Incorporated 
Permanent Harbor Boom 

CENTRIFUGAL SYSTEMS, INC. 
CSI Boom Modell, 2 Series 
CSI Boom Model 3 Series 



AMERICAN MARINE, INC. 
MInimax & Maxlmax 
Simplex, Optlmax, Supermax 
Permafence IS, 24, 36, 48 

Atlas Copco Canada Inc. 
PneumatIC Barner 

Bennett Environmental Consultants Ltd. 
Flrefence 

Bennex A/S Manne Products and Services 
Nofl Boom 

BF Goodrich Engineered Systems Company 
Seaboom 

COVALCA PLASTICI S.p.A. 
65/625 & 65/640 
Offshore 85/1025 

CROWLEY ENVIRONMENTAL SERVICE,), 
CORP. 

Petro BarrIer 24" and 36" 

Darcy Products LImited 
Dnzlt 

DIAB-BARRACUDA AB 
Barracuda Oil Boom 

ENVIRONETICS, INC. 
Boa Boom I 
Boa Boom II and III 

EXP ANDI S YS TEMS AB 
Expandl-Boom Models 2000 & 3000 
Expandl-Boom Types 4300 & 6300 

Fluid Solids Inc. 

GAMLEN EUROPE S.A. 
Gamspill & Offshore (1500 models) 
HI Sea Guard 
Fire Guard (Standard and Heavy Duty 

models) 

GOODYEAR AEROSPACE CORPORATION 
Sea Sentry 9-18, 12-24 and 14-24 

Grefco Inc. 
Grefco ,)orbent Boom 

Harmstorf Limited 
Pneumatic OilbarrIer 

HURUM ENGINEERING LTD. 
Hurum IS" Disposable Boom 
Flexy II 

Hydrotechnlk Lubeck 
Floating Booms 

Industrial PlastiCs Canada Ltd. 
5lJckbar Mk 7,10 & 12 
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Coastal Services 
Coastal Oil Boom 

CollOid Chemical Company 
Spilldam - 360 Oil Containment Boom 

CONPLAN INTERNATIONAL AB 
Safe BarrIer 

CONTAINMENT SYSTEMS, CORPORATION 
4- x 6, Performance Harbor Booms 
River, Fence Booms 

CONWED CORPORATION 
Disposable Boom 

Jackson (P.D.) Ltd. 
PollutIOn Net 

Jaton EnViron Inc. 

Johns-Manville 
Spillguard Boom 

KEPNER PLASTIC FABRICATORS, INC. 
Standard SeacurtaIn, Sea Tender 
SeacurtaIn - Compactible, Super­

compactible, Reel Pak 

Kleber 
Balear and Acorn Booms 

Landrigan Corp. 

Lans-Marln AB 
Sors Screen 

Logan Engineering & Contracting Company 
Underwater Canopy (Aqua Dome) 

Lunastran Inc. 

MANNES MANN IT ALIANA SpA 
R2 
RII 
PNA 

Mannesmann Italiana SpA 
Merkalon, ')taInless Steel booms 

Marsan Corp. 

MEGA TOR CORPORA TION 
Megator Mini-Boom 

Metropolitan Petroleum Petro Chemicals 
Co., Inc. 

MP Boom 

McDonald R. DaVid (MRD), Incorporated 
MRD Semi-Disposable Boom 

MorrIS InternatIOnal Trading Ltd. 
Semi-disposable Boom (MI-20B) 



INTERTRADE INDUSTRIES LTD. 
Oli Splil GuardIan IW 13, IH24 & OH36 
OS44 and P}6 

Murphy PacIfIc MarIne Salvage Co. 

Nautylatex Canada Ltd. 
Balear and Acorn Booms 

NOFI A/S 
Nofl Oli ContaInment Boom System 

NORDAN INTERNATIONAL A/S 
Nordan Booms - Harbour, Sea & Ocean 

NORGAS AS 
Skuteng Oli Boom 

Norske Telektron A/S 
Purse SeIne 011 Boom 

NOUVELLES APPLICATIONS 
TECHNOLOGIQUES 

NAT, BapInox Booms 

Ocean Systems Inc. 
Harbor Oli ContaInment BarrIer 

OFFSHORE DEVICES, INC. 
Harbor Barner - Scoop 
Offshore BarrIer 

OIl POIIUtlO1l EnvIronmental Control Ltd. 
Expandl Boom 

OIL RECOVER Y INTERNATIONAL 
Harbourgard HG 15, 22, 30 & 40 

Pace 
P ACE OIl Boom 

PacIfIc PollutIOn Control 
Aqua Fence 

PaIns-Wessex Canada Ltd. 
FloatIng, SubmergIng OIl Fence 

PARKER SYSTEMS, INC. 
P51 Boom - Bantam, BasIn, Regular & 

Heavy Duty 
Splil Master Permanent Boom 24, 36-URE 

PermalIte Europe 

PollutIOn Booms, Inc. 
OIl SlIck BarrIers 

Steltner Development & ManufacturIng 
Company Ltd. 

PACE Oli Boom 

SubmarIne EngmeerIng AssocIates, Inc., 
Sea Boom 
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MSE EngIneerIng Systems Ltd. 
Intertrade, Megator Booms 

QUIncy Adams MarIne BasIn Inc. 

Response Systems Incorporated 
Expandl Boom 

Reynolds AlumInum InternatIOnal 
ServIces, Inc. 

RHIN-RHONE 
IRHR Type 22 and 13 

ROLBA 
Rohp Boom 

ROULANDS F ABRIKER A/S 
Ro-Boom Bay & Class OSA 
Ro-Boom RIver Model 

SAMSEL SERVICES COMPANY 
Standard Harbor Boom 

SANIV AN INC. 
SK Boom-SK 18/6, 20/7, 24/8 & 36/9 
SemI-DIsposable SK 14/4 and SK 18/6 
Permanent Boom 

SCANDINAVIAN OIL SERVICE 
SOS Permanent Booms Type 200 & 400 

SEAWARD INTERNATIONAL, INC. 
Sea Fence Inner & Outer Harbor Boom 

SJUNTORP AB 
SORS Screen Models 530 & 1030 & 2030 

Sklmmex Ltd. 
Oli RetaInIng boom - SK, ZIG-ZAG and 

ShorelIne BarrIers 

Skuteng A/S 
SOOPRES System 

SLICK BAR, INCORPORATED 
Mk7, 10 & 12 - Standard Models 

SmIth-Anderson Co. Ltd. 

Sorbent Products Co., Inc. 
SPC Sorbent Boom 

SpearIn, Preston & Burrows, Inc. 
Harmstorf PneumatIc OIl barrIer 

Trygve Thune A/S 
T-T Boom 

UNIROY AL INC. 
18" Boom MInI-Boom & HI-Performance 
36" Boom Standard, Outer Harbour 

& Two-Ply 



Sunshme Chemical Corp. 

Surface Separators Systems, Inc. 
Umroyal Booms 

Svensk OIJetral AB 
Swed Trawl 

SWED SORB INTERNA TlONAL 
Oil Eater 

Swed Sorb InternatIOnal 
Swed Trawl 

Tampella AB 
SUP Booms 

The Tarp Shop 
SUP Booms 

3M 
Sorbent Boom 

TreUeborg AB 
Troilboom 

TROlL BOOM SYSTEMS AB 
Tro!lboom Models 750 & 1100 
GP Oil Boom 920 
Troilboom 1500 Compacy & Heavy Duty 

lj.lj. 

Umted McGill Corp. 

VERSATECH PRODUCTS, 
INCORPORA TED 

General Purpose Boom (Bennett Boom) 
Inshore Boom Models 1& and 36 

(Bennett Boom) 
Nav-Pak (Bennett Boom) 
River Boom (Bennett Boom) 
Zoom Boom (Bennett Boom) 
EI Cheapo Semi-Disposable Boom 
Permanent Harbour Boom Models 18 

and 30 (Bennett Boom) 

VIKOMA 
Beach Guardian 
Coastal, SeaPack & Boom Deck Reel 

Welsh Oil-Tech Ltd. 

White, H.S. Co. Inc. 

Whittaker Corp. 
Expandl Boom 

WILLIAM W ARNE LIMITED 
Warne Anti-Pollution Boom T8 and Tl6 
Warne Anti-PollutIOn Boom E16, E8 

and S 
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1.4 Contamment in Water 

-------- - - - - - - ------- - - --- ----- -- -- - ------ - ._---
PROTOTYPE MOBILE STREAM DIVERSION SYSTEM No. 22 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

* * 

DESCRIPTION - Prototype. A system to divert streamflow past a pOint where a hazardous material which 
sinks or forms an Insoluble precIpitate on contact with water has been spilled. The system consists 
essentially of pumps and piping. 

OPERATING PRINCIPLE - A dam IS constructed upstrea1n of the spill area. A pump IS located In the stream 
and pumps the streamflow through pipes to a pOint downstream of the spill area, thereby Isolating It for 
decontaminatIOn. 

PHYSICAL SPECIFICATIONS -

Item 

Tractor 
2 each 

Trailer 
2 each 

Submersible Pump 
4 each 

MFR/Model 

Mack Maxldlne RL 795L5T 

Fruehauf PF-F2-40 

Peabody Barnes 6SEH4004 

SpecdlCa tlOns 

325 hp diesel engine; 2 rear axles, 
tandem Interlock 

12.2 m trailer w /Budd wheels; 
27000 kg capacity 

29.8 kW, 3-D, 460 V, 0.8 PF, 
152 mm discharge 21 m No.2 AWG 
4-wlre power cable with 600 V 100 
amp "Powertlte" connector 



Generator 
2 each 

Booster Pump 
4 each 

Crane 
2 each 

Cable Reels 
4 each 

Cable electric 

Floodlight 
4 each 

Tool Box 
I each 

Winch 
I each 

Water Meter 
2 each 

Rack/Dolly 
2 each 

Item 

Rack/Dolly 
2 each 
Control Center 
2 each 

Pipe & Hose 
(Approx. 1 km) 

Pipe Fittings 

46 

Electro MotIon 125 T 6 100 kW contmuous duty (125 kW 
standby) 265/460/575 V 3-D, water­
cooled Allis-Chalmers Model 11000 
diesel engme, Kurz a revolvmg field 
100 kW generator 

Remer, GP-IIO-3 (government- Two-stage, 152 mm, 0.09 m3/s, 8 
furnished eqUlpment) gasolme driven centnfugal pump 

370 cm head 

InternatlOnal Crane Model 
309-4 

Hannay C 3034-24-26 

Cereske Cable No.4 
A WG 600 V 50 cable 

SylvanIa 1500 T 3Q/CL 277 V 

12-gauge steel box With 
SSI-selected tool 
complement 

Ramsey DC 12-8 

McCrometer, Model 
MC 0500 305 mm 
meter 

SCientifiC SerVice, Inc. 

MFR/Model 

SCientifiC SerVice, Inc. 

SCientIfiC SerVice, Inc. 

ASC Mamlme/Clrcle 
Lock (C/L) Agricultural 
IrngatlOn Alummum 
Pipe With steel flttmgs 

ASC Mamline/Clrcle 
Lock Connectors, 
B.F. Goodrich Nylalr 44 
hose and hose patches 

ASC Mamlme/Clrcle Lock 
Aluminum and Steel 

2 700 mg capaCIty 

100 m storage capacity for No.4 
A WG 4-wlre cable 

4 each, No.4 A WG 4-wlre, 86 m 

50 piece selection of mamtenance 
and repair tools, and controllers 

2 700 kg, 12 V DC portable electnc 
wmch SSI dolly mounted 

0.01 to 0.2 m3/s 

2.4 x 5.4 x 0.5 to 0.7 m 
(Wide x long x deep) 

Specifications 

2.4 x 5.4 x 0.6 m 
(Wide x long x deep) 

203 mm 1.0. tubmg, 9.1 m length 
1.63 mm wall 
68 pieces (32.1 mg/length); 152 mm 
1.0. tubmg, 9.1 m length; 1.47 mm 
wall; 24 pieces (21.7 kg length) 
203 mm 1.0. tubmg, selected lengths; 
1.63 mm wall; 16 pieces (vanous 
weights, less than 15 kg/length) 

33 sections fleXIble hose couplmgs, 
50 m total 
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OPERATING SPECIFICATIONS -

CapaCity on Level Terrain 
0.35 m3/s for a distance of 0.3 km 
0.09 m3/s for a distance of 11 km 

STATUS OF DEVELOPMENT AND USAGE - Prototype Unit has been utilized In the U.S. on one incIdent only. 
This mdlcatlOn of a low level of need for the approach has resulted m ItS bemg removed from service by 
the EPA. 

PERFORMANCE - The systern has been used dUring an emergency response to a spdl episode that 
contammated a public water supply. The use of the stream diversIOn system msured unmterrupted ~ervlce 
to the affected communities. 

AV AILABILITY AND COMMERCIAL INFORM A TION -

Contractor: 

SCientific ')ervlce, Inc. 
1536 Maple ,)treet 
Redwood City, CA 94063 
U.S.A. 
Contact: Mr. C. Wilton 

Sponsoring Agency: 

MUnicipal Environmental Research Laboratory 
Od and Hazardous Materials Spills Branch 
U.S. EPA 
Edison, NJ 08817 
U.S.A. 
Telephone (201) 321-6632 
Contact: Mr. F.J. Freestone 

OTHER DATA - Refer also to the follOWing report for system design, component selection, trader layout, site 
preparation and system operatIOn: Zaccor, J.V., A Mobde Stream DiversIOn S stem for Hazardous 
Materials Spills IsolatIOn, EPA-600/2-81-219, CmClnnatl, OhIO September 1981). 

Report avadable only through: 

u.S. National Technical Inforrnatlon Service 
5285 Port Royal Road 
Springfield, VA 22161 
U.S.A.. 

References: Freestone, F.J., and Zaccor, J., SCientifIC Service, Inc.: "Design, FabricatIOn and DemonstratIOn 
of a Mobile Stream DiversIOn System for Hazardous Material SpIll Contamment", Proc. 1978 Nat. 
Cont. Control of Hazardous Materials Spills, pp. 371-377 (1978). 

personal communication, Mr. F.J. Freestone, U.S. EPA (February 15, 1984). 
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-------------
PRODUCT PORT ADAM OIL BARRIER No. 23 

------------------
APPLICABILITY Gas liquid Solid 

Sol FI Sk Sol FI Sk 

* * * * * 
----------------------------

DESCRIPTION - A patented coffer dam capable of retaining contaminated water In rivers and streams until 
removal of hazardous materials IS complete. It consists of a braced metal structure which supports a 
reinforced fabric membrane. 

OPERATING PRINCIPLE - The Portadam system IS erected by setting the frame structure at an angle that 
directs hydrostatic pressure down onto the ground. The frame IS braced against lateral forces and 
correctly spaced to fit the membrane. The membrane IS pleated and attached to the frame by high 
strength loops, extended and clamped on the ground by water pressure. 

PHYSICAL SPECIFICATIONS -

Frame - Length: 1.5 m (basIc) to 2.4 m ft (standard) (5 to 8 ft). 
Constructed of high qual1ty steel or aluminum tubular sections and galvanized. 

Braces - Chams or steel plates. 

Membrane - Constructed with a series of pleats, tailored from a high strength, durable, coated fabric. 

Standard Size: 9.1 m 00 ft) or 18.3 m (60 ft). 

Can be made to other speCificatIOns. 

OPERATING SPECIFICATIONS - Can be used In water depths up to 3.1 m (10 ft). 

BasIc 1.5 m (5 ft) frame can be extended to 2.4 m (8 ft) by means of telescopIc extensIOn. 

Spacmg between frames IS 380 mm (15m) centre to centre (by means of U rods or spacer chams). 

Depending on soil conditIOns, bracing chams or X frames are placed at 7.6 m (25 ft) centres. 

SpeCial pleating system In the membrane ensures correct distributIOn over the support structure. 
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Coated fabrics are avatlable to resist oil, aCids, etc. and to perform at low temperatures. Can be modified 
for hazardous matenal spill containment. 

STATUS OF DEVELOPMENT AND USAGE - Developed to commercial product stage. Use not documented for 
hazardous material spills. 

PERFORMANCE - EvaluatIOn data are not avallable. 

AVAILABILITY AND COMMERCIAL INFORMATION - Portadam has been fabncated In Canada by Conenco 
InternatIOnal Limited of 'vIarkham, Ontano. This company no longer operates In Canada. 

OTHER DATA - Development of Portadam Oil Barner System under Environment Canada sponsorship, IS 
described m the Fmal Report, Development of Portadam Oll Barrier for Rivers and Streams, II April 1979, 
Conenco InternatIOnal Limited. 

Emergency Dams - It IS suggested that for emergency purposes, the dams should be supplted on pallets 
which may be loaded by fork-hft truck on trailers. Each pallet would typically contain suffiCient frames 
and membranes for a 50 m (164 ft) length of dam, plus a kit of other eqUipment which might be useful at a 
totally unprepared site such as shovels, ropes, knife, sandbags, cartridge-operated fastenmg gun (for flxmg 
dam ends of fabriC to concrete), sledge hammers, spare webbing ties, cham-edged sealmg sheet for 
manoeuvring over leaks or holes m flood walls and membrane repair kit. 

Reference: Manufacturer's Literature; personal commUniCation, R. Parent, (September 19, 1983). 

For further mformatlon contact: 

Mr. Merv Fmgas 
EnVironmental Emergencies Technology DIVISion 
River Road EnVironmental Technology Centre 
Ottawa, Ontano 
K I A IC8 

Telephone (613) 998-9622 
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PROTOTYPE SEA CURTAIN BARRIER No. 24 

APPLICABILITY Gas Liquid Solld 
Sol FI Sk Sol FI Sk 

DESCRIPTION - .A.. floatmg barrier which extends to the bed of the waterway. Consists of a boom and 
anchors. ----;:===========~[;=!)~~::::;~=:_---___: 

.... -::_--7,L I 

-----" : 
1_- •• : 

t .f;;;:{<:~·-~· -. I - ::~~~~~g@:'J1.~~ 
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~ ""~~~~~~~:1:~~~::::~-~::~:--~ :.-' , i#:Ii -,~~::~·c~rt;I~:~~~.;ler ____ :>\ -. //; 
Waterbody Bottom<:::._-- .• :----•••• -,-":. ~- :2:<::::: --z .. _.·"'---·· .---,,' .;;..:; 

'$,'"------.::---~(~:--- -- -~~~.:~<::./ 
Explosive Embedment Anchor ----.\: ------ Liquid filled Bladder .. ,\ ... 

OPERATING PRINCIPLE - The barrier IS deployed to enCircle the spill locatIOn. Explosive anchors are fired 
mto the bed of the lake or stream and attached to the boom. The weighted bottom of the boom forms a 
seal along the bed of the waterway. 

PHYSICAL SPECIFICATIONS -

Materials: Boom - Hercullte 20 (nylon filament reinforced plasticized PVC fabric) 
Cordage, Hardware and Fastening Materials - Nylon or PVC 

Anchors Five explosive embedment anchors made by EDO Western Corp. 
Weight: 27.2 kg (60 lb) each 
Vertical pullout strength for sand and mud 4535.1 kg (9998 Ib) 

DimenSIOns: 61.0 m (200 ft) long x 9.1 m (30 ft) high 
InterconnectIOn of boom lengths IS with laces and a velcro striP' 
FlotatIOn: Air 
Ballast: Water or heavy solutIOn 

OPERATING SPECIFICATIONS - For waterways depth from 3.0 to 7.6 m (10 to 25 ft); Current up to 1.0 m/s; 
Chemical resistance of the barrier materials IS as follows. 

STATUS OF DEVELOPMENT AND USAGE - Developed to prototype stage only by the U.S. EPA. Further 
techmcal refinement IS pOSSible, pending funding. Current plans by the U.S. EPA do not Include 
development of the Sea Curtain to a commercial product (see also Performance). 

PERFORMANCE - Tests performed for the EPA Yielded the following results: 

Bear Lake, Utah - Anchor penetratIOn and attachment tested with satisfactory results; water depth about 
7.6 m (25 ft) over a coarse silt; anchor penetratIOn was from 4.0 to 6.4 m (13 to 21 ft). 
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Sugar Grove, WV - total system deployment tested for use In a qUiet water conditIOn; total deployment 
time 6 hours; the barrier effectively contained a test spill of Rhodamlne-B fluorescent dye. 

Chemical 
Hercullte FabriC 
with Plasticized PVC 

Nylon 
Line 

---------- --------------
Phenol 
Methyl Alcohol 
Insecticides, Rodentlcldes 
Acrylonitrile 
Chlorosulphurlc ACId 
Benzene 
AmmOnia 
MISC. Cyclic InsectiCides 
Phosphorone Pentasulphlde 
Styrene 
Acetone Cyanohydrin 
ChlOrine 
Nonyl Phenol 
DDT 
Isoprene 
Xylenes 

A = Satisfactory for Use 

A-B 
A 
A 
A 
A 
B 
A 
A 

B 
A 
A 

A 
A-B 

* 

A 
A 
A 

A-B 
A 
A 
A 

A 
A 

A 

B = Satisfactory In Certam Circumstances 
where a rating IS not gIven, the chemical 
resistance IS unknown 

C = UnsatIsfactory 
(NOTE: These ratings are for chemIcals In concentrated form. ReSIstance wIll be better for dIluted forms.) 

Lakeworth, FlOrida 1976 - An advanced, modified prototype was evaluated which had Increased 
strength and Improved chemICal and abraSion resistance. The tests revealed diffIculties assoCiated 
With the barrier's deployment, including achievement of the seal along the bottom edge (the bottom 
portion of the deVIce IS a fleXible water-fIlled chamber), and removal of the system after use. 

AV AILABILITY AND COMMERCIAL INFORMATION -

Original Contractor 
(see also Other Data): 
Samson Ocean Systems, Inc. 
1386 Park Center Road 
Hendon, VA 22070 U.S.A. 
Contact: Mr. T.N. Blockwlck 

Sponsoring Agency: 
011 and Hazardous MaterIals Spills Branch 
MUniCipal EnVironmental Research Laboratory-CI 
U.S. EPA, Woodridge Avenue 
Edison, NJ 08817 U.S.A. 
Telephone (201) 321-6635 
Contact: Mr. I. Wilder 

OTHER DATA - Consult also: BlockwlCk, T.N., Evaluation of a Containment Barner for Hazardous Materials 
Spills In Watercourses, EPA-600/2-83-112, U.S. EPA, CinCinnati, OhIO (December, 19&3). 

Report avaIlable only 
through: 

U.S. NatIOnal Technical InformatIOn Service 
5285 Port Royal Road 
SpringfIeld, V A 22161 U.S.A. 

Refer also to: 

Samson Ocean Systems, Inc. 
99 High Street 
Boston, MA 02110 U.S.A. 
Telephone (617) 426-6550 
Contact: Mr. H.A. McKenna 

References: Brown, loS., Ocean Systems Inc.: "A PhYSical Barner System for control of Hazardous Matenal 
Spills In Waterways", Proc. 1972 Nat. Cont. on Control of Hazardous Materials Spills, pp. 93-
102 (I 972). 

Brugger, J.E. and Wilder, I., A ReView of the U.S. EPA's Research Pro ram on the PreventIOn 
and Control of Hazardous Material Spills, Journal of Hazardous Materials, Volume 1 1975 76) 3-
19, Amsterdam, The Netherlands. 

personal commUniCation, Mr. F .J. Freestone, U.S. EP A (February 15, 1984). 
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1.5 Vapour Control 

CONCEPT MECHANICAL COVERS - GENERAL LISTING No. 25 

APPLICABILITY Gas Liquid Solid 
501 FI Sk Sol FI Sk 

* * '* * 

Applicable to vapour rising from a pool of spilled liqUid. 

DESCRIPTION - Concept. A release of hazardous chemical IS covered by a sheet of continuous material, 
spray of a continuous cover, or the placement of buoyant particles or shapes. 

OPERATING PRINCIPLE - The cover placed over the spliled cherntcal contains the vapour cloud so that It can 
be subsequently collected. 

PHYSICAL SPECIFICATIONS -

1) Floating Covers 

2) Sprayed Cover 

Hypalon membrane 0.8 to 1.1 mm thick (fitted with polyurethane floats) In 7.6 m 
Widths covering up to 9750 m2. 

Polyethylene film 4 to 10 mtis, up to 12 x 30 m, weighing 34 -91 kg/373 m2 roll. 

Butyl, EPDM, neoprene and other synthetic rubbers 0.8 to 3.3 mm thick, In 12 x 30 
m rolls, weighing 227 to 1000 kg/372 m2 roll. 

Vinyl, other common plastics and polyurethane are alternative cover materials. 

Urethane. 

3) Array of Particles Hollow spheres, closed-cell foams In glass, polypropylene and polyurethane. 

Geometrical orderln~ of dodecahedron particles to produce a close-packed array; 
000 partlcles/0.38 m coverage. 

OPERATING SPECIFICATIONS - Detatied operating Crtterta were not obtained. Deployment of all concepts 
would take place from the upwind Side of the spill, likely at low (8 km/h) Wind speeds. In the case of 
floating covers, sUitable f1otatlOn or mechamcal support would have to be provided; deployment of the 
cover In comblnatlOn With a floating containment barrier might constitute one approach. Particle arrays 
would also be applied In a floating mode whereas the primary use of a sprayed cover would be on land. 

STATUS OF DEVELOPMENT AND USAGE - Use of all concepts has not been documented for spills of 
hazardous matenals. Floating covers have been used to contain vapours over lagoons. Particle arrays have 
been applied to open storage tanks, ponds and reactor vessels to reduce evaporative losses. Sprayed covers 
have been investigated as a means of vapour control but foams seem to offer more potential In thiS regard. 

PERFORMANCE - EvaluatlOn data were not obtained. 

Use of mechamcal covers "requires acquIsition In advance of the splil and storage untll needed, and In all 
but small spllls, deployment may be problematical." 

The research and development of sprayed covers has shown less prolTIlse than the approach of containing 
and collecting an aCCidental release uSing a fleXible bag; however, spraYing sandy sot! With a cherTIlcal 
cover may be effective In some sltuatlOns. 
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AV AILABILITY AND COMMERCIAL INFORMA nON -

Floating Covers: Globe Linings, Inc. 
P.O. Box 7396 
Long Beach, CA 90807 
U.S.A. 

Gulf Seal Corp. 
P.O. Box 508 
South Houston, TX 77587 
U.S.A. 

Carllsle Tire and Rubber 
P.O. Box 99 
Carllsle,PA 17013 
U.S.A. 
Telephone: (717) 249-1000 

Packed Array: Plastic Systems, Inc. 
Santa Anna, CA 
U.S.A. 

Sprayed Covers: 011 and Hazardous Materials Spills Branch 
MUnicipal Environmental Research Laboratory-CI 
U.S. EPA 
Woodbridge Avenue 
Edison, NJ 08837 
Telephone (201) 321-6634 
Contact: Dr. J.E. Brugger 

OTHER DATA-

References: Bennett, G.F., Feates, F.S. and WlIder, I., Hazardous Materials Spills Handbook, McGraw-HIli 
Book Company (1982). 

Robinson, J.S., Hazardous Chemical Spill Cleanup, Noyes Data Corporation, Park Ridge, NJ, 
U.S.A. (1979.) 

personal communicatIOn, Dr. J.E. Brugger, U.S. EPA (February 14, 1984). 



CONCEPT MOBILE GAS DISPERSION SYSTEM 

APPLICABILITY 

DESCRIPTION - Concept. 

Gas 

* 

,~~ 
J"9P;y 
~/ 

Liquid 
Sol Fl 
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Sk 
Soltd 
Sol Fl Sk 

VAPORIZING 
COIL 

BURNER 
SHROUD 

No. 26 

Er~~--ll~~,-=-SAFETY 
SCREENS 

PRINCIPLE - Safety burners utlltZlng propane enCircle a damaged ratlway car so that the heat 
they generate entrains, elevates and disperses the released hazardous gas In a rising thermal plume. 

PHYSICAL SPECIFICATIONS - System components Include: 

A propane tank truck to prOVide fuel for Safety Burners; capacity: 26 500 to 30 300 L (7000 to 8000 U.S. 
gal). 

12 Safety Burners rated at 4.4 MW deployed around the cars at a burner-to-burner spacing of 7.6 m (25 ft) 
which allows access to the damaged cars. 

A standard truck deSigned for deltverlng concrete block and bricks and capable of good off-road 
performance. ThiS IS to transport the burners, pipe, cable, power/control Untt, etc.; 6 x 2.6 m (20 x 8.5 ft) 
flat bed, e.g., GMS Bngadeer 9500 series. 

A hydraultc loader/unloader, e.g., WaJax Industnes untt, mounted on the truck and capable of a maximum 
reach of 8.5 m (28 ft) and a lifting capaCity of 800 kg (1764 lb). 

Power /control unl t cOr)slstlng of a 3kW, 120 V gasoltne generator set; solenoid-operated propane valves; 
weatherproof control panel and electriC cables; I m (3 ft) cube weighing 135 kg (300 Ib). 

Sensors for chlorine and flammable vapour plus a gas analyzer capable of IdentifYing a variety of hazardous 
gases. A Simple anemometer and Wind directIOn Instrument, on a stand, "wtll also be prOVided" to give 
Immediate, local Wind data. For the reference deSign, the follOWing units were proposed: 

- two Gastech 'vIodel 1177, solid state, combustible gas sensors; 
- two Interscan Model 1340 portable chlOrine gas detectors; 
- one Century System Model OVA-128 portable multi-gas analyzer; 
- one portable Wind speed and directIOn sensor. ThiS Will be a Simple anemometer and vane Instrument, 

plus a compass, mounted on an aluminum stand. 



55 

OPERATING SPECIFICATIONS -

Operation TlIne: 

Propane Consumption: 

Burner Airflow: 

Wind Speed: 

Spacing: 

3 1/2 to 4 hours based on one propane truck 

10.3 L/mln at 700 kPa 

9.5 m3/s (330 ft 3/s) @ maximum temperature of 370°C (700°F) based on 4.4 MW 
of heat produced 

S km/h or less results In vertical plume rtse within ring formed by burners 

burners at 7.6 m (25 ft) Intervals connected as two branches of SIX burners each 
with control Unit 30 m (98 ft) outside ring of burners and propane truck 150 m 
(492 ft) further back 

STATUS OF DEVELOPMENT AND USAGE - Concept proposed for spill control; fixed array In service at two 
Canadian chemical processing plants. 

PERFORMANCE - No prevIOus usage on spills of hazardous matertals spills. Testing and modificatIOn 
programs have been conducted to document and lInprove burner performance. Safety of this approach at 
spills requires lIwestlgatlOn. 

AV AIL ABILITY AND COMMERCIAL INFORM A nON -

Proponent: 

DSMA Atcon Ltd. 
4195 Dundas 'Street West 
Toronto, Ontarto 
Canada 
M8X lY4 

Sponsoring Agency: 

Transport Canada Research and Development Centre 
1000 Sherbrooke St. W. 
P.O. Box 549 
Montreal, Quebec 
H3A 2R3 

EstLrnated cost (March 1980) based on 13 burners and above Physical SpecificatIOns: 

Item 

Propane Tank Truck 
Flat Bed Truck Plus Hydraultc Arm 
Burners 
Sensors 
Power/Control Unit 
Propane Lines and Electric Cables 
Miscellaneous 
System Assembly 
General and Administrative Cost 

TOTAL 

Cost 
($ Cdn) 

90 000 
63 000 
75 000 
17 000 
8 500 

33 000 
9 500 

30 000 
15 000 

$341 000 

OTHER DATA - InformatIOn on this sytem IS contained In the report: 

Mooney, B.L., A. Robertson, A.G. Scott, and B.C. Stonehlll, DefinitIOn and Evaluation of a Mobtle Gas 
DisperSIOn System, DSMA 1134/1093, Toronto, Ontario (March, 1980). 
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PRODUCT MSA PORTABLE FOAMAKER No. 27 

APPLICABILITY Gas liquid Solld 
Sol FI Sk Sol FI Sk 

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

* * * * 

DESCRIPTION - A mobile system designed to produce high expansIOn foam to suppress the release of volatlle 
vapours from hazardous material spills. It consists of a foam generator (eductor) and a can-llke container 
with a mesh-screen at the outlet. Various size models are available. 

OPERATING PRINCIPLE - High expansIOn foam, produced by mlxmg water and foam concentrate, IS 
discharged to the spill area by means of water pressure, compressed COz, and/or electriC fan action. 

PHYSICAL SPECIFICATIONS -

MS A Portafoamaker 150 

Size: Handheld portable Unit operated by one person. 

Capacity: 9.5 L (2.5 U.S. gal) water plus 590 cm 3 (20 oz) foam concentrate. 

Power Source: C02 bottle and pressure regulator which malntams 830 kPa (120 pSI) over spllied liquid. 

Components: Tank, C02 bottle, bottle actuator, rubber hose, squeeze-type valve, 7.62 cm (3 m) MSA 
foam generator, pressure regulator. 

Model 3000 Foamaker Generator 

Size: 

Weight: 

Power: 

Screen: 

Water-Powered 

483 mm Diameter 
1 225 mm long with fireproof 
metal screen 

50 kg 

Water-driven turbine 
single phase 60 cycle 

Fireproof metal 

Mme Model Foamaker Generator 

Rubber tire or skid mounted Unit. 
Compressed-air motor. 

Electric-Powered 

483 mm diameter 
945 mm long with fireproof 
metal screen 

52 kg 

ElectriC motor, 1/2 hp, 110/220 V AC 

Fireproof metal 

Power requirements: 90 VDC, 128 VDC, 275 VDC, (Model A and Model B) 550 VDC, 220/440 VAC, 550 
VAC. 
Weight: Model A and Model B 363 kg (800 Ib). 
Diameter of foam outlet: Model A: 914 mm (36 In) 

ModelB: 1219mm(48m) 
1/2 hp motor, foam agent pump drive. 
Fan assembly: 3 hp motor. 
3 spray nozzles. 
Pressure regulator. 



Model 6000 Foamaker Generator 

Size: 

Power: 

Screen: 

Hose Fittings: 

Water-Powered 

914 mm (36 In) diameter 
1168 mm (46 In) long 

101 kg (223 Ib) 

Water-driven turbine 

Fireproof metal 

OPERA TING SPECIFICATIONS -

MS A Portafoamaker 150 
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Electric-Powered 

914 mm (36 In) diameter 
1524 mm (60 In) long with fireproof 
metal screen 

102 kg (225 Ib) 

Electric motor, I hp, 110/220 V AC, single 
phase, 60 cycles 

Fireproof metal 

38 mm (1 1/2 In) NatIOnal Standard Thread 

Water ReqUirements: 
Foam ExpanSIOn RatiO: 

fixed 9.5 L (2.5 U.S. gal) capaCity 
.500:1 

Foam Output: 
Throw Distance: 

4.25 m 3 (150 ft3) per two minute discharge period 
1.22 to 2.44 m (4 to 8 ft) at a height of 1.22 m (4 ft) 

Model 3000 Foamaker Generator 

Water-Powered 

Water ReqUirements: 3.5 L/s at I 103 kPa 
flOWing pressure at 
educt or Inlet 

Foam-ExpansIOn RatIO: 500 to I 

Foam Concentrate: ApprOXimately 2% 

Foam Output: 1.3 to 1.7 m 3/s 

Electric-Powered 

1. 9 to 2.5 Lis at 276 to 689 kPa 
flOWing pressure at eductor Inlet 

Vanes from 500 to I to 700 to I, 
depending on water pressure and 
flow 

ApprOXimately 2% at optimum 
conditIOns 

1.3 to 1.5 m 3/s 

Eductor can be adjusted to meter foam concentrate from I to 6%. Eductor can be attached to the 
foamaker or in-line. QUick acting and manoeuver able by two men. 

Mine Model Foamaker Generator 

Water ReqUirements: 

Foam Output: 

Model A Foamaker 

1.9 Lis at 207 kPa Inlet 
pressure 

Model B Foamaker 

1. 9 Lis at 207 k Pa Inlet 
pressure 

ThiS foamaker IS budt for mine service and can operate unattended. 
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Model 6000 Foamaker Generator 

Water Requirements: 6.3 LIs at 1 103 kPa flOWing 3.2 LIs at 552 kPa at eductor 
pressure at eductor Inlet 

Foam ExpanslOn RatiO: 600 to 1 850 to 1 

Eductor: Pre-set at factory to give 2% 

The eductor can be adjusted to meter foam concentrate from 1 to 6%. 
The eductor can be attached at the foamaker or In-Ime. 
ThiS Unit can be towed to any 10catlOn by the use of a trailer or pICkup truck. 

Mml-X Foamaker 

Can produce 0.4 m3/s With a 1.4 LIs eductor located on a fire truck. 
LIghtweight, portable and can be operated by one man. 
DeSigned for connectlOn to a 38 mm (1.5 In) hose. 
MaXimum operating pressure at foamaker: 552 to 689 kPa. 
MaXimum hose length: 30 m (98 ft). 
Lme pressure at eductor: 896 to 965 kPa. 
Effectl ve at 3.0 to 3.6 m (10 to 12 ft). 

STATUS OF DEVELOPMENT AND USAGE - Commercially available products deSigned for apphcatlOn to 
hazardous matenals spills. 

PERFORMANCE - Vapour Suppressing Foams. 

AV AIL ABILITY AND COMMERCIAL INFORMATION -

U.S. Manufacturer: 

MSA Research Corporation 
Evans City, PA 16033 
U.S.A. 
Telephone (412) 538-3510 
Contact: Mr. C. H. Staub 

or Mr. R.M. Hiltz 

Canadian "vtanufacturer: 

MSA Canada 
148 Norfmch Dnve 
Downsvlew,Ontano 
Canada 
M3N 1X8 
Telephone (416) 667-9400 

OTHER DATA - Ultrafoam Concentrate IS commonly used With these foamakers. 

Reference: Manufacturer's Literature. 



59 

--- ----- -------------
PROTOTYPE VAPOUR REDUCTION DEV[CE (VRD) No. 2& 

APPLICABILITY Gas Liquid Solid 
Sol FISk Sol FISk 

* 

DESCRIPTION - Prototype developed for the U.S. Coast Guard. The VRD system consists of a flexible "bag" 
which IS secured around deck opemngs to contain vapours during off-loading procedures. 

~-
Slide Cover Top 

\\ 
--Flexible Fabric Skirt 

------
\ 

Skirt Bottom Deck Attachment 

OPERATING PRINCIPLE - A tripod IS used to support the barre[-Iike cover over the opening. Velcro stripS on 
a magnetic mat are placed on deck. VRD base IS lowered over the opening and Velcro stnps around ItS base 
form a seal With stnps on deck. VRD lid IS then placed over the base and attached. [t Incorporates an 
adjustable opening permitting the insertIOn of "ADAPTS" piping while maintaining an effective seal. 

PHYSICAL SPECIFICATIONS - DimenSIOns not documented. 

Top: 
Skirt: 
Slide Top: 

Stainless Steel 
Vlton-coated Dacron 
Teflon 

OPERATING SPECIFICATIONS - Deck Openings which may be accommodated: from: 318 mm (12.5 In) 
diameter flush deck Butterworth openings; to: Raised cargo hatches With coamlngs 762 mm (30 In) In 
diameter and 1270 mm (50 In) In height. 

May be used directly With "ADAPTS" (see entry no. 116). 

STATUS OF DEVELOPMENT AND USAGE - Prototype deVice which has undergone limited testing. 

PERFORMANCE - Tests by the U.S. Coast Guard uSing heptane as a representative vapour determined that 
the VRD could keep vapour concentratIOns around the deVice down to about 1 ppm. 

AVAILABILITY AND COMMERCIAL INFORMATION-

U.S. Coast Guard Research and Development Center 
Avery POint 
Groton, CT 06340 U.S.A. 
Contact: Mr. D.L. Motherway 

OTHER DATA - None obtained. 

Reference: Motherway, D.L., H.W. Sites, R.S. Hamel, and F. Cooney, U.S. Coast Guard: "Development of a 
Vapor ReductIOn DeVice for RedUCing TOXIC Vapors During Emergency Off-loading Operations", 
Proc. [980 Nat. ConI. on Control of Hazardous Materials Spills, pp. 322-326 (1980). 
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PRODUCT VAPOUR SUPPRESSING FOAMS - GENERAL LISTING No. 29 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

* * * * 

Applicable to vapours rlsmg from a pool of spilled hqUid. 

DESCRIPTION - A range of foams that can be used to control the vapour hazard from certam classes of 
hazardous matenals through the formation of a contmuous layer of bubbles or a thm ftlm. 

OPERA TING PRINCIPLE - The foam blanket can temporarily reduce the vapour concentratIOn above the spill 
surface, decrease the evaporation rate, prOVide a barner to thermal or solar radiatIOn and, m some cases, 
mhlblt Ignition or flame propagation If IgnitIOn does occur. Low expansIOn foams appear to rmtlgate a spill 
by formmg a barrier to vaporizatIOn; high expansion foams appear to engulf the vapours, thereby reducmg 
the vapour concentratIOn directly above the foam layer. 

WARNING: SOME FOAMS ARE NOT INTENDED FOR USE ON FIRES UNDER ANY CIRCUMSTANCES. 
CHECK BEFORE USING. 

PHYSICAL SPECIFICA nONS -

Lorcon Foams (flre-flghtll1g foams) 

1) Lorcon Pyrosol - 3/6% 

SpeCifiC gravity @ 20°C 
pH @ 20°C 
VIscosity 
Packaging 

Storage Temperature: 

1.015 
7.5 
"pseudo-plastic solution" 
20 L (5.3 U.S. gal) plastic pall welghll1g 22 kg (48 lb) 
208 L (55 U.S. gal) plastlc-hned steel drum welghmg 236 kg (520 lb) 
1.7 to 48.9°C (35 to 120°F) 

2) Lorcon Full-Ex Multi-ExpanSIOn and Mid-Ex Medium ExpanSIOn 

Specific gravity @ 20°C 
pH @ 20°C 
VISCOSlty'.:9 20°C 
Packagmg 

Storage Temperature: 

1.01 
7.5 
15 x 10-6 m2/s 
20 L (5.3 U.S. gal) plastic pad welghll1g 22 kg (48 lb) 
208 L (55 U.S. gal) plastlc-hned steel drum welghmg 236 kg (520 lb) 
I. 7 to 48.9°C (35 to 120°F) 
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3) Lorcon Fluoroproteln 

The company's regular and fluortnated protem foams are avadable as 3% and 6% concentrates m regular 
and low temperature forms. 

3% 6% 3% L T 6% L T 
SpecifIC gravIty @ 20°C 
pH @ 20°C 

1.135 1.150 T.TiO T.TIO 
6.9 6.9 6.9 6.9 

VISCOSI ty (m 2/s x 106) 
PackagIng 

25 18 35 18 
all available lf\ 20 L (5.3 U.S. gal) plastic pad 
welghmg 24.0 kg (53 Ib) or as 208 L (55 U.S. gal) mdd 
steel drum welghmg 260.8 kg (575 Ib) 

Storage Temperature -6.7 to 37.8°C -28.9 to 37.8°C 
(20 to 100°F) (-20 to 100°F) 

4) Other Lorcon Foams 

In addltloT1 to Regular Protem, other Lorcan foams mclude Aqueous Fdm-Formmg Foam (AFFF) and 
Trammg Foam Concentrate. 

3 M Foams (flre flghtmg foams) 

I) 3 M LIght Water AFFF/ATC (ATC) Foam (3%/6% concentrate) 
SpeCifIC gravIty @ 25°C (noF): 1.022 

pH @ 25°C (n° F): 
VIscosIty: 4.4°C (40°F): 

25°C (nOF): 

7.8 
3.22 x 10-3 m2/s 
2.29 x 10-3 m 2/s 

PackagIng: 20.4 kg (45 Ib)/ 19 L (5 U.S. gal) pad 
236 kg (520 Ib)/ 208 L (55 U.S. gal) drum 

Storage Temperature: 1.7 to 49°C (35 to 120°F) 
Note: AFFF = aqueous fdm-formmg foam 

ATC = alcohol type concentrate 

2) 3 M LIght Water AFFF Foam 

SpecifIC gravIty @ 25°C 
pH at 25°C: 
VIscosIty: .:9 4.4°C: 

@ 25°C: 
Packagmg, Storage Temperature: 

MSA Foams (fIre flghtmg foams) 

6% 
1.012 
7.5 
4.8 x 10-6 m2/s 
2.4x 10-6 m2/s 
UnspeCIfIed 

[) MSA Ultrafoam (hIgh and low expansIon) Type V 
(Standard Grade) 

DenSIty: 9.7 x 102 kg/m 3 (liqUId) 
pH: 6.5 to 7.0 
VIscosIty: 12 x 10-6 m 2/s 
Cloud pomt: 4°C 
Colour: Clear 
Packagmg: 19 L plastIC can welghmg 19 kg 

3% 
1.055 
7.5 
16.3 x 10-6 m2/s 
7.5 x 10-6 m2/s 

113 L plastIC lined steel drum welghmg 112 kg 
208 L plastIC hned steel drum welghmg 204 kg 

2) Ultrafoarn S W 

Formulated for salt water to -17.8°C (O°F), phYSIcal propertIes unspecIfIed. 

3) Ultrafoam Zero F and Super Grade 

Formulated for fresh water, good to -17.8°C (O°F) and (O°C) 32°F, respectIvely, phYSIcal propertIes 
unspeCifIed. 
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National Foam Foams 

1) Hazmat NF Number I (for alkalIne spills) 
(Not for use on fires) 

SpecifiC gravity @ 25°C 
pH 
ViSCOSity @ 25°C 
PackagIng 
Maximum Storage Temperature 

2) Hazmat NF Number 2 (for aCid spills) 
(Not for use on fires) 

SpecifiC gravity @ 25°C 
pH 
ViSCOSity @ 25°C 
PackagIng 
Maximum Storage Temperature 

Note that Hazmat NF Numbers 
Hazard Foams), respectively. 

0.950 to 1.050 
7.S to 8.0 
5 to 20 x 10-6 m2/s 
Unspecified 
49°C 

0.950 to 1.050 
4.5 to 5.0 
10 to 20 x 10-6 m2/s 
Unspecified 
49°C 

and 2 replace their precursors CHF413 and CHF 784 (Chemical 

Reference: Norman, E.C., "Vapor MitigatIOn by the Use of Foam: Case History and Large-Scale Outdoor 
Tests", NatIOnal Foam System, Inc., ProceedIngs of the 1982 Hazardous Ivlatenal Spllis 
Conference, Mtlwaukee, WI, Aprll 19-22 (J 932). 

3) Universal: 6 - 10% AFFF and Alcohol Resistant 

SpeCifIC gravity at 25°C 
pH 
ViSCOSity 
PackagIng 

0.93 to 1.02 
7.0 to 7.5 
Unspecified 
19 L (5 U.S. gal) plastic pall weighing 20.4 kg 
(45Ib) 
190 L (50 U.S. gal) plastic-It ned steel drum weighing 210 kg (463 
Ib) 

Universal CG foam is manufactured for shipboard use. Both polar solvent Universal foams replace the now 
discontInued NatIOnal Foams product Aer-O-Water PSL. 

4) NatIOnal Foam also produces other foams applicable to flammable ltquid materials: 
ProteIn Based Types 

Aer-O-Foam 3% Regular 
Aer-O-Foam 6% Regular 
Aer-O-Foam 3% Cold Foam 
Aer-O-Foam 6% Cold Foam 
Aer-O-Foam XL-3 - 3% FluoroproteIn (Cold Foam) 
Aer-O-Foam XL-6 - 6% FluoroproteIn (Cold Foam) 

Synthetic Types 

Aer-O-Water I - 1 % AFFF 
Aer-O-Water 6 - 6% AFFF 
Aer-O-Water Plus - 3% AFFF 

(Available In Cold Foam) 
High ExpansIOn - I 1/2 % to 3% Syndet 

Please consult the manufacturer's literature for specificatIOns pertInent to Individual products. 
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Rockwood Systems Corp. Foams (fire flghtmg foams) 

1) Aguafoam OmnJ 3%/6% AFFF 

Specific gravity @ 25°C 
pH 
VIscosity @ 25°C 
Packagmg 

Storage Temperature 

0.98 to 1.02 
7.0 to 8.5 
20 to 30 x 10-6 m2/s 
18.9 L (5 U.S. gal) plastic pall welghmg 20 kg 
(45Ib) 
208 L (55 U.S. gal) Imed metal drum weighing 
260 kg (570 Ib) 
1.7 to 65.6°C (35 to 150°F) 

This product replaces Rockwood Alcohol (All Purpose) Foam. 

2) Fluoroprotem Foam: Super-Pro 3% and 6% 

3) 

4) 

5) 

6) 

SpecifiC gravity @ 20°C 
pH 
VIscosity @ 21.1°C (lO°F) 

Packagmg 
Storage Temperature 

1.16 
6.8 to 7.5 
45 x 10-6 m2/s for 3% 
18x 10-6 m2/s for 6% 
(see Aquafoam) 
Unspecified 

Protem Foam: Double Strength 3% and Regular Strength 6% 

3% 

SpeCIfic gravity @ 20°C 1.18 
pH 6 to 7.5 
VISCOSity @ 20.6°C (69°F) 25.0 x 10-6 m2/s 
Packagmg, Storage Temperature As above 

Alcohol Resistant: 6% All Purpose Foam 

SpeCifiC gravity @ 20°C 1.155 
pH less than 9.5 
VIscosity @ 20°C 10 to 14 x 10-6 m 2/s 
Packagmg, Storage Temperature As above 

High-ExpanSIOn Foam: Jet-X 1% - 2.5% 

SpecifiC gravity @ 20°C 1.004 
pH 6.8 - 7.0 
VIscosity @ 20°C 6-10 x 10-6 m2/s 
Packagll1g, Storage Temperature As above 

AFFF Foam: Aguafoarn 3% and 6% 
3% 

SpeCifiC gravity @ 25°C 1.023 
pH @ 25°C 8.0 
VIscosity @ 25°C 3.0x 10-6 m2/s 
Packagmg, Storage Temperature As above 

6% 

1.16 
6 to 7.5 
19.4x 10-6 m2/s 

6% 

1.018 
8.1 
2.35 x 10-6 m 2/s 
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Reference: Manufacturer's literature. 

OPERATING SPECIFICATIONS - (based on manufacturer's llterature) 

Lorcon Foams 

1) Lorcon Pyrosol - 3/6% 

Formulated for hydrocarbon fire hazards at 3% concentratIOn and polar solvent hazards at 6% 
concentration. 
Freezing pOint: -2.2°C (28°F) 
Usable temperature range 1.7 to 48.9°C (35 to 120°F) 
Can be proportIOned uSing most conventional hardware such as balanced pressure, pressure vessel, fixed 
or portable in-line (ventun) systems, etc. 
Compatible with most dry chemicals. 
Resists relgmtlon and burnback. 
Can be used with fresh or sea water. 
Forms a sealing polymenc layer on polar solvents and a free-flowing aqueous ftlm on hydrocarbons. 
ExpansIOn ratio varies between 4 and 10 to 1 depending upon the method of application. 

2) Lorcon Full-Ex Multi-ExpansIOn and Mid-Ex Medium ExpansIOn 

Formulated to fight hydrocarbon fires as well as automotive, brush, etc. fires. 
Can be used with fresh or sea water. 
Multi-ExpansIOn foam can be proportioned at low, medium and high ratIOs; MedIUm-Ex can be 
proportIOned at low and medium ratIOs. 
Most conventIOnal hardware can be employed to disperse foam. 
Compatible with most foam-compatible dry chemicals. 
FreeZing pOint IS -6.7°C (20°F) 
Both foams are avatlable as a single concentrate for use at vanous solutIOn strengths depending upon 
expansion ratio selected and deSired apphcatlon. 

3) Lorcon Fluoroproteln 

Formulated for regular and low temperature apphcatlOns. 
FreeZing pOint: -11.1oC, -17.8°C or -34.4°C 
Compatible with most fluoroproteln concentrates, sllicomzed sodium bicarbonate, purple K and Super K 
dry chemicals. 
ReSists relgmtlOn and burnback. 
Forms a coheSive, free-flowing blanket that clings to hot metal. 
Apphcable to vapour suppression and extingUishing fires of gasohol and hydrocarbon spills. Can be 
rroportlOned uSing most conventional equipment. 

4) Other Lorcon Foams 
Consult the manufacturer's hterature. 

3 M Foams 

1) 3 M light Water AFFF/ATC (ATC) Foam: 3%/6% Concentrate 

FreeZing POint: -2.2°C (28°F) 
Minimum Use Temperature: I.rC (35°F) 
Slight eye and skin Irritant; non-toxIc. 
BIOdegradable; can be treated In bIOlogical treatment systems. 
DeSigned for protectIOn of water-soluble polar solvents (eg. acetone, ketones) and water-Insoluble 
hydrocarbon flammable liquids. 
Recommended for use In a Wide vanety of foam application deVices, such as non-aspirating sprinklers, 
water spray and fog nozzles. 
Can be Injected below liquid level of a burning petroleum storage tank. 
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2) 3 M Light Water AFFF Foam 
6% 

Minimum use temperature Doc 
Freezing POint _4°C 

Non-toxIc, non-corrOSive, biOdegradable. 
Compatible with other dry chemical agents and C02. 
Designed for protection of both water-miscible polar solvents and hydrocarbon flammable liqUids. 
PrOVides a vapour seal which extinguishes the fire and prevents relgnltiOn. 
Freeze-thaw cycling may cause siJght stratificatiOn of the foam liqUid which may be overcome by 
agitation. 
Can be used with foam equipment and standard water/fog nozzles and eductors. 
Can be Injected below the liqUid level of a burning petroleum storage tank. 

MSA Foams 

J) MSA Ultrafoam (high and low expanSiOn) Type V (Standard Grade) 

Pour pOint: _2°C 
Soluble In cold water. 
Storage stability: Indefinite @ 66°C In approved storage. 
BiOdegradable, non-corrosive. 
Can be used In fixed or portable high-expanSiOn foam-generating equipment and low expanSiOn 
nozzles of any manufacturer. 
With low-expansion foam nozzles, It can produce 20 to 1 volume of foam. 
Can be stacked high Without bubble collapse. 

Reference: Manufacturer's Literature, personal communiCatIOn, Mr. A. Paterson, Lorcon Inc. (March 23, 
1982), Mr. Brack, LeVitt-Safety (March 23, 1982). 

2) Ultrafoam S W, Zero F and Super Grade 

Water Type 
Minimum Operating Temperature 
Other CharacterIstics 

NatiOnal Foam Foams 

1) Hazmat NF Numbers I and 2 

NOT FOR USE ON FIRES. 

SW Zero F 

Salt Fresh 
_17.8°C -17.8°C 
Generally as above 

Super Grade 

Fresh 
DoC 

Number I deSigned for alkaline spIlls and Number 2 Intended for aCidiC materIals splils. 
FreeZing pOint -4.0°C (25°F). 
Minimum usable temperature DoC. 
Cannot be used on materIals which react vigorously With water (e.g., oleum, hydrogen cyanide, 
chiorosiianes, etc.). 
LiqUid concentrate should be proportioned at 6% With fresh water uSing MPW nozzle and proportlOner of 
any manufacturer to Yield an expansIOn ratiO exceeding 15: 1. 
DIlute to 0.01 % concentration of foaln before discharge of foam only to sewage facIlities. 
Store Hazmat NF Number 2 In stamless steel or fiberglass-reinforced polyester (FRP) containers. 

Reference: Manufacturer's literature; Section XIV, Controlling Hazardous Vapors, received (November 
7, 1983). 

2) Universal: 6-10% AFFF and Alcohol ReSistant 

DeSigned for use on hydrocarbon fuels or polar (alcohol type) fuels. 
Can be appiled either through air-aspirating deVices (polar fuels or hydrocarbons) or non-aspirating 
deVices (hydrocarbons only). 
May be plunged Into fuel or applied to fires by subsurface (base inJectIOn) foam makers (hydrocarbons 
only). 
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May be used WI th fresh or sea water. 
Use at 3% proportIOning on hydrocarbons and 6% on polar fuels. 
'vIlnimum usable temperature 1.6°C. 
BIOdegradable, non-toxIc. 
Recommended storage container O.~S cm (3/l6 In) mild steel or 30~ stainless steel. 
Universal CG IS manufactured for shipboard use. 

3) Other National Foam Products 

Consult the manufacturer's literature for data on specifIC product types within the following groups: 

Aer-O-Foam XL Fluoroproteln liquids 
Aer-O-Foam Regular Liquids 
Aer-O-Water Liquids (AFFF) 
High ExpansIOn Foam (Syndet) 

Rockwood Systems Corp. Foams 

L) Aguafoam Omnl 3%/6% AFFF 

Intended for both polar sol vent (mix In 6% concentratIOn) and hydrocarbon (at 3% concentratIOns) fires. 
Low tOXICity, non-corrosive and chemically stable. 
Compatible with dry chernlCal agents. 
Can be proportIOned or premixed uSing fresh or salt water. 
6% solutIOn concentrate utilizes Type II applLcatlon (foam partially submerged). 
3% concentrate delL vered directly onto burning ILquld - Type III appltcatlOn. 

2) Fluoroproteln Foam: )uper-Pro 3% and 6% 

DeSigned specifically for hydrocarbon fires. 
Used where foam IS plunged Into burning fuels or Injected below the fuel surface. 
Compatible with dry chemICals. 
Concentrate can be used with fresh or salt water. 
Pour pOint of 3% IS -3.9°C (25°F) and of 6% IS -6.7°C (20°F). 
Formulated to resist hydrocarbon saturation. 
DeSigned for use with foam hardware of any manufacturer. 

3) Protein Foam: Double Strength 3%; Regular Strength 6% 

Both concentrates can be mixed with fresh or salt water. Low expansIOn foam deSigned for flammable 
liquid fires. 
Formulated to be heat-resistant and smooth flOWing. 
Pour pOint of 3% concentrate IS -26.1 °C (_15°F) and of 6% IS -6.7°C (20°F). 

~) Alcohol ReSistant: 6% All-Purpose Foam 

Developed specifically for water-soluble flammable ILqulds. Intended for fires involving alcohols, 
ketones, esters and other polar solvents. 
Concentrate should be mixed with water and aspirated; preparing pre-mix foaming solutIOns IS not 
possible SLrlce reactIOn of concentrate with water proceeds rapidly. Should be applted gently to burning 
surface so that protective barriers surrounding bubble walls remain Intact. 
Pour pOint IS -22.8°C (_9°F). 

5) High-Expansion Foam: Jet-X 1 % - 2.5% 

Pour pOint: _2°C 
1 L (0.3 U.S. gal) of foam solutIOn produces 100 to 1000 L (26 to 26~ U.S. gal) of foam. 
Can float on LNG and hydrocarbons. 
Can separate fire from fuel and extinguish hot hydrocarbon fires. 
Capable of being stacked "hundreds of feet high" and totally flooding the area. 
Can extinguish hOrizontal and vertical running fires. 
Non-hazardous to people entrapped In It. 
Can be used as a vapour suppressant. 
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6) AFFF Foam: Aguafoam 3% and 6% 

Pour pomt of both concentrates IS -1.1 °C ODOF). 
Designed pnmanly for aircraft crash rescue work and on flammable liquid hydrocarbon fires. 
Formulated with wettmg agent characteristics to make It applIcable to ordmary combustibles. 
Compatible with dry chermcal agents. 
Designed for rapid spreadmg as a vapour-suppressmg fIlm on fuel surfaces. 
Non-corrosive, blO-degradable. 
Designed to qUickly dram from foam bubble to solutIOn thus maxlmlzmg fIlm and provldmg burnback 
resistance. 

STATUS OF DEVELOPMENT AND USAGE - All foams addressed are avaIlable as commercial products. 
Except as noted, they have been largely formulated and have been widely utilized to extingUish ftres 
resultmg from the IgnitIOn of accidental spillages of flammable lIqUids. Their use also mcludes the 
mitigatIOn of the effects of vapours from hazardous matenals spills. InvestigatIOn of the latter situatIOn 
Involves varIOus ongomg research and development programs. 

PERFORMANCE - As an overall gUide to the types of foams available and their potential uses, the followmg 
summary table has been prepared. General use gUldelmes as well as reference to foam types and speCIfic 
chemicals are presented followmg this table. 

Foam Type 

Protem-based: 

1) Protem 

2) Fluoroprotem 

3) Alcohol 

FormulatIOn ApplIcatIOn 

---------

hydrolyzed protem flammable 
With additives to lIquid 
retard hydrocarbons 
bIOdegradatIOn 

protem plus flammable 
f1uonnated liqUid 
surf act ants hydrocarbons 

alcohol-based flammable polar 
protem foam solvents 

Comments 

low expansion; 
prOVide short-term 
control; good heat 
reSistance, 
cohesl veness and 
stabilIty 

low expansIOn; 
short-term control; 
resist hydrocarbon 
saturation and 
burnback 

low expansIOn; 
short-term control; 
stable With some 
alcohols, ketones 
esters, etc. 

Generally, protem-based foams are low expansion and add water at a relatIvely fast rate 
particularly to reactive lIquefied gases and lIquids. Higher water dramage does not favour 
the mitigatIOn of vapours although alcohol foams are stable agamst polar, low molecular 
weight lIquids such as acetone. These foams have been developed primarIly for fire 
control. 
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Foam Type FormulatIOn ApplicatIOn Comments 

Surfactant-based: 

1) Low Expansion synthetic flammable short-term control; 
detergents liquid more sUited to 

hydrocarbons vapour control In 

higher winds 

2) High ExpansIOn synthetic flammable longer-term control; 
detergents ltquld low water drainage; 

hydrocarbons best for reactive 
liquefied gases and 
liqUids; use In low 
Winds « 4-.5 m/s) 

3) Aqueous FIlm- fluorosurfactants flammable designed for qUickly 
Forming Foam ltquld extingUishing fires; 
(AFFF) hydrocarbons vapour control IS 

satisfactory With 
some substances 

4-) AFFF / Alcohol fluorosurfactant flammable low expansIOn; 
plus alcohol polar solvents designed for qUick 
concentrate and hydrocarbons fire control; avoid 

water-reactl ve 
ltqulds although low 
water drall1age 
indICated by manu-
facturer; vapour 
control should be 
satIsfactory With a 
range of substances 

5) Alkallne- surfactant alkalme materials medium expansIOn; 
Resistant plus addl tl ves not on fire slow drainage rate 

claHned; foam 
stable With 
speCified matenals 
for vapour control 

6) ACid-Resistant surfactant aCidiC matenals medium expansIOn; 
plus addItIves not on fire slow drainage rate 

claImed; designed 
for vapour control 
of spilled aCidic 
ltqulds 

For the most part, surfactants have been developed for fire control and are SUitable for 
both low (l 0: 1) and high (I00:1) expansion appltcatlOI1S except as indicated. High expansIOn 
foams require less water, exhibit lower vapour concentratIOns above the foam blanket but 
are more Influenced by Wind (above 4-.5 m/s), rain and temperature (above 21.1 °C (70 ° F». 
--------- ------------ - - ----------- -- --- ------- -------- - -~ - - -- ----
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General GUidelines to Foam Use 

For liquefied gases heavier than air, foams may be of little value. 
For liquefied gases lighter than air, high expansion foams may provide reasonable vapour mitigatIOn. 
For nonpolar liquids not water-reactive, any high quality foam cover affords control. 
High expansIOn foams generally result In greater long-term control than low expansIOn foams, 
particularly In water-reactive materials. 
For polar liquids, alcohol and polar AFFF products remain stable longer than other types. 
Generally, choose foams to control vapours originating from individual substances by determining If 
applicability to the material In question IS known. 

Foam Capability In SpeCIfIC Hazardous Materials 

The following matrix of foam capabilities was derived by MSA Research CorporatIOn under sponsorship 
of the U.S. Environmental ProtectIOn Agency. 

AVAILABILITY AND COMMERCIAL INFORMA nON -

Lorcon Foams: 

3 M Foams: 

MSA Foams: 

NatIOnal Foam Foams: 

Rockwood Foams: 

Canada 

Wormald CDN Inc. 
2421 Holly Lane 
Ottawa, Ontario 
K I V 7P2 
Telephone (613) 526-0435 
Contact: Mr. George Cowan 

3 M Canada Inc. 
Fire ProtectIOn Systems 

DIvIsion 
P.O. Box 5757 
London, Ontario 
N6A 4Tl 
Telephone (519) 451-2500 
Contact: Mr. K. Schoenroth 

MSA Canada 
148 Norflnch Drive 
Downsvlew, Ontario 
M3N 1X8 
Telephone (416) 667-9400 

Distributor: 

Levitt-Safety Ltd. 
33 Laird Drive 
Toronto, Ontario 
M4G 3S9 
Telephone (416) 425-8700 

U.S.A. 

Wormald U.S. Inc. 
I Stanton Street 
Marinette, WI 54143 
Telephone (715) 735-7411 
Contact: Dr. J.F. Riley 

3 M Company 
3 M Center 
St. Paul, MN 55101 
Telephone (612) 733-0466 

MSA Research CorporatIOn 
Evans City, PA 16033 
Telephone (412) 538-3510 
Contact: Mr. C.H. Staub 

NatIOnal Foam Systems Inc. 
150 Gordon DrI ve 
LIOnville, PA 19353 
Telephone (215) 363-1400 
Contact: Mr. S. E. Ellnsky or 

Mr. E.C. Norman 

Rockwood Systems 
CorporatIOn 

80 Second Street 
South Portland, ME 04106 
Telephone (207) 799-3341 

OTHER DATA - Foam applicatIOn equipment IS generally available from foam manufacturers. One listing 
only has been Included In thiS survey (Entry No. 27) due to time constraints associated With thiS proJect. It 
indicates a tYPical range of foam dispensing hardware. 

References: Bennett, G.F., F.S. Feates and I. Wilder, Hazardous Materials Spills Handbook, McGraw-Hill 
(I982). 

Gross, S.S. and R.H. Hiltz, "Project Summary EvaluatIOn of Foam for Mitigating Air PollutIOn 
from Hazardous Spills", EPA-600/S2-82-029 (July, 1982). 

Gross, S.S. and R.H. Hiltz, "EvaluatIOn of Foams for Mitigating Air PollutIOn from Hazardous 
Spills", EPA-600/2-82-029, CinCinnati, OH (June, 1982) and project summary (July, 1982). 
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FOAM CAPABILITIES 

Overall Surfactant Surfactant 
Recommen- -Low -High Fluoro-
datIOn ExpansIOn ExpansIOn Protein protein Alcohol AFFF 

Organlcs-Ali~hatlc 

ACids - Acetic ACid ND ND ND ND ND ND ND 
- CaproIc ACId ND U ND ND ND ND ND 

Alcohols - Amyl Alcohol ND U U ND ND ND ND 
- Butanol R E- E- E- E- A+ E-
- Butyl Cellosolve ND ND ND U ND ND ND 
- Methanol R E- E- E- E- A+ E-
- Octano! R U U U U U ND 
- Propanol R E- E- E- E- A+ E-

Aldehydes &. - Acetone R E- E- E- E- A+ E-
Ketones - Methyl Butyl Ketone R E- E- U ND A+ ND 

- Methyl Ethyl Ketone R U U U ND A+ ND 

Esters - Butyl Acetate ND U U U U ND ND 
- Ethyl Acetate ND U U U U ND ND 
- Methyl Acrylate ND U U ND U ND ND 
- Methyl Methacrylate ND U U ND U ND ND 
- Propyl Acetate ND U U U U ND ND 

Halogenated - Butyl Bromide ND U U ND ND ND ND 
- Methyl Bromide ND U U ND ND ND ND 
- Tetrachloroethane ND U U ND ND ND ND 

Hydrocarbons - Heptane R C+ B+ B+ B+ A+ C+ 
- Hexane R C+ B+ B+ B+ A+ C+ 
- Octane R C+ B+ B+ B+ A+ C+ 

Nitrogen Bearing - Dimethyl Formamlde ND U E- ND ND ND ND 

Organics-Aromatic 

Hydrocarbons - Benzene R C+ B+ B+ B+ A+ C+ 
- Tetrahydronaphthalene R U U U ND ND U 
- Toluene R C+ B+ B+ B+ A+ C+ 

Organlcs-Alicycllcs - Cyclohexane R B+ A+ B+ B+ C+ C+ 

Organics-Industrial - Gasoline R C+ B+ B+ B+ C+ C+ 
- Kerosene R C+ B+ B+ B+ A+ C+ 
- Naphtha R C+ B+ B+ B+ C+ C+ 
- Paint Thinner R C+ B+ B+ B+ A+ C+ 

Organlcs-Cryogens - Liquefied Natural Gas R C- A+ E- E- E- E-

Inorganlcs - Silicon Tetrachloride R E- A+ E- E- E- E-
- Sulphur Trioxide R E- A+ E- E- E- E-

Inorganlcs-Cryogens - Ammonia R C+ A+ C+ C+ E- C+ 
- Chlorine R C+ C+ C+ C+ E- E-

-------------------------------------------------------------------------
U Limited data available - capabilities uncertain 
ND No data 
R Foam use recommended over spill 
A+ Best foam formulatIOn 
B+ Next best foam forrnulatlOn 
C+ Acceptable In some situations 
E- Unsuitable foam formulatIon 
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----- ---
CONCEPT VAPOUR SUPPRESSION BY ARTIFICIAL COOLING No. 30 

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol Fl Sk 

* * * * 

DESCRIPTION - Concept. A crusher-pneumatic system distributes dry Ice over a spilled volatile chemical to 
lower ItS temperature thereby reducing the downwind concentration. The concept IS primarily sUitable for 
controlling tOXIC vapours rather than posmg a flammable or explOSive hazard. 

Crushed Dry 
Ice Discharge 

Dry Ice Distributor 

OPERATING PRINCIPLE - Coolant IS mixed directly With the spilled chemical to lower ItS temperature thus 
reducmg Its equIlibrium vapour pressure. 

PHYSICAL SPECIFICATIONS - The prototype crusher-pneumatic system developed for the dlstnbutlOn of dry 
Ice consists of: 

MSA Rockduster: Blower, hopper, auger feed screw, and discharge hose dnven by an explOSIOn-proof 
electric motor (see the "Solids Broadcaster" I1sted In this survey). 

Fitted With Model4-G Shredder/Grinder (W.W. Grinder Company, Wichita, Kansas): 

Shredder /Grlnder (W. W. Grmder Co., Model 4--G) 

Power Tram 
Hopper Size 

Screen Opening 
Mill Speed 

0.67 kW (9 hp) at 3200 rpm 
- Mill 4-3.2 x 43.2 cm 

(J 7 x 17 m) 
- Top 89 x 91.5 cm 

(35 x 36 m) 
5.1 cm (2 In) 

Max. - 2500 rpm 
Mm. - 600 rpm 
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System ModlficatlOns: 

Gas-powered motor of the crusher was replaced by an electrIc exploslOn-proof motor for safety reasons. 

Electric motors are powered by a remote dIesel electric generator. 

Auger replaced by a 51 mm (2 In) uniform-pitch auger to reduce blockage. 

Crusher speed reduced from 900 rpm to 600 rpm to reduce the amount of fme particles. 

OPERA TING SPECIFICATIONS -

Throughput 13.6 kg/min (30 Ib/mm). 
ConverslOn of dry Ice through system (output/mput): 50% due to sublimatlOn. 
25 x 25 x 2.5 cm (10 x 10 x 1 m) dry Ice blocks were available. 
PneumatIC Operatmg Capacity: 2.3 m3 (80 ft3) per mmute of air at 30.5 m (l00 ft) per second through a 38 
mm (1.5 In) hose. 

STATUS OF DEVELOPMENT AND USAGE - No indication was received of further research and development 
of these concepts by the U.S. EPA beyond the data reported here. 

PERFORMANCE - A feaSibility study evaluated four potential coolants: water Ice, dry Ice, ltquld carbon 
dlOxlde, and hquld nitrogen. Prehmmary evaluations were based on laboratory studies and were followed 
by a limited scaled-up test uSing dry Ice. 

Water Ice did not cool suffiCiently. LiqUid nitrogen and carbon dlOxlde required large quantities of 
material and produced a dense obscuring cloud hampermg cleanup operatlOns. 

Dry Ice was found to be the most versatile coolant; It IS easier to handle and readily avadable at a 
reasonable cost. A prototype Unit was developed conslstmg of a crusher and pneumatic conveyor to crush 
and distrIbute the dry Ice onto the spill. 

757 L (200 U.S. gal) of dlethyl ether pooled over an area 7.6 x 3 m (25 x 10 ft) was cooled to -60°C (-76°F) 
byapproxunately 204 kg (450 Ib) of dry Ice distributed at a rate of 13.6 kg/mm (30 lb/mm). The free spill 
vapour concentratlOn In the VICInity of the spdl was reduced by an order of magnitude. The pool 
temperature was still below -10°C (I4°F) two hours after dry Ice discharge was terminated. The day of 
testmg was clear With 32 km/h (20 mph) Winds and 21°C (70°F) ambient temperatures. 

A V AILABILlTY AND COMMERCIAL INFORMATION -

Feaslblhty study completed by: 

J.S. Greer, 5.5. Gross, R.H. Hdtz 
and M.J. McGoff 

MSA Research CorporatlOn 
Evans City, PA 16033 
U.S.A. 
Contract No. 68-03-2648 

for: John E. Brugger, Project Officer 
Municipal EnVironmental Research Laboratory 
Office of Research and Development 
U.S. EnVironmental Protection Agency 
Cmcmnatl, OH 45268 
U.S.A. 
Telephone (201) 321-6634 

;)THER DATA - The low solublhty of C02 In most materials IS conSidered to pose little mterference With 
ultimate disposal procedures such as contamment or mClneratlOn. 

Carbon diOXide gas can pose a hfe hazard (asphYXiation) to personnel due to the displacement of oxygen. 
Standby self-con tamed breathll1g apparatus IS recommended whde dlstrlbutmg the dry Ice. 

SubhmatlOn of dry Ice at the surface of the spill can exaggerate vapour release negatmg the coohng effect 
of the dry Ice. 

Reference: J.S. Greer et al., "ModificatIOn of Spill Factors Affectmg Air Pollution, Vol. I: An evaluatIOn of 
Coohng as a Vapour Mitigation Procedure for Spilled Volattle Chemicals", MSA Research 
Corporation, EPA Report 600/2-81-214 (September, 1981). 



2 REMOVAL 
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2 REMOVAL 

2.1 Removal from Land 

---- - - - --------- - - -- - - -- ------ - - - - - - - --- ---- - --- ----- ------ - --- ---------- -- ------
PRODUCT MOBILE SURF ACE CLEANER No. 31 

APPLICABILITY Gas LiqUid Solid 
Sol FI Sk Sol FI Sk 

* * * * * 

Note: Applicable to liquids or solids sorbed Into or mixed with soils. 

DESCRIPTION - A mobile system, consisting of a hydraulic surface cleaner, tractor and separatIOn trailer, 
developed for cleaning oil spills from beaches. 

WATER 

JET 

r-----l 
lOlL I 

] TAR I 

'TRASH I 
I I 
,SAND I 
L _____ ...J 

WATER 

1-1 __ --- SURFACE CLEANER ASSEMBLY-~ .. *I_I---TRACTOR-...... ~I .... _e---- TRAILER SECTlON-\ 

SCHEMATIC - MOBILE BEACH CLEANER 

TRACTOR 

SURFACE CLEANER ASSEMBLY 

TRASH 
COLLECTOR 

/ 

SECONDARY OIL 
SEPARATOR 

TOOL 
STORAGE 
:CABINET 

OPERA TING PRINCIPLE - A surface cleaner assembly, pushed by a small tractor, agl tates the soil surface 
with water Jets to form a slurry of contaminated soil which IS propelled to the Inlet of a special suctIOn 
pump. The slurry IS pumped to a trailer In the rear of the tractor where debns IS separated and collected 
In fleXible bags for disposal. Soil (sand) settles out In a separator and can be returned to the land. Ot! IS 

skimmed from the water and pumped to two storage tanks adjacent to the separatIOn tank. The water IS 

returned to the Jets of the surface cleaner. 



PHYSICAL SPECIFICATIONS - (Model 707): 

Surface Cleaner Assembly 

Steel outer frame mounted on eight sWivel tires. 
Width of cleanup area: 167 cm (66 In). 
Weight: 454 kg (1000 Ib) max. 
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Wash Assembly: Mounted inside outer frame and hydraultcally adjustable by operator. 
Twelve low velOCity water Jets, high velOCity water Jets and sump pump (Bnggs and 
Stratton motor). 

Tractor (OptIOnal. Other similar garden tractors can be used.) 
Kubuta, diesel engine, four-wheel drive. 
Control Panel mounted within convenient reach of operator. Controls pumps, separators and leveling. 

Trailer SectIOn 

2650 L (700 U.S. gal) ot! separator tank; translucent, corrOSIOn-resistant material. 
Tratler supported by four, low pressure tires and air springs to allow operator to level Itquld In separator 
tank. 

Overall DlmenSlOns (Total three sectlOns.) 

Length 
Width 
Height (max.) 

6.1 m (20 ft) 
2.1 m (7 ft) 
2.1 m (7 ft) 

Shipping Weight (Total three sectIOns.): 1360 kg (3000 Ib) 

Note: These values are tYPical of the Model 707. Comar but!ds the Mobile Surface Cleaner to SUit the 
customer's specifIcatIOns. Therefore, phYSical specifICations can vary. 

OPERATING SPECIFICATIONS - Operable by one person. 

Average Speed: 1.6 km/h (I mph) 
Oil Pickup Rate: ApprOXImately 190 L/mln (3000 U.S. GPH), depending on soil condItIOns). 
Sand PIckup: ApprOXimately 0.25 mm (0.010 In) 
Make-up water connection on sump pump. 

STATUS OF DEVELOPMENT AND USAGE - Four unIts have been sold to major U.S. ot! companies for 
approximately $95 000 U.S. (1984). Comar clallns the MobIle Surface Cleaner IS SUItable for operatIon over 
varlOUS surfaces including sand, cobbled sot!, grass, concrete and asphalt. 

PERFORMANCE - No evaluatIOn data available reflecting performance for Oil or hazardous material spills. 

AV AIL ABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Comar, Inc. (formerly Moorehead Engineering Co.) 
P.O. Box 832676 
Richardson, TX 75080 
U.S.A. 
Telephone (214) 238-7691 

OTHER DATA - ThiS systern could be adapted for corrosive or volattle hazardous materials through 
appropriate changes In the material of construction of the piPing, pumps, and tires; however, the effiCiency 
may be hmlted as the only separatIOn techniques employed are screening, sedimentatIOn and flotatIOn 
(skImming). Suggested modIficatIOns for separating soluble organics might Include carbon adsorptIOn, Ion 
eXChange, reverse osmosIs or solvent extractlOn(l)~ Inorganlcs (prlmanly metals) could be separated by 
conventIOnal wastewater treatment techniques such as preCIpitatIOn, chelation or flocculatIOn. (See also 
entry No. 80). 

(1) Refer to Entry No. 33, "EPA SOLVENT EXTRACTION SYSTEM" for further inSight Into soil cleanup 
technology. 
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PRODUCT ENVIROPAC PCB REMOVAL KIT No. 32 

APPLICABILITY Gas Liquid Solid 
501 FI Sk Sol FI Sk 

* 

ApplICable to PCBs. 

DESCRIPTION - A U.S. EPA-approved palletlzed steel container designed to store PCBs and equipped to 
provide qUick response capability for PCB spills or leaks. 

OPERATING PRINCIPLE - The kit can be readily transported to a spill site to provide four persons with 
protective clothing and equipment to vacuum and/or adsorb and store PCB wastes In four drums approved 
for this purpose. 

PHYSICAL SPECIFICATIONS -

Palletlzed steel container WI th cover: 
1.2 x 1.5 m (4 x 5 ft) 
Filled height of 89 to 101 cm (35 to 40 In) 

Two float-actuated, battery-powered alarms to warn of excessive free fluid levels within. 

(OptIOnal) four 55 U.S. gal drums: 
- 2 DOT-17E for liqUid PCBs 
- 2 DOT-17C for solid PCBs 



Full drum mdlcator. 
Bung tool. 
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110 Vac wet/dry vacuum system. 
Hand-operated pump with 12 ft of hose. 
Eight I\,4 kg (25 Ib) bags of high capacity sorbent. 
Dram stops. 
Mmeral SpJrlts and trIChloroethane for fmal cleanup. 
Rags, shovel, broom, brush and pan. 
Protective clothmg for four people. 
EPA-required PCB labels. 
InstructIOn book. 

OPERA TlNG SPECIFICATIONS - The palletlzed contamer meets all U.S. EPA requirements for a diked, 
covered, PCB warehouse, provided the stored material IS m proper drums and the Unit IS located above the 
100 year flood elevatIOn. 

Saraspac units can be stacked to a maximum of 3 high. 

STATUS OF DEVELOPMENT AND USAGE - Available as a commercial product. DocumentatIOn on spill 
usage not obtained. 

PERFORMANCE - All components are standard, off-the-shelf Items that should prove adequate for the 
removal of PCBs. User evaluatIOn data were not obtamed. 

A V AILABILITY AND COMMERCIAL INFORMATION -

EnVironmental Contamer Corporation 
P.O. Box 161 
Delafield, WI 53018 
U.S.A. 
Telephone (414) 646-2480 
Contact: J.A. Macdonald 

Cost of SARASPAC-E: $1750 U.S. (Oct., 1983) F.O.B. Waukesha, WI, U.S.A. 

OTHER DATA - Other Envlropac kits for the storage of PCBs mclude: 

Number of 55 U.S. gal Drums 

Envlropac 
Kit 

A 
B 
c(I) 
D 
F 
G 

CAPAC (2) 

Closed Top 
DOT-17E 

4 
3 
0 
0 
2 
I 

0 

Open Top 
DOT-J7C 

0 
I 
0 
4 
2 
3 

0 

Notes: (I) The Envlropac-C should be filled with four, proper, customer supplied, 55 U.S. gal drums of 
either open or closed top style. 

(2) The CAPAC, With 2.1 m 3 (75 ft 3) storage capaCity, IS a "no-drum" deSign for non-Ieakmg PCB 
articles and equipment (e.g., capaCitors). 

SEC Inc. can provide transport, storage, disposal and recycle of PCB wastes. 

References: Envlropac brochure No. 092381, "The PCB Full Service Company". 

Envlropac product Bulletm No. 042981, "Saraspac-E PCB Emergency EnVironmental ProtectIOn 
Kit". 
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PROTOTYPE SOLVENT EXTRACTION SYSTEM No. 33 

APPLICABILITY Gas Liquid SolId 
Sol FI Sk Sol FI Sk 

DESCRIPTION - A mobile, prototype field-use system designed to strip a wide variety of spilled chemicals 
from excavated soIls and sediments. The system IS comprised of a vibrating screen classifier, water 
knife/soil scrubber, soaking Unit, countercurrent chemical extractor, hydrocyclone separators/waste lIquid 
recyclers, and air cleaners. 

OPERATING PRINCIPLE - Contaminated soIl IS excavated and mechanically broken up. The spIlled chemical 
IS then stripped from a slurry of the soIl particles through the use of water plus additives. ThiS solvent IS 
further processed to recover the spilled chemical. The clean soIl may be returned to the excavatIOn site. 

PHYSICAL SPECIFICATIONS - (prototype) 

Overall DimensIOns: 9.8 x 2.4 x 2.4 m (32 x 8 x 8 ft) 
Empty Weight: 6340 kg (14 000 Ib) 
Rotating water-knife drum screen soIl scrubber: 6.4 x 1.4 m diameter (21 x 4 1/2 ft diameter) 
Initial Spray Zone: 1.2 m (4 ft) long reinforced screen 
Soaking SectIOn: 4.6 m (15ft) long 
RinSing Zone: 0.6 m (2 ft) long 
Countercurrent chemical extractIOn system: four-tank system with mixers and slurry pumps, unspecified. 
Rough screen feeder: 2.5 cm (I In) mesh. 

OPERATING SPECIFICATIONS -

Feed material size: < 2.5 cm (I In) 
Slurry particle size: <: 2 mm 
Nominal soIl processing capability: 2.3 to 3.8 m3/h (3 to 5 yd 3/h) 
Water knife pressure: 414 kPa (60 psI) 

Note: MaXimum sod processing capabdlty may reach 13.8 m 3/h (18 yd 3/h) for soIl containing large 
amounts of larger free-flOWing granular solids. A limiting factor IS the capaCIty of the EPA-ORO 
mobIle phYSIcal-chemIcal treatment system (see Entry No. 69) utIlIzed to treat washing flUIds for 
reuse. The floc-settle and sand-anthracite fIltration UnIt now limIts the processing rate to 2.3 to 3.8 
m 3/h (3 to 5 yd 3/h) for many soIls. 

STATUS OF DEVELOPMENT AND USAGE-

A full-scale, field-use prototype system has been constructed and tested with objects greater than 2.5 cm 
(J In) In size. It IS ready for fIeld demonstratIons and further evaluatIOn. SoIls rich In organIc matter can 
present problems In the extractIOn of certain hazardous substances. 

PERFORMANCE - Laboratory tests were conducted that determIned phenol could be effICiently removed 
from both organic and Inorganic sods. PCB and arsenIc were released less readIly Into the washing flUIds. 
Representatl ve test data are: 

Table 1 MaxlmlJm Column LoadIngs 

ContamInant 

Phenol 
ArsenIC trIOXide 
PCB 

* as arsenic (As). 

Organic Sod 
(mg/g soIl) 

453.2 
5.0* 

25.6 

InorganIc SoIl 
(mg/g soIl) 

48.3 
0.75* 
3.0 
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Table 2 Effect of Washmg on Large Particles + (2 to 12.7 mm) 

Test 
Time 
(mm) 

% Removal 

Sod 

InorganIC 15 
30 
60 

120 

Phenol 

97.9 
98.2 
98.8 
99.1 

28.9 
52.1 
42.2 
52.1 

Organic 15 60.7 47.7 
30 79.2 55.8 
60 86.0 54.0 

PCB 

21.4 
50.0 
21.4 
28.6 

___________ -'_ ~Q _________ ~ ~._6 __________ ~2 . .9 ____________ _ 

Table 3 Solvent Extraction: RepresentatIve Smgle-Washmg Tests* 

Contam-
mant SOIl** Solvent 

Phenol I Water 
0 Water 

NaOH (pH 11) 

AS203 Water 
H2S04 (pH 1) 

0 Water 
H2S04 (pH 1) 

PCB Water 
1 % Tween 80 

0 Water 
1% Tween 80 

Imtlal 
SoIl Dose 
(mg/g dry 
soIl) 

48 
452 

0.75 

5 

3 

26 

Supernatant 
% ConcentratIon 
Removal (mg/L) 

98.6 1 190 
77.8 17 600 
88.4 20000 

42.7 16 
85.3 32 
75.0 375 
85.0 425 

24.6 72 
37.5 110 
48.3 418 
23.8 366 -_._----- - --------- ---- -------

* Extractant to dry soltds 10:1 (w/w); ** 1= morganlc; 0"' Orgamc. 

AV AIL ABILITY AND COMMERCIAL INFORMATION -

Contractor: Sponsormg Agent: 

Residual SoIl 
ConcentratIon 
mg/g 

0.68 
100.4 
52.5 

0.43 
o. II 
1. 25 
0.75 

2.66 
1. 88 

13.2 
19.5 

Rexnord, Inc. 
EnVIronmental Research Center 
P.O. Box 2022 

OIl and Hazardous MaterIals SpIlls Branch 
MUniCipal EnVIronmental Research Laboratory-CI 
U.S. EPA 

MIlwaukee, WI 53201 Woodbridge Avenue 
U.S.A. Edison, NJ 08837 
Contact: Mr. R. Scholz U.S.A. 

Ms. K. HUIbregtse Telephone (20 I) 321-6634 
Contact: Dr. J.E. Brugger 

Mr. R. Traver 

OTHER DATA - Complete system reqUIres auxdlary eqUipment (e.g., EPA-ORD phYSical/chemical treatment 
trader) to process wastewater for recyclmg; confmmg and treatmg released gases and mists also 
sometimes reqUired. Prmclpal Ilmltmg constramt on soIls treatablhty IS high weIght-percent clay content. 
Most morganlc compounds, almost all water-soluble/readIlY OXIdIzable organICS, some partIally water­
rmsclble orgamcs can be treated WIth water or water-pius-additIve. SoIl scrubbmg speeds up release of 
chemIcals from SOlis; extent to WhIch the system has practIcal, cost-effectIve UtIlIty In a speCifIC spIll 
SItuatIon not yet determined; acceptable lImIts of reSIdual concentratIons In washed sod must be adopted 
by regulatory authorItIes. 

References: Project Summary, "MobIle System for Extracting SpIlled Hazardous MaterIals from Excavated 
SoIls" (December, 1983), EPA-600/S2-83-100. 

HUIbregste, K.R., Scholz, R.C., Kastman, K.H., Rexnord Inc. and SoIl Testing SerVIces Inc.: 
"Development of a MobIle System for Extractmg SpIlled Hazardous MaterIals from SoIl", Proc. 
1980 Nat. Cont. on Control of Hazardous MaterIals SpIlls, pp. 134-140 (1980). 
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CONCEPT SUBSURFACE SOIL SURFACTANT No. 34 

-- ----------- -----
APPLICABILITY Gas LIqUId SolId 

Sol FI Sk Sol FI Sk 

DESCRIPTION - A concept for the m-sltu treatment of soIls more than 0.6 m (2 ft) underground WhICh are 
contammated wIth slIghtly water-soluble and hydrophobIc organIcs, or heavy metals. 

CONTAMINATED 
SOIL ,-----, 

FEEDER 
ROUGH 

SCREEN 

OVERSIZE 
NON SOIL 

MATERIALS 
AND DEBRIS 

DRUM SCREEN 
WATER KNIFE 

SOIL SCRUBBER 

MAKEUP WATER 

+2 mm SCRUBBED SOIL 

CLEAN AIR 
DISCHARGE 

SKIMMINGS 
TO DISPERSAL 

COUNTER CURRENT 
-2 mm 

SOIL 
SLURRY 

CLEAN 
RINSE 

CHEMICAL 
EXTRACTOR 

SPENT 
WASHING 
FLUIDS 

-2 mm 

FINES TO 
DISPERSAL 

FILTER 
BACKWASH 

CLARIFIED 
WASHING FLUIDS 

SPENT CARBON 

DRYING 
BED 

OPERATING PRINCIPLE - Water and surfactant are mJected mto the soIl, and the leachate recovered 
through a draw-down well or mterceptor trench, submerSIble pump, or "French drams" located down 
gradIent from the zone of contammatIOn. The leachate IS treated above ground usmg carbon adsorptIon or 
other chemIcal and/or physIcal treatment methods. 

PHYSICAL SPECIFICATIONS - None obtamed. 

OPERATING SPECIFICATIONS - None obtamed. 

STATUS OF DEVELOPMENT AND USAGE - Concept under study. 

PERFORMANCE - The results of a lab-scale study by JRB AssoCIates showed that a 4% aqueous SolutIon of 
nOn-IOniC surfactants (2% Hyonlc NP90 (DIamond Shamrock), 2% Adsee 799 (WItCO ChemIcal) was 
effectIve m removmg hIgh-boIling pOint Murban crude oIl dIstIllates. PCBs (transformer oIl), and 
chlorophenol mIxtures when percolated by graVIty through a column of contammated sOlI. 

A Texas Research Institute (1982) study on surfactant-enhanced gasoline recovery from a large-scale model 
aquIfer showed the percentage of gasoline removed Increased from 6 to 83% when comparing a single 
surfactant applIcatIOn percolated down through the sand bed to daIly applIcatIOn Into the water table. 



Murban Dlstdlates: 
Water Wash Only 
Surfactant Wash 

PCBs: 
Water Wash Only 
Surfactant Wash 

Chlorophenols: 

% ContamInant 
RemaInIng In the SOil 

85 to 100 
6 to 9 

88 to 97 
2 to 9 

80 

% ContamInant 
In Flushed Leachate 

< 0.002 
74 to 86 

0.01 to .004 
60 to 68 

Water Wash Only 0.6 to 2 64 to 70 
~t!rJ~~.!~r:'U~~~~ ___ _ Q.} ___________________ ~O __ ___ _ 

AV AIL ABILITY AND COMMERCIAL INFORMA nON -

Research by: 

JRB Associates 
8400 Westpark Drive 
McLean, VA 22102 
U.S.A. 
Contact: W.O. Ellis 

J.R. Payne 

Prepared by: 

Od and Hazardous Materials Spdl Branch 
U.S. Environmental ProtectIOn Agency 
Municipal Environmental Research Laboratory 
Woodbridge Avenue 
Edison, NJ 08837 
U.S.A. 
Contact: Anthony N. Tafurl, Technical Project Manager 

EPA Contract No.: 68-01-3113, Task No. 29 

OTHER DATA - Further testIng (J 984) of surfactant washing USIng a larger-scale 42.5 m 3 (1500 ft3) Chemical 
Additive Treatrnent (CAT) tank (42 m 3 (J 483 ft3) capacity) IS planned for the EPA OHMSETT faclhty In 

Edison, NJ. The tests wlll focus on the quantity and type of surfactant used, and Total Organic Content 
(TOC), particle distributIOn, compactIOn, permeablllty, and mOisture content of the solis used. 

Reference: W.O. Ellis and J.R. Payne, JRB AssoCIates, "Chemical Countermeasures for In-Situ Treatment of 
Hazardous Material Releases," Draft Final Report, Prepared for the 011 and Hazardous Materials 
Spllis Branch, U.S. EPA, MUnicipal Environmental Research Laboratory, Edison, NJ (August 12, 
1983). 
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------------------- --- -------------
PRODUCT TRIfEK TRANSPORTATiON EMERGENCY KIT No. 35 

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol FI Sk 

.. 
DESCRIPTION - Three self-con tamed cleanup kits designed for truck, tram, or dock-related spills or leaks of 

hazardous liquids or soltds. 

OPERATING PRINCIPLE - Overpack drums are supplied WIth sorbents, personal safety eqUIpment, hazard 
warnmg labels, and collectIOn pads for Immediate cleanup of small spIlls. 

PHYSICAL SPECIFICATIONS - KItS mclude: 

---- -------------------------------
TRITEK I 

------------------------
Overpack Drums 
322 L (85 U.S. gal) 
w/gasket, ring and 
16 mm (5/8") bolt 

Spec. 37 A Palls 
19 L (5 U.S. gaO 

Hazorb Absorbent Pillows 
43 x 66 x 5 cm (I7 x 26 x 2 m) 

No.2 VermIculIte 8.6 kg (J 9 Ib) 

Haz-mat Labels 

2 

8 

24 

TRITEK III TRITEK V 

3 5 

3 5 

24 24 

3 5 

72 120 
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TRITEK I TRITEK III TRITEK V 

Drum Lmers 3 3 5 
4 mll Polyethylene Bag 

3 Piece Safety SUits 2 2 2 
Polyvmyl 

Safety Goggles 2 2 2 

Rubber Gloves (pair) 2 4 4 

Half-face Respirators 2 2 2 
3M brand for gas/vapour 

Dust Masks (NOT FOR USE 2 4 4 
WITH TOXIC MATERIALS) 

Safety Flashltght 
MESA & U.S. Coast Guard 
approved (w /batterles) 
----------------------------

OPERATING SPECIFICATIONS - The kits are primarily designed for the recovery of small volumes of spilled 
liquids amenable to absorptIOn by vermlcultte and Hazorb (see sectIOn 2.4). No other means IS provided to 
unplement collectIOn. 

STATUS OF DEVELOPMENT AND USAGE - Commercial product conslstmg of off-the-shelf Items assembled 
to comprise a cleanup kit. 

PERFORMANCE - Documentation of use on spills of hazardous materials not obtamed. 

AVAILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Triangle Resource Industries 
14201 Laurel Park Drive 
P.O. Box 370 
Laurel, MD 20707 
U.S.A. 
Telephone (301) 953-9583 or 

(301) 792-7507 or toll free 
1-300-633-4440 

Contact: Mr. Paul Watson 

Cost ($U.S., 1983): 

Trltek I $249 
Tri tek III $ 560 
Trltek V $825 

GSX Services Inc. 
3527 Wadley Bottom Road 
Laurel, MD 20707 
Telephone: (301) 953-9583 
Contact: Ruth Elwell 

OTHER DATA - Triangle Resource Industries IS a service company providing emergency splll cleanup and 
recovery, laboratory support, and hazardous materials program management. 
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2.2 Skimming from Water 

--- -. - - - --- - --- - - - ~ ---- -- -- ---- - - - - ---- -- -- - ------- ----~--- ------~ ----------
PRODUCT MECHANICAL SKIMMERS - GENERAL LISTING No. 36 

- ----~------------------~ -----------~- - ---~------- -----------------------

APPLICABILITY Gas LiqUid Solid 
Sol FI Sk Sol FI Sk 

* * 

DESCRIPTION - A mechanical device designed for deployment In water to effect the recovery of floating 
contarmnants. 

OPERATING PRINCIPLE - Skimmers can be arbitrarily categorized Into four main groups, according to their 
collectIOn mechamsms, as follows: 

1) Weir on SectIOn Devices: 

The material being recovered overflows a lip Into a reservOir or IS suctlOned through openings (In a 
skimming head) positIOned at the air/water Interface. An onboard or remotely-operated pump causes 
an Inward movement of the flUid. Several models of weir skimmers Incorporate a hydroadJustable 
collectIOn component so that, for example, a hinged flap, flexible bellows or self-levelling element 
results In a more preCise removal of the layer of floating material. 

2) Oleoph!llC Surface Skimmers: 

The recovery fnechanlsm consists of an oli-attractlng material that IS made to rotate so that the 
contammant adheres to or IS adsorbed on It. The entrapped contammant IS subsequently removed by 
scrapers or wringers and deposited lf1 a reservoir. The collectIOn component can be diSCS, vaf1es-and­
diSCS, belt(s), rope mop(s), or drum(s) fabricated from polymers, metals and/or natural materials. 

(3) HydrodynamiC PrinCiples: 

A variety of concepts are employed by some skImming deVices to either redIrect or submerge and 
concentrate a floating layer of material so that It flows Into a central collectIOn area from which It 
can be removed or transferred to storage. The different hydrodynamiC prlf1clples ut!llzed Include a 
vortex chamber, rotating sorbent or non-sorbent belt, and rotating/submerging vane. 

4) Boom/Skimmer CombinatIOns: 

Containment and removal operations are combmed In a smgle system. Thus a boom Incorporatmg 
collectIOn weIrs, or presenting a Simple concentrating/deflectIOn surface to Incommg contarTiinant, 
dIrects the material to a pumping system through which It can be conveyed to storage. 

Note: Mechal11cal skimmers are usually used together With contamment barriers (see SectIOn 1.3) so that 
the material being collected IS first concentrated. Also, vacuum trucks and aIr conveyors, although 
sometimes employed for the removal of floating substances, are examined separately In SectIOn 
2.3. See Large SuctIOn DeVices - General Llstmg. Smaller vacuum Units are also Included m 
SectIOn 2.3 as a separate entry (see Small SuctIOn Systems -General listing). 

PHYSICAL SPECIFICATIONS - Data for all categories of skimmers are contained In: Solsberg, L.B., A 
Catalogue of Oil Skimmers, EnVironment Canada, Ottawa, Ontario Report EPS 3-EP-83-1, (SeptembeG 
1983). 
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OLEOPHILIC SURFACE DEVICES 
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While the report deals with skimmers designed for the recovery of 011, these also may have appllCatlOn In 

some cases to hazardous matenals spills. The EnVironment Canada manual descnbes sklmmmg systems 
organtzed accordmg to an alphabetical mdex of manufacturers/developers reproduced here. There IS not a 
categonzatlOn of machmes based on sklmmmg prmclples. Note that names of compantes that are 
capitalized m the mdex appear m the catalogue m a more detatled, comprehensive format as opposed to 
abbreviated entnes which are listed m upper and lower case letters. The catalogue also contams a second 
reference mdex which presents the model deSignations and/or names of deVices m alphabetiCal order but 
which has been excluded from thiS publicatIOn: 

ACME PRODUCTS CO. 

AERODYNE DEVELOPMENT CORP. 

AGAR CORPORA TION 

AJmomoto Co. Inc. 

Alexander Cardew Limited 

Allied Farm EqUipment 

Allwetler AG 

Alsthom Atlantic Co. 

ALSTHOM ATLANTIQUE 

Amencan 011 Co. 

Annand Steel 

ANTI-POLLUTION, INC. 

AtlantiC Research Manne Systems 

B. Cellml 

C. LUHRING SCHIFFSWERFT GmbH & 

CO. KG 

CO. BA. DI. 

Coleman EnVironmental & PollutIOn 

Control EqUipment Co., Inc. 

Contamment Systems Corp. 

Control and Metering 

Core Laboratories 

Cosmos Dredgmg v.o.f. 

COSTRUZIONE BATELLI 

DISINQUINANTI S.p.A. 

Crisafulli Pump Co., Inc. 

De Smlthske A/S 

DOUGLAS ENGINEERING 

DynalntCS Corp. of America 

Elmbcke Ollsklmmer GmbH 

ENTRE PRISE SANITAIRE ET DE 

CANALISATION 

ENVIRONMENT PROTECTION 

MACHINES LTD. 

Esso Research Centre (UK) 

Euro-Matlc Ltd. 

Far East Levmgston Shlpbuildmg Ltd. 

Bennex Manne Products and Services 

Biggs Wall Fabncators Ltd. 

BLACK SEA CENTRAL PLANNING AND 

DESIGNING BUREAU 

BODAN-WERFT Motoren- und Schlffbau 

GmbH 

Boss Industry 

Bntlsh Petroleum Company Limited 

CANADIAN COAST GUARD 

CENTRIFUGAL SYSTEMS, INC. 

CENTRI-SPRA Y CORPORA TION 

C. Hoyer 

Clean Atlantic ASSOCiates 

CLEAR SEAS ATLANTIC LTD. 

Harmstorf Limited 

Harner Manne Limited 

Houlder Offshore Ltd. 

Hyde Products, Inc. 

HYDROVACSYSTEMS(HOLLAND)BV 

I.H.C. Holland 

INDUSTRIAL AND MUNICIPAL 

ENGINEERING 

Industnal PlastiCS Canada Ltd. 

INDUSTRIE MECCA NICHE ING.A. 

SCARDELLA TO 

Intermar Corp. S.A. 

JBF SCIENTIFIC CORPORATION 

John Koblanskl 

Kaldnes Mekantske Verksted A/S 

Kepner PlastiCS Fabricators Inc. 

Knstlansand Mechantske Verskted 

Krupp Handel GmbH 

Krupp Reederel und Brennstoffhandel 

Lmdo Shipyard 

Lisep Ltd. 

LOCKHEED MIS~ILES & SPACE 

COMPANY INC. 



FRISKEREDSKAP A/S 

FRAMNAES MEK. VAERKSTED 

Frank Ayles & Associates Ltd. 

FRANK MOHN FUSA A/S 

Fnmokar Anstaly 

GLOBAL OIL RECOVERY SYSTEMS, INC. 

Gotaverken 

Gota ver ken-F Innboda 

GUSTAF TERLING AB 

Gustav Trellenberg K.G. 

Haltburton ServIces 

Hardmg PollutIOn Control 

METROPOLIT AN PETROLEUM 

PETROCHEMICALS CO., INC. 

M.G. JOHNSON - DEVELOPER 

Mltsublshl Heavy Industries Ltd. 

Monshlta Chemical Industry Co. Ltd. 

MORRIS INDUSTRIES LTD. 

Mount Royal Martne Repairs Ltd. 

.V'SE Engmeermg Systems Ltd. 

Nagasaki ShIpyard & Engine Works 

NapIer ReId Ltd. 

NEBB A/S 

Netherlands State Waterways Board 

Newfound TrainIng Ltd. 

NorwegIan Institute for ContInental Shelf 

Research 

NOUVELLES APPLICATIONS 

TECHNOLOGIQUES 

NYLANDS VERKSTED 

OCEAN DESIGN ENGINEERING CORP. 

Ocean Ecology Ltd. 

Oceaneermg InternatIOnal, Inc. 

OCEAN SYSTEMS, INC. 

OFFSHORE DEVICES, INC. 

Oil Gulp 

OIL MOP, INC. 

OIL MOP POLLUTION CONTROL LTD. 

OIL RECOVERY INTERNATIONAL 

OIL RECOVER Y S YS TEMS, INC. 

OIL SKIMMERS INCORPORATED 

Od Sweeper CorporatIOn of Canada Ltd. 

O.M.I. Llrmted 
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Lowe Engll1eermg Company 

L.P.I. CORPORATION 

MACMILLAN-BLOEDEL LTD. 

MANNESMANN ITALIANA SPA 

MARCO POLLUTION CONTROL 

Marine EquIpment Ltd. 

Manne Pollution Control CorporatIon 

MARTIN F. OLSEN - DEVELOPER 

Martin MarIetta CorporatIOn 

MA TTSSON PRODUCKTER AB 

McNamara CorporatIOn LImIted 

MEGATOR CORP. 

Peabody Welles Inc. 

PEMBINA EQUIPMENT DESIGN CO. LTD. 

PETRO-FIBER, OLJESANERING, AB 

PhIlip C. Speer and Associates, Inc. 

PRICE-DARNALL OF ALABAMA INC. 

Promaco A/S 

Ragnar Blesvlk 

Raumfahrttechnlk GmbH 

R.B.H. CYBERNETICS (1970) LTD. 

R.E. Wnght Associates, Inc. 

REYNOLDS SUBMARINE SERVICES 

CORP. 

Lt. Cdr. R.G. Teasdale 

RHEINWERFT GmbH & CO. 

RIJkswaterstaat 

RNG Equipment Ltd. 

Romsdals Flskevegnfabrlkk A/S 

Rotork Manne Ltd. 

SI\MSEL ROPE & MARINE SUPPLY 

SANDVIK CONVEYOR CANADA LTD. 

~APIENS 

SCAN COMB LTD. 

Scandll1avla Mart time A/S 

'SCANDINAVIAN OIL SERVICE 

S.C.O. PELICAN S.A. 

SEA CLEAN O.R.E. LTD. 

Sea Sweep, Inc. 

Seaward InternatIonal, Inc. 

SEAWARD INTERNATIONAL INC. 

SEP-EGMO 

SHELL DEVELOPMENT COMPANY 



PARKER S YS TEMS INC. 

Parley Augustsson Shipping Group 

Peabody Galion CorporatiOn 

Peabody Meyers Corporation 

SLiCKBAR, INC. 

Slickbar 

Spearln, Preston & Burrows, Inc. 

Splltrol 

Star Offshore Services Ltd. 

SUNSHINE CHEMICAL CORPORATION 

SUPER PRODUCTS 

SURFACE SEPARATOR SYSTEMS, INC. 

Susquehanna CorporatiOn 

Tampa Drydock Company 

Tetradyne CorporatIOn 

THUNE EUREKA A/S 

TRACOR MARINE 

Trygne Thune A/S 

Tulagl Inc. 
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Shell Oil Company 

Skim Inc. 

Sklmovex B. V. 

Skuteng A/S 

Ultrasystems, Incorporated 

United States Coast Guard 

UNOCO 

VAC-U-MAX 

VERSA TECH PRODUCTS INCORPORATED 

VIKOMA INTERNATIONAL, LTD. 

Warren Spring Laboratory 

WATERMASTER PUMPS & POLLUTION 

EQUIPMENT 

Water PollutIOn Controls, Inc. 

Welles CorporatIOn 

WELLES PRODUCTS CORPORA T/ON 

Worthington Corporation 

W.R. BISHOP & ASSOCIATES 

Wylie Oil Spill Recovery System 

Skimmers are commerCially available In a wide variety of Sizes, designs and materials. They vary from 
small, portable Units that can be easily carried to large, self-propelled vessels designed for offshore use. 
Most commonly, constructIOn IS of fiberglass, aluminum, steel or plastic with these materials or an 
oleophillc surface such as a polymeric made to contact the floating contaminant. 

OPERATING SPECIFICATIONS - Skimmers are sold that are Intended for use In ditches, ponds, lakes, rivers, 
harbours, coastal waters and offshore. Insofar as spills of hazardous materials are concerned, It IS likely 
that light, portable systems have more potential applicatIOn. These would be utilized In smaller water 
courses although their use may be limited If a boom cannot be Initially deployed In time to deflect, contain 
and/or concentrate the released substance. Generally, optimum operatIOn should be expected In qUiescent, 
non-flOWing water, at temperatures above freeZing, and In free-flOWing spilled materials concentrated to a 
thICkness of I cm or more prIOr to collectIOn. Except for direct ImmerSIOn of a skimmer In a pool of highly 
concentrated chemical, It IS probable that materials compatibility will not be a factor In the ultimate 
failure of the skimmer. Limited contact time and dilutIOn of the spIlled substance should reduce the 
likelihood of such damage. A case-by-case Judgment, however, In this regard IS recommended particularly 
concerning the skimmer's collectIOn and transfer components. Attempts to skim In higher wind conditIOns 
I.e., 10.3 m/s (20 knots) and waves about 0.6 m (2 ft) - have a low potential of success. 

STATUS OF DEVELOPMENT AND USAGE - Mechanical skimmers are commerCially available and utilized 
world-wide particularly on oil spills. Documented use on hazardous materials IS generally restricted to 
tank or laboratory testing of a limited number of deVices In several substances rather than being based on 
actual spill experience. 

PERFORMANCE - Summaries of optimum performance data for skimmers are presented In the follOWing: 

I) Solsberg, L.B., A Catalogue of Oil Skimmers, EnVironment Canada, Ottawa, Ontario Report EPS 3-EP-
83-1 (Septem ber, 1983). 

2) S.L. Ross EnVironmental Research Limited, The EffICiency of Mechanical Oil Skimmers, EnVironment 
Canada, Ottawa, OntariO (December, 1983) (unpublished). 

Although both reports address oil skimming only, performance figures should be Similar for many floating 
substances. The "Catalogue" briefly indicates optimum recovery rates and applications for specifiC 
skimmers while the "EffICiency" study more generally relates recovery effectiveness to sea state and 
vIscosity. Performance trends from the second EnVironment Canada document are reproduced In this 
entry. 
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Because performance data even within one generic classificatIOn of skimmer vary widely, each device 
should be considered individually In order to preCisely estimate recovery capability rather than predict this 
uSing the generalized curves. 

Other overall trends Include the following: 

1) For weir devices, those that are self-levelling units and/or have high capacity pumps usually prOVide the 
highest capacity. Recovery rate should Increase In increasing thickness of chemical In calm water but 
decrease abruptly In higher Wind and wave conditIOns. 

2) Oleophdlc surface skimmers vary Widely In performance potential. If appropriate to the chemical at 
hand, high recovery rates With little water can be achieved In low sea state condl tlOns. 

3) Machines operating on hydrodynamiC prinCiples and boom/skimmer combinatIOns are not likely to have 
as much application to hazardous materials spills because of their large relative Size, more complex 
deployment procedures and vessel requirements. The exceptIOn would be smaller, self-contained 
packages available as fast-launching Units that could be qUickly applied to spills. 

4) Expect best performance In contained, low and medium VISCOSity floating chemicals, In calm, qUiescent 
water, uSing skimmers incorporating a collectIOn mechanism and transfer system not affected by the 
released substance during the antICipated period of usage. 

AVAILABILITY AND COMMERCIAL INFORMATION - Consult EnVironment Canada's "A Catalogue of 011 
Skimmers". (See under Performance thiS entry.) 

OTHER OAT A - Refer also to: 

Smith, G.F. and H.W. Lichte, "Summary of U.S. Envlronrnental ProtectIOn Agency's OHMSETT Testing 
1974-1979", U.S. EnVironmental ProtectIOn Agency, CinCinnati, OH, EPA-600/9-81-007 (January, 1981). 

PERFORMANCE TRENDS - MECHANICAL SKIMMERS 
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- - - - - - - - - - - - - - - - - - - - -- - - - - - - - ---- -- --- -- - - - - ------ - --- -- --------- - -----
PRODUCT PETROPURGE GROUNDW A TER DECONT AMINA TION S YS TEM No. 37 

---- --- - -- - --- ----- --- -- --- - - - - - -- ----- - --- - - -- -~--- - - -- --- -- - -- - ---- - -- --- ---------

APPLICABILITY Gas LIqUId 
Sol Fl 

* 

SolId 
Sk Sol Fl Sk 

DESCRIPTION - The Petropurge IS a two-cornponent systeiTI whIch automatIcally removes gasolIne, fuel od, 
and other lIquId hydrocarbons from polluted soli and groundwater wells. It consIsts of two sets of pumps 
and sensll1g probes. 
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OPERATING PRINCIPLE - The Hydropurge Pump IS water-specifIc and IS controlled by a probe to keep the 
.vater surface below the static water table. ThIS forms a "cone of depreSSIOn" whIch causes the spIlled 
substance to mIgrate through the surroundIng soli and Into the well. The Petropurge Pump Inlet IS 
pOSItIOned at the chemIcal-water Interface, where the probe actIvates the pump when the chemIcal layer 
to be removed reaches a predetermined thickness. 

PHYSICAL SPECIFICATIONS -

Petropurge Pump: 

Pump -
Motor -

Control Panel -

SubmersIble centrifugal capable of transferring heads up to 30.5 m (100 ft). 
ExplosLOn-proof, 230 volt, single-phase, 60 cycle, U.L. lIsted thermally protected. 
AvaIlable In 248, 560 and 1119 W (1/3, 3/4, and 1.5 hp). 
SupplIed wIth explOSIOn-proof plug and receptacle, ltghtnmg protector, and sensmg 
probe. 
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Hydropurge Groundwater Drawndown Unit: 

Pump - Submersible centrifugal, stainless steel constructIOn. 
Control Panel - ExplOSion-proof design With sensing probe. 115 V, Single-phase, 60 cycle. 

OPERATING SPECIFICATIONS -

Hydropurge Pump - Standard 373 W 0/2 hpj capable of up to 106 L (2& U.S. gal) per minute at 15.2 m (50 
tt). Larger capacities and discharge heads are available. 

It IS recommended that a trained geologist or hydrologist be contacted to properly locate and construct a 
recovery well. 

STATUS OF DEVELOPMENT AND USAGE - Commercially available product conceived for groundwater 
contammatlOn problems. DocumentatIOn of usage on hazardous matenals spills was not obtained. 

PERFORMANCE - Recovery of Oll from wells at cherrncal tank farms has been reported by manufacturer. 

AV AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Nepcco 
EqUipment DIVISIOn 
7 Edgewater Place 
Norwalk, CT 06855 
U.S.A. 
Telephone (203) 853-1990 or 
Sales OffICe: (617) 329-6898 

Canadian Distributor: 

Sal11van Inc. 
1705 3e Avenue 
P.A.T. Montreal, Quebec 
HIB 5M9 
Telephone (514) 353-9170 
Telex: 05-829559 
Contact: Mr. Pierre Richard 

OTHER DATA - Nepcco can supply equipment meeting the requirements of SituatIOns where pump head 
and/or flow exceed the capability of standard equipment. 

Reference: Manufacturer's Brochures: "The Petropurge System: How It Works" and "Petropurge Systems". 
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---- -------- - -- - -------- - ---- --- ------ ------ - - - --------- - -----
PRODUCT SCAVENGER PORTABLE SEPARATOR No. 38 

APPLICABILITY Gas LIquId Soltd 
Sol Fl Sk Sol Fl Sk 

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

DESCRIPTION - A system for separating and recovering floating hydrocarbons from water both above and 
below ground level. The components Include a floating separator (FIlter-Scavenger), a separator for 
confined spaces (Probe-Scavenger), and a submersIble water pump (Water Table DepressIOn Probe-Pump). 

Water Table Depression Oil/Water Separation 
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OPERATING PRINCIPLE -

Fllter-Scavenger: The ftlter cartrtdge mounted In thIs floating collectIOn untt rejects water but allows oll 
and certain hydrocarbons to pass to an Inner collectIOn area. The recovered product IS automatIcally 
pumped to a recovery tank. 

Probe-Scavenger: A probe dIfferentIates between hydrocarbons and water, preventing the Untt's submers­
Ible pump from pumping water Into the recovered product tank. 

Water Table DepresslOn Probe-Pump: ThIs submersIble pump creates a "cone of depressIOn" In a recovery 
well when removing clean groundwater. ThIs depreSSIOn causes hazardous matertals to flow from the 
surrounding area toward the Ftlter-Scavenger or Probe-Scavenger (see FIgure). A probe attachment shuts 
the pump off when hazardous materIals approach the pump's Intake. 

PHYSICAL SPECIFICATIONS -

Filter -Sea venger: 

Floating Separator/CollectIOn Un! t: 

DIameter -
HeIght -
Draft -
Weight -

44.4 cm (17.5 In) 
24.1 cm (9.5 In) 
12.7 cm (5 In) 
5 kg (II Ib) 
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Anodized alum mum; ftlter cartndges made of PVC or epoxy (optIOnal metal and Vlton or teflon seals for 
more corrosive solvents). 

Hoses - 4.6 m (15 it) mput, 6.1 m (20 ft) output; 19 mm (3/4 m) diameter; gasolme-reslstant. 

Hose Flttmgs - "Kamloc" qUick-disconnect. 

Motor Control and Pump Assembly: 

Motor - 1/4 hp explosion-proof, with 
a) 115 Vac, 50/60 Hz, 4.2 A, 1460/1725 rpm, or 
b) 200/230 Vac, 50/60 Hz, 2.1 A, 1460/1725 rpm, or 
c) 12 VDC, 14 A, 1750 rpm 

DimenSIOns - 45.7 x 45.7 x 17.8 cm m height (18 x 18 x 7 m) 

Case: Fiberglass, weatherproof, deSigned to store all components of the system 61 x 61 x 61 cm 
(24 x 24 x 24 m) 

Total Umt Weight: 50 kg (l10 Ib) 

Probe-Scavenger: 

Overall System -

Probe -

Pump Control 
Assembly -

Pump -

Hose- 32m (l05ft) 
Power Cord - 31 m (l00 ft) 
Total Weight - 68 kg (150 Ib) 

Diameter - < 51 mm (2 m) 
Length: 305 mm (12 m) 
CorrosIOn and gasolme resistant 
Float and conductlvlty loglc sensors 
Splash and spark proof 

Mounted on anodized alum mum board 
Board: 406 x 356 mm (J 6 x 14 m) 
2 m SO cable 
NEMA 15 explosIOn proof plug 
4-posltlOn selector sWitch - Hand-Off-Auto-Probe 

Multistage, Celcon Impellers and diffusers 
Motor - 1/3 hp, 230 V, smgle-phase, permanent split capacitor 

Thermal overload 
ExplOSIOn-proof 

Submersible 

Water Table Depression Probe-Pump: 

Pump - Prosser 3/4 hp 110 V, smgle-phase With 15 m (49 it) of 50 mm (2 m) gasoline 
resistant hose. 

ConductlVlty Probe - 50 mm (2 m) diameter, 300 mm (11.8 m) long, lowered by probe wire 
24 V; AC to prevent electrolysIs; current < 1 rnA 
CorrosIOn and gasolme-reslstant, spark-proof. 

Probe weight - 0.9 kg (2 Ib) 
Electromc control weight - 3.6 kg (8 Ib) 
Pump, hose, power cord weight - 28.5 kg (63 Ib) 

OPERATING SPECIFICATIONS - General CHEMICAL COMPATIBILITIES With the Filter-Scavenger and 
Probe-Sca venger: 
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Substances recovered by these systems should have the followmg properties: 

Immiscible with water and non-polar solvents; 
specIfic gravity less than 1.0 and kmematlc vIscosity less than 45 m2/s; 
a contact angle with membrane coatmg of less than 90°, and 
compatible with cartridge seals and the skimmer; a skimmer made of metal and seals of Vlton or Teflon 
wIll be available for certam liquids. 

The above cntena rule out salts, short-cham alcohols, carbon dlsulflde, chloroform, carbon tetrachloride 
and other dense solvents. The Vlton/teflon system IS necessary for aromatics and certam ethers. 

The followmg chemicals are compatible with the normal Scavenger systems: 

Alkanes: e.g., pentanes, hexanes, heptanes, etc. 
Alkenes: e.g., 2-pentene, 3,4-dlmethyl-2-hexene, etc. 
CyclIC hydrocarbons: e.g., cyclohexane, methylcyclohexane, etc. 
Alcohols with 4 or more carbons, e.g., n-butyl alcohol, hexanol, octanol, etc. 
Esters with 5 or more carbons, e.g., pentyl acetate 
Mixtures of the above: fuel oIls, gasolme, kerosene, mmeral spmts, naphthas, etc. 
Mono-alkyl halides e.g., ethyl chloride, allyl chloride, etc. 

The followmg chemicals are compatible with the metal Scavenger havmg Vlton seals: 
Aromatics: benzene, xylene, toluene, styrene monomer 
Certam ethers and ammes 

The followmg chemicals are compatible with specially modified Probe Scavengers: 
Ketones, short-cham ammes, phenols, most polyhalogenated compounds. 

In detail: 

F 11 ter -Sca venger: 

Maximum recovery rate: 0.3 LIs (5 U.S. GPM). 
Recovered product clallned to be virtually 100% water free. 
Filters and recovers the waste until the surface shck "lenses". 
Deployed m any area that IS 61 cm (24 m) In diameter or larger. 

Probe-Scavenger: 

Head m (£t) 
4.6 (15) 
9.1 (30) 

13.7 (45) 
18.3(60) 
21.3 (70) 
24.4 (SO) 

Pumping Rate: 

Rate LIs (U.S. GPM) 
2.4 (3S) 
2.1 (33.3) 
2.0 (31.7) 
I. 5 (23.8) 
1.0 (15.8) 
0.5 ( 7.9) 

Recovered product claimed to be virtually 100% water free. 
Deployed m any area 20.3 cm (8 m) m diameter or larger; optional small diameter models avaIlable. 
Operates at depths up to 26 m (85 ft). 
Can be used with a battery as an mterface detector. 

Water Table DepressIOn Probe-Pump: 

Pump Rates: 

Head m (ft) 
o (0) 
3 (10) 
6.1 (20) 
9.1 (30) 

11.3(37) 

Rate L/s (U.S. GPM) 
5.4 (85) 
4.S (77) 
3.5 (55) 
1.6 (25) 
shut off 
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Above rates for standard 3/4 hp pump. Larger horsepower pumps also available. 

Deployed up to depths of 55 m (l SO ft). 
Probe can be preset to maintain the well level below the level of the surrounding water table. 

STATUS OF DEVELOPMENT AND USAGE - ComrnerClally avaIlable. In general use for spIll response. 

PERFORMANCE - Test data for applIcatlOf1 to hazardous matertals are not avat!able. Recovery rates of 0.4 
to 0.5 L/mln were recorded at 12°C In crude ot! tests conducted on an earlIer model of the Scavenger In 

October 1976 at Quebec CIty, Canada. Ot! content was 100% In the collected lIqUId. 

AVAILABILITY AND COMMERCIAL INFORMATION - Patents pending. 

'vIanufacturer: 

ot! Recovery Systems, Inc. 
1420 PrOVIdence HIghway 
SUite 128 
Norwood, MA 02062 
U.S.A. 
Telephone (617) 769-7600 

CanadIan Dlstrtbutor 

RNG Equipment 
32 Stoffel Drtve 
Rexdale, Ontarto 
M9W IA8 
Telephone (416) 249-7383 
Contact: Mr. Gord Duncan 

OTHER DATA - The Filter-Bucket IS a manual, passIve system USing the same fIlter cartrtdge technology as 
the FIlter-Scavenger and has the same separatIOn capabt!ltles. It can be deployed In any area that IS 25 cm 
(10 m) In dIameter or larger. When ItS approxImately 2 L capacIty IS full, a Untt alarm indIcates that It 
should be manually e;nptled. 

Ground Technology, Inc. IS a wholly-owned subSidiary of Ot! Recovery Systems, Inc. offering hydrogeologI­
cal services and cleanup optIOns. 

Groundwater Technology, Inc. 
Rts. 1 & 100 
ChaddsFord,PA 19317 
U.S.A. 
Telephone (215) 388-1466 
Telex: 92-8420 

References: Manufacturers' LIterature; Abdelnour, R. et al., FIeld Evaluation of EIght Small StatIOnary 
SkImmers, EnVIronment Canada, Ottawa, Ontarto, EPS 4-EC-78-5 (May, 1978). 
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2.3 Vacuum Systems 

----------------
PRODUCT SMALL SUCTION SYSTEMS - GENERAL LISTING 

See also the follOWIng separate entries this sectIOn: 
Hako Minuteman Vacuum Systems 
Harrier HI-Vac Vacuum Umts 
NFE HI-Vac Vacuum Cleaners/Conveyors 
Nllfisk Mercury Vacuum Cleaner 
Spdlvac Vacuum Unit 

APPLICABILITY Gas LIquid 
Sol Fl 

* * 

Solid 
Sk Sol Fl Sk 

* * * * 

No. 39 

DESCRIPTION - Compact vacuum systems that are wheeled, portable or mobile designed for the recovery of 
liqUid, solid or liquid/solid materials In plants, In other industrial applicatIOns, or, In some cases, at remote 
spill sites. 

OPERATING PRINCIPLE - A vacuum IS created In a chamber or small powerhead assembly by an engIne and 
vacuum pump either Integral to the collection vessel or located remotely from the suction head. An 
electriC motor, air compressor, diesel engIne or water pump IS most commonly used to drive the pump. In 
some cases, a venturi effect based on air or water IS used to establish suction. FiltratIOn vanes from the 
depositIOn of collected materials Into lined or mesh containers to one, two and three stage systems which 
can Include centrifugal separators, linear separators, and cloth dust collectors. OptIOnal High EffiCiency 
Particulate Air (HEPA) filters are often available with industrial-type vacuum cleaners which are designed 
to retain tOXIC dusts and other contaminants. 

PHYSICAL SPECIFICATIONS - Refer to the above-noted separate entries for small suctIOn units applicable to 
hazardous materials. For other vacuum devices having possible applicatIOn to hazardous material spills, 
consult the manufacturers' literature for the follOWing representative Items (many other machines are sold 
locally, nationally and InternatIOnally): 

1) BVC Portable Vacuum Cleaner 

TEFV electriC motor-driven industrial vacuum cleaners weighing 65 to 687 kg 043-1514 Ib) In various 
capaCIties design for In-plant use. 

2) Manlere CorporatIOn 

Self-propelled suction device Intended for spill cleanup at industrial complexes; power source 
unspecified. 

3) Nortech Corporation Compressed Air Powered Vacuums 

Wet or dry industrial vacuum cleaners sold as 57, 114 and 208 L (15, 30 and 55 U.S. gal) complete um ts 
or vacuum head assemblies for drum-mountIng; based on compressed air supplied In-plant. 

4) Vac-U-Max Cleamng EqUipment 

Air compressor-driven portable vacuum head deSigned for both plant and remote spill 10catlO'lS 
(particularly 011 slICk cleanup); fits 205 L (45 gal) open-top drum. 

5) Vlkoma Nor-Vac Portable Vacuum Beach/Rock Cleaner 

ThiS 160 kg (352 Ib) diesel/vacuum pumping system IS marketed speCIfically for the cleanup of 011 spills 
at remote sites. It features a power pack, vacuum chamber, suctIOn wand, and water Jet spray system. 
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6) Vlkoma Vlkovac 

A self-contained diesel engine/vacuum pump/power head assembly weighing 350 kg (770 lb) IS housed on 
a three-wheel trolley. The Vlkovac IS designed prllnarlly as an 011 spill cleanup device for suctlOnlng 
spilled materials from beaches and other surfaces Into drums. 

7) Sl\ckbar Trans-Vac 

This IS a diesel-driven, skid-mounted vacuum Unit Intended mainly for 011 spill cleanup With the 
company's Manta Ray skimming heads which operate on the water's surface. 

OPERATING SPECIFICATIONS - Refer to separate entries thiS section and manufacturer's literature. Note 
thdt vacuum and pressure are given In a Wide variety of Units. Typically, however, these suction deVices 
create a vacuum of 100 to 500 mm (4 to 20 In) mercury (1360 to 6800 mm (53.5 to 268 In) H20) uSing air at 
414 and 690 kPa (60 to 100 pSI). A maXllllum (absolute) vacuum approaching 100 kPa (760 mm Hg) H20) 
would be theoretically pOSSible. CapaCIty varies Widely and IS usually expressed In Llh liqUids, t/h solids, L 
or receiving capacity, etc. It would be Important to determine the availability of explOSIOn-proof 
components and non-corrosive parts If these are needed for particular applicatIOns. The majority of the 
deVices marketed are electric-powered vacuum cleaners deSigned for the cleanup of small spills In 

industrial plants. Other Units have been conceived specifically for od spill control or for routine 
maintenance tasks. Usage of these deVices on spills of hazardous materials would require further study on 
an indiVidual baSIS. 

STATUS OF DEVELOPMENT AND USAGE - CommerCial products universally available. Usage IS generally 
not documented for the control of spills of hazardous substances remote from industrial plants. 

PERFORMANCE - Evaluation data were not obtained for the application of small suction deVices to the 
cleanup of hazardous materials. 

AVAILABILITY AND COMMERCIAL INFORMATION - Contact informatIOn IS presented for all deVICes 
discussed including those Included as separate entries In thiS sectIOn. 

BVC Portable Vacuum Cleaner 

Frank Ayles Spdlvac 

Hako Minuteman Vacuum Systerns 

Harrier HI Vac 

BVC limited 
Leatherhead, Surrey 
England 
Telephone Ashtead 76121 
Telex 2&134 

Frank Ayles & ASSOCiates Ltd. 
120 Whltechapel High Street 
London, England 
EPI 7PT 
Telephone 01-247-1926 
Telex 886089 ab DENBRO 

American Cleanmg EqUipment Corporation 
111 50uth Route 53 
Addison, IL 60101 
U.S.A. 
Telephone (312) 627-6900 

Sinclair MacDonald Products 
112 Doncaster Avenue 
Thornhill, Ontario 
Canada L3T 1 L3 
Telephone (416) 889-8511 

The Materials Handling DIVISion 
Harner \1anne Llfm ted 
Ptlsworth Road 
Burry 
Lancashire, England BL9 8RL 
Telephone 061-796-8703 
Telex 666754 ab HARPEX G 



Manlerre Industrial Vacuum Cleaner 

NFE HI-Vac Vacuum Cleaners 
and Conveyors 

NJ!flsk GS Series CommercIal 
Vacuum Cleaners 

Nortech Compressed AIr 
Powered Vacuums 

Vac-U-Max Cleaning EquIpment 

Vlkoma Nor-Vac 
Vlkoma VICovac 
Beach Cleaners 
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Manlerre CorporatIOn 
Waukesha, WI 
U.S.A. 
(availabilIty uncertain) 

NFE InternatIOnal Ltd. 
300 Beeline Drive 
BensenvJlle,IL 60106 
U.S.A. 
Telephone (312) 350-1110 

NFE Canada LImIted 
P.O. Box 1277 
StatIon B 
Burlington, OntarIO 
Canada 
UP 3S9 
Telephone (416) 634-2342 
Telex 0618219 ab NFE CANADA BUR 

NJlflsk of America Inc. 
224 Great Valley Parkway 
Malvern, PA 19355 
U.S.A. 
Telephone (215) 647-6420 

NJlflsk Ltd. 
200 Connie Crescent, Unit 7 
Concord, Ontario 
Canada 
L4K 1M 1 
Telephone (416) 669-6003 

Nortech CorporatIon 
189 Greenwood Avenue 
MIdland Park, NJ 
U.S.A. 
Telephone (201) 445-6900 

Vac-U-Max 
37 Rutgers Street 
Belleville, NJ 07109 
U.S.A. 
Telephone (201) 482-1000 

Vlkoma InternatIOnal LImIted 
88 Place Road 
Cowes, Isle of WIght P031 7AE 
England 
Telephone (0983) 296021 
Telex 869111 ab VIKINT G 

OTHER DATA - No other informatIOn obtained on small suctIon systems. 
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PRODUCT LARGE SUCTION DEVICES - GENERAL LISTING No. 40 

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol Fl Sk 

* * '" '" '" '" 
DESCRIPTION - Truck-, skld- or trailer-mounted vacuum systems With mtegral storage capability deSigned 

for the recovery of liquid, solid or llquld/sohd materials In a variety of mdustrlal apphcatlOns as well as at 
remote spill locatIOns. 

Blower I 
0,1 SuctIOn 

VACUUM TRUCK AIR CONVEYOR 

OPERA TING 'pRINCIPLE -

Vacuum Truck A low-volume vacuum pump or blower directly evacuates a large collectIOn vessel or tank. 
The end of a suction hose leading to the tank IS then placed In the material to be recovered. Sklmmmg 
heads can be attached to the end of the hose to mcrease pickup efficiency m water; otherWise, the Simple 
hose opemng IS used. 

Air Conveyor A high flow rate of air IS utlhzed to convey material mto a collectIOn tank through a large 
diameter hose. The end of the suctIOn hose IS held above the material to be recovered so that an adequate 
air flow IS mamtamed. The high capaCity blower IS protected from ltqulds and particulates - mcluamg dust 
- by prefilter systems sometimes comprised of steel baffles as well as pnmary ftltratlon such as venturi 
nozzles or other cyclomc separatIOn process, and/or baghouse or multi-stage cloth ftlters. 

PHYSICAL SPECIFICATIONS - Typical dimensions are: 

SuctIOn Hose Diameter (em) 
Length - excludmg truck (m) 
Tank Diameter (In) 
Weight - excluding truck (kg) 
Capac I ty (m 3) 
Materials of ConstructIOn 

Vacuum Truck Air Conveyor 

7.6 to 10.2 10.2 to 20.3 
3 to 10 4 to 5 
1 to 2 1 to 3 
2 000 to S 000 5 000 to S 000 
2 to 23 5 to 15 
0.64 to 0.79 cm (0.25 to 0.31 m) steel tank, stamless steel optIOnal; also 
liners or coatmgs of asphalt, rubber, neoprene, epoxy and flbreglass 
sometimes avaJlable for corrosives. 

OPERATING SPECIFICATIONS - Typical values are: 

Rated Vacuum (mm H20) 
Air Flow (m 3/h) 
Rotor Speed (rpm) 
Pump Type 
Other 

Vacuum Truck 

to 10000 
200 to 5 000 
800 to 1 000 

Air Conveyor 

5 000 to 5 500 
6000 to 10000 
1 500 to 2000 

Vane POSitive displacement 
Hydraultcally-operated tank-end door often featured. 
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STATUS OF DEVELOPMENT AND USAGE - Commercially available products universally available. Both 
vacuum trucks and air conveyors have been used world-wide for the recovery of spilled rnatenals including 
oil and hazardous substances. Advantages mclude gammg access to confmed areas and mmimizmg 
potential contact with cleanup crews. 

PERFORMANCE - EvaluatiOn of large vacuum systems has been limited. Testmg has been conducted, 
however, of a vacuum truck and an air conveyor uSing oil on water at the U.S. Environmental ProtectIOn 
Agency's Oil and Hazardous Matenals Simulated Environlnental Test Tank (OHMSETT) at Leonardo, NJ. 
For the air conveyor, a maXHTlUrn recovery rate of 7.S m 3/h was achieved in a slick thickness of 25 mm 
(l 1Il). 011 content 1Il the collected liqUid peaked at 72%. The vacuum truck, m one senes of tests, was 
deterlnmed to be capable of recovermg a maXimum of 3.9 m3/h of a 25 mm (l m) thiCk SliCk and, m one 
run, ot! content reached 4-0% but was otherwise much lower. In a second series of trials, the vacuum truck 
collected m excess of 10 m 3/h in a sltck of 4-6 mm (l 3/4- In) and over 24- m3/h when a skimmmg head was 
connected to the end of the hose. Factors WhiCh affected performance can be translated mto the followmg 
conclusions and recommendations: 

Spills on Water 

Air conveyors are espeCially recolllmended for recovermg thm layers or highly ViSCOUS products on 
water. 

Vacuum trucks are better sUited to the recovery of thiCk SliCks than thm layers of fioatmg materials. 

Blower speed affects the effiCiency With WhiCh these systems pick up matenals; blower speed must also 
be selected consistent Wi th proper truck engllle mallltenance. 

Hose length may also affect performance. 

Skim:nlllg heads should enhance the capability of vacuum trucks to recover floatmg materials. 

Air conveyors should generally exhibit a greater tolerance of a vanety of forms of debns. 

Spills on Land 

In the case of spills on land, large suctIOn systems can be effectively utilized to remove materials from 
ditches or other hard-to-reach areas. Once the spilled substance is pICked up, it remams confmed until ItS 
ultimate disposal. If no water body is lIlvolved, a highly effiCient recovery operatIOn should be poSSible 
unless other mterferences are encountered. These could mclude a qUICkly evaporatlllg substance, fire 
hazard, highly ViSCOUS flUid, or phYSical obstructions WhiCh prevent use of the suction hose. 

AVAILABILITY AND COMMERCIAL INFORMATION - Representative compallles only are listed. Industrial 
registers and local telephone directOries should also be consulted for manufacturers of vacuum eqUipment. 

Aquatech-Moro 
10620 Cedar Avenue 
Cleveland,OH 4-4-106 
U.S.A. 
Telephone (216) 231-1010 

Airesearch, Inc. 
4-007 Seventh Court, North 
BtnTlmgham, AL 35222 
U.S.A. 
Telephone (205) 591-24-77 

Central Engmeerlllg Co., Inc. 
4-4-27 West State Street 
Mtlkwaukee, WI 53208 
U.S.A. 
Telephone (4-14-) 933-4-567 
Telex 2664-1 

Jet-Vac System 

Guzzler Air Vacuum Loader 

Vac-All 

VCR Series 



DP Way CorporatIOn 
P.O. Box 09336 
Milwaukee, WI 53209 
U.S.A. 
Telephone (800) 558-6944 

Industrial and MUnicipal Engineering 
P.o. Box N 
U.S. Route 34 East 
Galva,IL 61434 
U.S.A. 
Telephone (309) 932-2036 
Telex 510-390-8006 

Kleener Kleener Incorporated 
6248 Honey town Road 
Smithville, OH 44677 
U.S.A. 
Telephone (800) 321-4932 

NFE InternatIOnal Ltd. 
300 Beehne Drive 
Bensenville, IL 60106 
U.S.A. 
Telephone (312) 350-1110 

In Canada contact: NFE Canada Limited 
P.O. Box 1277 
Station B 
Burlington, Ontario 
L7P 3S9 
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Ultravac 

Vacuum Inductors 

Power-Vac 

HI-Vac Vacuum Loaders 

Telephone (416) 634-2342 
Telex 061 8219 ad NFE CANADA BUR 

Peabody Myers Vactor 
1617 South IllinOiS Street 
Streator,IL 61364 
U.S.A. 
Telephone (815) 672-3171 

Power-Vac, Inc. Industrial Vacuum Loaders 
Dept. M 
P.O. Box 20905 
Milwaukee, WI 53220 
U.S.A. 
Telephone (414) 933-8989 

Santvan Inc. Industrial Vacuum Loaders 
1705 3rd Avenue 
POinte-au x-Trembles, Quebec 
Canada 
HIB 5M9 
Telephone (514) 353-9170 
Telex 05-829559 

Super Products Supersucker 
P.O. Box 27225 
Dept. T 
Milwaukee, WI 53227 
U.S.A. 
Telephone (800) 558-6190 or (414) 787-7100 
Telex 26-9566 alb SUPROCORP NBLN 



In Canada contact: WaJax Industnes Ltd. 
6555 Cote de Llesse 
Montreal, Quebec 
H4T lE6 
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Telephone (514) 342-9570 

Transway Systems, Inc. 
330 Leaslde Avenue 
Stoney Creek, OntarIO 
Canada 
L8E 2N7 
Telephone (416) 662-5435 
Telex 061-8661 

Wm. W. Meyer & Sons, Inc. 
8262 Elmwood Avenue 
Skokie, IL 60077 
U.S.A. 
Telephone (312) 673-0312 

Vacuum Systems 

(formerly J.B. Systems LHnlted) 

·\IIeyer Klean Kmg 
Powervac Cleaners 

OTHER DATA - Because of the high capital cost of large suction systems, cleanup contractors who own and 
operate such equipment are usually called upon m the event of hazardous matenal spills. A separate ltstmg 
of contractors IS contamed as an Appendix of this report. 

Reference: Gates, D.C., K.M. Corradmo, and W.R. Senfter, "OHMSETT Tests of Truck-Mounted Vacuum 
5ystems for Od 5pdl Recovery", Proceedmgs of the 1983 U.S. Oli Splil Conference, San Antonlo, 
TX (Feb - Mar, 1983. 
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PRODUCT HAKO MINUTEMAN VACUUM SYSTEMS No. 41 

APPLICABILITY Gas liquid Solid 
Sol Fl Sk Sol FI Sk 

* * * * * * 

DESCRIPTION - Small industrial vacuum cleaners designed for the In-plant and laboratory pickup of 
hazardous wastes In wet or dry form including nuclear, mercury, chemical, asbestos and other materials. 

Drum 

Dump Valve 

~) ~~~-1m "US/G,' 1S7l1 
) LId Assembly 

Absolute FIlter 
(dry only) 

JO US/Gal) (114 L) 
Drum Adapter 

OPERATING PRINCIPLE - A vacuum IS created In the collectIOn tank either by an electric motor Integral to 
the Unit or by a remote source of compressed air. When used for dry pickup, four filters including HEPA, 
Impact, cloth bag and protector bag entrap contaminants and treat all air flowing through the system. 

PHYSICAL SPECIFICATIONS - (800 series only) 

Model X-lOO X-1700 X-703 X-I000 MX-I000 MRS* 

Overall Height (em) 88 & 122 4-8 & 61 84- to 130 64- to 135 236 104- & 117 
Width (em) 53 & 61 36 53 & 64- 36 to 64- 53 53 
Weight (kg) 4-0 & 58 10 & 11 23 to 51 10 to 55 39 & 38 28 to 35 
Dry Capacity (m 3) 0.05 & 0.12 0.006 & 0.04- 0.02 to 0.2 0.006 to 0.2 0.06 0.02 & 0.06 
Power (W) I 180 air air 930 & 1 180 I 180 1 4-80 

*MRS = mercury recovery vacuum system 

OPERATING SPECIFICATIONS - (800 series only) 

Model X-IOO X-1700 X-703 X-lOOO MX-I000 MRS 

Static Lift (mm H2O) 2235 5537 5537 2235 2235 2794-
Air Flow (m 3/mln) 3.6 4-.7 4-.7 2.7 & 3.6 3.6 3.3 
Air Pressure (kPa) 621 621 
Compressed Air Flow 
(m 3/mln STP) 1.19 1.19 
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Drum adapters are available to enable the use of 57 L (15 U.S. gal) lids on 114 and 208 L (30 and 55 U.S. 
gal) drums. 

All models mclude Impact-type filter with 90 to 95% efficiency (DOP standard test). 

All models also can utllLze and HEPA filter 99.7% effective at 3 ~m. 

Hako vacuum cleaners are U.S. Government (OSHA) approved for use m hospLtals, "white rooms", 
electronic assembly areas, testmg labs and nuclear plants. 

Mercury recovery vacuum systems (MRS) feature a critical filter sUitable for the pickup of iLquld mercury 
and mercury-contammated dry and ILqUid sod and air. 

Asbestos vacuum has effiCiency ratmg of 99.999% on particles of 5 ~ m; It uses a five-stage filter. 

All models have wheels except the X-l700 and two smaller X-IOOO Units. 

STATUS OF DEVELOPMENT AND USAGE - CommerCial products specifically designed to recover hazardous 
materials m plants. Documentation relatmg to spills not receLved. 

PERFORMANCE - No evaluatIOn data obtamed. 

A V AIL ABILITY AND COMMERCIAL INFORMATiON -

Manufacturer: 

AmerLcan Cleanmg EquLpment Corporation 
III South Route 53 
Addison, II 60101 
U.S.A. 
Telephone (312) 627-6900 
Contact: Mr. Charles Kallll 

OTHER DATA - None obtamed. 

CanadLan Dlstnbutor: 

SmclaLr ,'vlacDonald Products Ltd. 
112 Doncaster Avenue 
Thornhill, Ontano 
Canada 
UT IU 
Telephone (416) 339-3511 
Telex 06-964731 
Contact: Mr. Gerry Wilson 
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PRODUCT HARRIER HI-VAC VACUUM UNITS No. 42 

APPLICABILITY Gas LiqUid Sol1d 
Sol FI Sk Sol FI Sk 

- - - ------------- - - ----- ----- - -----
DESCRIPTION - A portable air-powered ventun system designed for the recovery of liquids, sol1ds and 

slurnes In plants and at relnote spill sltes. 

OPERATING PRINCIPLE - An air compressor IS used to create a vacuum via a venturl system. Material 
enters through d suction line, remainS separated from the ventun, and IS dlrected through a hopper into a 
storage container. An on/off sWitch mounted on the inlet hose, and vanous configuratIOns of end fittings, 
factiltate inltlal matertal pickup. 

PHYSICAL SPECIFICA nONS - five models are avadable: 

Model 

Welght (kg) 
Diameter (mm) 
Height (mm) 

Air Hose - Length (m) 
- Type 

PlCkup Hose - Length (rn) 
- Type 

Other 

HV 2 

26 
609.5 
lflflf.5 

HV If 

37 
609.5 
lflflf.5 

30 (all models) 

HV 6 

58 
762 
lflflf.5 

HV 9 

81 
91lf.5 
508 

Nylon-reinforced rubber (all models) 
9.1 (all models) 
Green Kanoflex (all models) 

All models flt lndlvldually-slzed hoppers. 
HV 2 and 4 power head also flt onto standard open-top drum. 

The fifth Inodel, called the Sco Vac Unit, lS self-contained and trader-mounted and IS compnsed of: 

HV If power head; 
hopper and hopper support frame; 
3lfl2 L storage bag; 
air hose, pick up hose, flttmgs, snorkel recovery pipe; and 
Atlas Copco Sdensalr compressor rated at 158 L/s. 



OPERATING SPECIFICATiONS -

Model 

Vacuum (552 - 690 kPa) 
Recommended AIr Pressure - kPa (bar) 
ConsumptIOn (L/s) 
Output (L/h) 
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HV 2 HV 4 HV 6 

457 (all models) 
507 to 709 (5 to 

68 136 
25025 40 590 

7) all models 
204 

56875 

HV 9 

306 
86450 

STATUS OF DEVELOPMENT AND USAGE - CommerCIal products developed tor the recovery ot oIl and a 
wIde range of dry and itqlJld hazardous materials. Documented applIcatIOn to spIlls was not obtamed. 

PERFORMANCE - No evaluatIOn data reviewed. 

AV AIL ABILITY AND COMMERCIAL INFORMATION -

Materials Handling DI VISIOn 
Harrier Marine LImited 
PIlsworth Road, Bury BL9 8RL 
Lancashire, England 
Telephone 061-796-8703 
Telex 666754 alb HARPEX G 

OTHER DATA - Temporary storage bags are avaIlable up to 22730 L (5000 gal) capacIty. 

The Hlgh-Vac series IS deSigned for the removal of materials from both land and the sllrface of water 
bodIes. 
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----------------------------------------------
PRODUCT NFE HI-VAC VACUUM CLEANERS/CONVEYORS No. 43 

APPLICABILITY Gas Liquid Solid 
Sol FISk Sol FISk 

DESCRIPTION - A mobile high-power mdustrlal vacuum for liquid, solid or liquid/solid material pick-up. 

OPERATING PRINCIPLE - A "power head" contammg the vacuum pump draws materials through a 50 mm 
(2 m) line, then through a three-stage fJltratlOn system which removes the material from the air stream. 

PHYSICAL SPECIFICATIONS - Several models available, all of which may be mounted on rubber tire trailers 
for portability. Self-propelled and permanent installatIOn versIOns are also available. DimensIOns (not 
mcludlng hoppers): 

Model Length (mm) Width (mm) Height (mm) 

310 1143 1118 1956 
220, 240LC 1727 2134 1219 
225, 230, 240, 250, 275 1727 1880 1727 
2075,2100,2150 3505 3023 1981 

Weights Output: 

Model Weight (kg) Power (hE) 

310 910 10.1 
220 1360 20.3 
225 1590 25.4 
230 1860 30.4 
240 2040 40.6 
250 2260 50.7 
275 2495 76.1 

2100 3630 101. 4 
2150 4310 152.1 
2300 6805 304.2 
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OPERATING SPECIFICATIONS - PIckup capacItIes up to 140 t/h (at 15 m (49 ft) conveYIng dIstance) 
dependmg on model selected and densIty of material. May be used to pICkup the folloWIng materials: 

LIght weIght (up to 800 kg/m 3) Aluminum ChiPS, ashes, bakelite, carbon black, charcoal, Iron oXIde, plastIc 
pellets, sawdust, titanium dIOxide, vermiculIte and ZinC oXide. 

Medium weIght (810 to 1750 kg/m 3) Bentonite, borax, cement, coal, copper sulphate, kaolLn, lLme, 
Illnestone, phosphate, quartz, rubber, salt, sand and shale. 

Heavy weIght (>1750 kg/m 3) cast Iron ChIPS, clay, glass cullets, Iron ore, lead ores, lead oXIde, maganese 
ore, potassIum chloride (pellet), PYrite (pellet), slag, steel ChiPS, taCOnite pellets, ZIrcon sand. 

MaXimum conveYIng dIstances: 

Model Heavy MedIum LIght 

310 15 23 31 
220 15 31 38 
225 27 42 65 
230 38 61 91 
240 53 84 122 
250 69 107 152 
275 91 137 198 

2100 114 175 252 
2150 145 221 312 
2300 229 335 457 

- -- ------------------- --- -------- ----------- - - ---
Hopper Closed 

Power Ca~aClty Motor SuctIOn Max 
Model (hp) (m ) Type (cm H2O) (m 3/mln) 
---------- ----- - --~--------- - -- - -------- - --- - - -------
Pussycat I 0.017 
Lynx I 0.034 
TIger 2 0.048 
Panther 3 0.048 

Puma 5 0.057 

Note also for all models revIewed: 

electriC motors are standard 

electrIC 211 
electriC 211 
electrIC 211 
electriC, LP 234 
gasolIne air 
electriC 272 

optIonal diesel, LP, gas engInes except as specIfied 
explOSIOn-proof controls avaJlable 
HEPA fIltratIOn system for hazardous materIals 
epoxy coating for corrOSIves 

2.7 
2.7 
5.4 
4.6 

5.1 

STATUS OF DEVELOPMENT AND USAGE - CommercIal products. DocumentatIOn of applIcatIOn to spJlls of 
hazardous materials not obtained. 

PERFORMANCE - No evaluatIOn data obtamed. 

AVAILABILITY AND COMMERCIAL INFORMATlON-

Manufacturer: 
NFE InternatIOnal LimIted 
300 Beeline Drive 
Bensenvllle,IL 60106 
U.S.A. 
Telephone (312) 350-1110 

DistrIbutor: 
NFE Canada Limited 
P.O. Box 1277 
StatIOn B 
Bur ltngton, Ontar 10 

Canada L7P 359 
Telephone (416) 634-2342 
Contact: Mr. J. H. Robb, OperatIOns Manager 

OTHER DATA - NFE InternatIOnal also dIstrIbutes the HI-Vac Cat Series manufactured and sold under lICense 
from Sturtevant EngIneering Co. Ltd. of Europe. These are portable, wet/dry vacuum systems deSIgned for 
industrial applIcatIOns. Five models are avaIlable all with optIonal tOXIC dust ftiters (HEPA): 

Reference: Manufacturers' LIterature. 
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PRODUCT NILFISK MERCURY VACUUM CLEANER No. 44 

APPLICABILITY Gas liquid SolId 
Sol Fl Sk Sol Fl Sk 

* 

DESCRIPTION - A portable mercury recovery system for the cleanup of mercury spills m laboratorIes, 
manufacturmg facIlities and on land. It consists essentially of a vacuum cleaner unit, a separator, a carbon 
cartridge filter and hose. 

FISI( 

OPERATING PRINCIPLE - SuctIOn from the vacuum Unit draws the mercury through a hose and mto a 
centrifugal droplet separator where lIquid mercury IS collected. Any dust or debris from the operation IS 
collected In a disposable bag mSlde the Unit. The alr lS then passed through an activated carbon adsorbent 
{Liter elIminating mercury vapours from the vacuum exhaust. Finally, the air passes through a mlcrofIlter 
and IS released to atmosphere. 

PHYSICAL SPECIFICATIONS -

Motor - 115 V, 60 cycles 
Power consumption - 700 W 
Height - 1143 mm (45 In) 
Length - 762 mm (30 In) (wlth trolley) 
Width - 495 mm (19.5 In) (with trolley) 
Weight - 39 kg (86 Ib) Without acceSSOries 
SuctIOn Inlet - 32 mm (1.3 In) 
Container - 20 L (5 U.S. gal) stainless steel 
Droplet bottle - 1 L (0.3 U.S. gal) (unbreakable plastic) 
Hose - Neoprene-lIning, 3 mOO ft) long, 32 mm (1.3 In) I.D. 
13.6 kg (30 lb) charge of actlvated carbon 
OptIOnal high efflclency particulate alr filter 



OPERATING SPECIFICATIONS -

Vacuum - 18.6 kPa (maximum waterhft) 
AIr flow - 0.04 m3/s at contamer mlet 
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Can collect both hquld mercury and mercury compounds. 

Can collect hquld mercury for future reuse or disposal (separator). 
Meets or exceeds OSHA standards for morgamc mercury. 
Easliy replaceable partIculate and vapour fliters. 
MlCrofllter YIelds 99.5% effIcIency at 2 ~ m. 

STATUS OF DEVELOPMENT AND USAGE - CommerClal product. Usage on hazardous matenal spills not 
documented. 

PERFORMANCE - No evaluatIOn data obtained. 

AV AIL ABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Nliflsk of Amenca, Inc. 
201 Kmg Manor Dnve 
King of Prussia, PA 19406 
U.S.A. 
Telephone (215) 277-3900 

OTHER DATA - Other vacuum systems are avaJiable In a Wide range of models to collect or filter tOXIC 
matenals such as lead, asbestos, slilca, beryltum alloy, insecticides, cotton dust and other dusts. 

Reference: Manufacturers' LIterature. 
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PRODUCT 5PILLVAC VACUUM UNIT No. 45 

APPLICABILITY Gas LIquId SolId 
Sol Fl Sk Sol Fl Sk 

.. .. .. '* '* 

DESCRIPTION - A portable water-powered venturI conceived for the recovery of lIquIds, solids and slurrIes at 
plants, refineries and remote spIll sites. 

OPERA rING PRINCIPLE - A water pump IS used to drive a venturi thus creating a vacuum In a power head 
O1ssembly. The power head can be dIrectly applIed to a standard 205 L (45 gal) drum or mounted on a 
hopper over any bulk storage vessel for interIm deposItIOn of the collected materIal. 

PHYSICAL SPECIFICA nONS -

Gross WeIght - 120 kg (264.51b) 
ShIpping Container - SIze - 1200 x 800 x 500 mm (47 x 31.5 x 20 In) 

- Type - metal alloy 
Vacuum Head - stainless steel, size unspecIfIed 

SuctIOn Hose - Length - 10m (33 ft) 
Vacuum Hose - Length - 10 m (33 ft) 
Water Jet Hose - Length - 25 m (82 ft) 
Water Inlet Connections - 6.4 cm (2 1/2 In) male/female "Instantaneous" 
Vacuum Inlet ConnectIOn - 7.6 em (3 In) QUick Coupler 
Water Jet Supply ConnectIon - 1.3 em 0/2 In) QUIck Coupler 
ConstructIOn MaterIals - Vinyl ester resins, polyvInylJdene fluorIde (PVDF) and chlorosulphonated 
polyethylene (Hypalon) In SVH model deSIgned for corrosIves. 



111 

OPERATING SPECIFICATIONS -

Air Flow at Pickup Mechamsm - 4 to 6 m/s 
Pressure at PICkup Mechamsm - 500 mm (20 m) Hg maximum 
Water Requirement - 225 L/mm @ 6 to 8 bar 
CollectIOn Rate (LiqUid) - 200 L/rnm 
Maximum Lift - 4 to 5 m (13 to 16 ft) 

STATUS OF DEVELOPMENT AND USAGE - CommerCial product deSigned for spill cleanup. Documented 
usage on hazardous material spIlls not reported. 

PERFORMANCE - No evaluatIOn data obtamed. 

AVAILABILITY AND COMMERCIAL INFORMATION-

Frank Ayles & ASSOCiates Ltd. 
120 Whltechapel High Street 
London EPI 7PT 
England 
Telephone 01-247-1926 
Telex 886089 ab DENBRO 

OTHER DATA - The water used to drive the venturi does not contact the material to be recovered and so can 
either be reused or released Without treatment. 

Two spdlvac deVices are available: the SVO model IS Intended for the collectIOn of oli and non-corrosive 
materIals while the SVH umt IS constructed to process corrosives. 

OptIOns mclude hopper and stand, fleXible PVC holdmg tank, PVC pIllow tank, dust bags, drum trolley, and 
Transvac eductor. 
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2.4 Sorbents 

PRODUCT SPILL sORBENTs - GENERAL LISTING No. 46 

APPLICABILITY Gas Liquid soitd 
Sol FI sk Sol FI sk 

* * * 

DESCRIPTION - Natural and synthetic materials, or combinatIOns thereof, that can be used to absorb and/or 
adsorb sptlled itquld materials on land or, In some cases, on water. 

OPERATING PRINCIPLE - The sorbent IS broadcast tn loose form (usually tn the event of a spill on land) or 
appited as a ptllow, pad, rug, boom or tn other format on land or on water to pick up materials released tn 
,Dtnor amounts dUring accidental discharges. The sorptIOn process IS a phYSical one which can, If the 
situatIOn warrants It, be repeated with some sorbent pads and foams If these are wrung out between 
individual appltcatlOns at the spill site. 

PHYSICAL SPECIFICATIONS - sorbents vary tn format from small particles several mtlltmetres tn size to 
mats, pads and rolls generally 50 to 100 cm (20 to 40 tn) tn width by 0.5 to I cm (0.20 to 0.40 tn) tn 
thickness. Materials cOinmonly used tn the fabricatIOn of sorbents tnclude: 

I) Natural Organics - of animal or vegetable orlgtn and encompass peat moss, straw, sawdust, corn cobs, 
bark, etc. 

2) Natural Inorganlcs - fabricated from VariOLlS mtnerals; clays, vermlcuitte, peritte, diatomaceous earth 
and fly ash are examples. 

3) Synthetic or Modified sorbents - Often polymeriC materials, such as polyurethane foam, polyethylene, 
and polypropylene. Other types tnclude modified orgamcs such as treated cellulose backed by a 
polymeric netttng, modified tnorganlcs such as expanded vermlcultte or treated perltte, and various 
synthetic chemical and rubber products. 

The manufacturers' hterature should be consulted for avatlable Sizes, formats and material composition. 

OPERATING SPECIFICATIONS - Most sorbents can be applted over a wide range of ambient temperatures, 
provldtng the material to be picked up IS In hquld form. In the case of some products such as peat moss, 
which can retatn mOisture, usage tn sub-freezmg temperatures may not always be possible. Warehouse 
storage of sorbents IS usually required to prevent or ,ntmmlze theIr deterioratIOn. 

'vIost synthetic sorbents float so that they can be considered for spills on both water and land. Because 
sptlled substances can usually be contatned more readtly on land, however, sorbents are often more 
effectl ve tn that situation. ThiS IS particularly true of partICulate sorbents which, when used on land, can 
be harvested by earth-movtng machtnery or other equipment to hasten the cleanup process. On the other 
hand, operatIOnal difficulties can arise If they are tndlscrlmmately broadcast on floattng materials without 
prior contamment havtng been considered. 

In the case of granules, particulates and other loose forms of sorbent, tnformatlOn on mhalatlOn tOXICity 
and sktn sensitivity should be requested msofar as the Initial distributIOn of the sorbent IS concerned. 
PrecautIOns such as coveralls and face masks may be required when sLlch materials are applted. 

Agatn, consult the manufacturer for specifiC operatIOnal adVice mcludmg storage reqUirements, safety 
concerns, appitcatlOn methods and disposal alternatives. In the latter regard, regulatory authOrities should 
always be consulted for ultimate dispOSition of used sorbents contatnmg hazardous materials. 

STATUS OF DEVELOPMENT AND USAGE - A wide range of commercial products IS marketed world-Wide. 
Several of these have been exphcltly developed for the recovery of hazardous materials. See also separate 
entries tn thiS sectIOn. Most were orlgtnally sold for ot! spill cleanup although compatlbtllty of many 
sorbents With certam hazardous materials IS now noted. 
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PERFORMANCE - Although itmlted evaluatIOn of sorbents has been conducted on hazardous materials both on 
spills and m the laboratory, the U.S. EPA has compiled a report which offers gUidance on the subject. A 
summary table has been reproduced here. 

AVAILABILITY AND COMMERCIAL INFORMATION - Contact mformatlOn IS presented m separate entries m 
thiS sectIOn for the followmg sorbents (their use has been specifically denoted by the manufacturer for 
hazardous material spLils): 

Absol Sorbent 
Conwed D Sorbent Pads 
Hazorb Sorbent 
Petro-trap Sorbent 
Safestep Sorbent 
Spill Control Pillows 

OTHER DATA - The report referenced above under Avallablllty and Commercial InformatIOn contams 
performance data for sorbents tested wIth fresh and aged crude oIl, dIesel and Bunker C. Smce sorption 
capaCIty IS m part dependent upon VISCOSity, the results should mdlcate trends for various hazardous 
materials - assuming compatlbliLty has been determmed. 

References: Henlck, E.C., D. Carstea, and G. Goldgraben, "Sorbent Materials for Cleanup of Hazardous 
Materials", Report EPA-600/2-S2-030, U.S. EnVironmental ProtectIOn Agency, Cmcmnatl, OH, 
(March, 1982) (see also Project Summary EPA-600/S2-82-030 dated July 1982 under same 
authorship, title). 



CAPABILITY OF HAZARDOUS LIQUIDS AND SELECTED SORBENT MATERIALS 

-----------------------------------------------------------------------------------------------------------------------------~-,---------------------------------------~--
..QUJ UJ ~ C'" Perlite and z 2 

Hazardous 
LIquIds 

ACIds 
and 
DerIvatIves 

Alcohols 
and 
Phenols 

Aldehydes 
and 
Ketones 

Epoxldes 

Esters 

Halogen 
Compounds 

Hydrocarbons 

NItrogen 
Compounds 

Sorbent 
Materials 

AcetIc aCId 
AcetIc anhydride 
ButYric aCId 
2, 2-DlchloroproplOnlc aCId 
FormIc aCId 
Naphthenlc ACId 
PropIOnic aCId 
PropIOnic anhydride 

Allyl alcohol 
Cresol 
Phenol 

Acetaldehyde 
Acrolem 
Crotonaldehyde 
Formaldehyde 
Furfural 

Propylene oXIde 

Amyl acetateS 
Butyl acetate 
n-Butyl phthalate 
Methyl methacrylateS 
Pyrethrlna 
V my I acetate 

Acetyl bromIde 
Acetyl chlOride 
Allyl chlOride 
Benzoyl chlOride 
Benzyl chlOride 
Carbon tetrachloride 
Chlordane 
Chlorobenzene 
Chloroform 
Cyanogen chlOride 
o-Dlchlorobenzene 
Dlchloropropene-

dlchloropropane (D-D mIxture) 
2, 2-DlchloroproplOnlc aCId 
Hexachlorocyclopentadlene 
Phosgene 
Polychlorinated bIphenyls (PCBs) 
Trichloroethylene 
Vmylldene chlOride 

Benzenes 
CycIohexanes 
Ethylbenzenes 
Isoprenes 
StyreneS 
TolueneS 
XyleneS 

Acetone cyanohydrin 
Acrylonitrile 
Amllne 
Benzomtrlle 
Butylamme 
Dlethylamme 

A 
A 
A 

A 
A 
A 
A 

A 
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A 
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A 
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A 
A 
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Nitrogen DlmethylamIne A 
Compounds D Inl trotoluene A 
(Cont'd) Ethylenediamine A 

Hydrogen cyanide A 
MonoethylamIne A 
Nitrobenzene A 
QUinoline A 
Tnethylamme A 
Tnmethylamlne A 

Organometallic 
Compounds Tetraethyl lead A 

Organophosphorus DlazInon A 
Compounds Dlchlorvos A 

DlSulfoton A 
EthlOn A 
Malathion A 
Methyl parathion A 
MevInphos A 
Naled A 
Parathion A 
Tetraethyl pyrophosphate A 

Sulphur Carbon dlSulphlde A 
Compounds Chlorosulphomc aCid A 

\~ethyl mercaptan A 

ACids Hvdrochlonc aCid x A 
Hydrofluonc aCid x A 
Nltnc aCid x A 
Phosponc aCid A 
Sulphuric aCid A x 

InorganIc Antimony pentachlonde A 
Halides Arsenic trichloride A 

Phosphorous oxychlonde A 
Phosphorous trichloride A 
Sodium hypochlorI te (solution) A 
Sulphur monochlonde A 
ZinC chlOride A 

Other Ammonium hvdroxlde A 
Nitrogen dlo;lde A 

A represents compatible combinations as per referenced lIterature 
mdlcates data were available 
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Numbers represent absorption capacity (mass of matenal sorbed per umt mass of sorbent), based on experimental data 
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~Propnetary product of Diamond Shamrock Corporation 
Proprietary product of Grefco, Inc 
~ProprIetary product of Clean Water. Inc 
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Propnetary product of Dow Chemical Company 
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PRODUCT ABSOL ABSORBENT AND FLAME RETARDANT 

APPLICABILITY Gas LiqUid 
Sol Fl 

.. .. 

Sohd 
Sk Sol Fl 

.. 

No. 47 

Sk 

DESCRIPTION - Absol IS granular mono calcIUm slhcatehydrate formulated for applicatIOn on land to spills of 
chermcals and petroleum products as a sorbent, neutrahzlng agent and flame retardant. 

OPERATING PRINCIPLE - The sorbent IS poured on the released substance which IS both absorbed physically 
and adsorbed via weak chemical bonding to the mlcrocellular structure and large surface area. 

PHYSICAL SPECIFICATIONS -

Sorbent Material prinCIpally monocalclum slltcatehydrate 
Packagmg 35-L bags 
Shelf-Life 50 years 
Surface Area 30 m 3jg (sand = 1 m 2jg) 

OPERA TING SPECIFICATIONS - The manufacturer states that Absol achieves greater than 60% by volume 
absorptIOn, IS capable of removmg films, and helps to contam fumes. It will not burn followmg chemical 
pickup. 

STATUS OF DEVELOPMENT AND USAGE - Absol was reported as a new, commercially avatlable product In 
the October 1983 editIOn of Hazardous Cargo Bulletm. Documentation of usage on hazardous material 
spills was not obtained. 

PERFORMANCE - The manufacturer reports that Absol was apphed to nttriC aCid leaving 3 to 5% residual 
aCid and 0.5 ppm nitrous oXide ("2 ppm IS the hygiene threshold hmlt and 5 ppm IS the ceiling".). By 
contrast, clays and volcanic stone left 80 to 90% residual aCid and silicates left 18 to 70%. 

The very high available surface area should render Absol effective on minor amounts of sptlled chemicals 
given cornpatlbtllty between the sorbent and released substance as well as no Interferences with optimal 
contact (such as wind, water applicatIOn, ground penetration or excessive runoff of product). 

A V AILABILITY AND COMMERCIAL INFORM A TION -

UK Distributor: 
TOPP Hygienics Ltd. 
Balcombe Road 
Horley, Surrey RH69ET 
U.K. 

OTHER DATA - Absol originated In Sweden where, It IS claimed, It IS widely used by Industry and fire 
services. 
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PRODUCT CONWED D-SORBENT PADS No. 48 

APPLICABILITY Gas LiqUid Solid 
Sol FI Sk Sol FI Sk 

* * * 

After use, the pad may be 

PHYSICAL SPECIFICATIONS - Sorbent Material: modified, low denSity polyethylene foam; slightly abrasive 
533 mm square x 6 mm (21 In square x 0.24 In) thick. 

OPERA TING SPECIFICA nONS - Will pick up to 23 times ItS weight 111 petroleum products. 5ee General 
Llstmg for compatibility With chemICals In additIOn to: 

Chemical 
Acetaldehyde 
AcetIC ACId (glaCial) 
AcetiC Anhydride 
Acetone 
Acetone Cyanohydrll1 
Acetyl Bromide 
Acetyl Chloride 
AcrylonJ tnle 
Acrolein 
Allyl Alcohol 
Allyl Chloride 
Ammotoluene 

(benzylamlne-toluldme) 
A:Tlyl Acetate 
Aniline 
Benzene 
Benzonltnle 
n-Butyl Acetate 
Butyl Amine 
ButYriC ACid 
Carbon Blsulphlde 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Cresol 

For use on Water/Land 
no/yes 
no/yes 
no/yes 
no/yes 
no/yes 
no/yes 
no/yes 
yes/yes 
yes/yes 
no/yes 
yes/yes 

no/yes 
no/yes 
yes (IInmerse)/yes 
yes/yes 
yes (IInmerse)/yes 
yes/yes 
no/yes 
yes/yes 
yes (IInmerse)/yes 
yes (IInmerse)/yes 
yes (unmerse)/yes 
yes (Immerse)/yes 
yes (IInmerse)/yes 



Cyclohexane 
Dlethyl Amine 
Ethylamlne 
Ethylbenzene 
Formic ACid 
Furfural 
Isoprene 
MalathIOn 
Methyl Methacrylate 
Nitrobenzene 
Perchloroethylene 
Phenol (carbolic aCid) 
Polyethylbenzene 
PropIonic ACid 
Propyl Alcohol 
QUinoline 
Styrene (monomer) 
Tetraethyl Lead 
Toluene (toluol) 
1,1,1, Trichloroethane 
Vmyl Acetate (monomer) 
Xylene (xylol) 

yes/yes 
no/yes 
no/yes 
yes/yes 
no/yes 
no/yes 
yes/yes 
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yes (linmerse)/yes 
yes/yes 
yes (Immerse)/yes 
yes (Immerse)/yes 
no/yes 

no/yes 
no/yes 
no/yes 
yes/yes 
yes (Immerse)/yes 
yes/yes 
yes (Immerse)/yes 
yes/yes 
yes/yes 

STATUS OF DEVELOPMENT AND USAGE - CommerCial product used In Canada and the U.S. In oJ! spill 
cleanup. DocumentatIOn of usage on hazardous material spills was not obtaIned although the manufacturer 
has prOVided a comprehenSive IndicatIOn of chemical compatibility. 

PERFORMANCE - EvaluatIOns on petroleum products Indicate that approxllnately 15 g 011 are picked up per g 
sorbent for fresh and weathered diesel, crude and Bunker C (I.e., for a Wide range of VISCOSity). Simllar 
results could be expected for other spilled substances. 

A V AILABILITY AND COMMERCIAL INFORMATiON -

Manufacturer: 

Conwed Corporation 
Sorbent Products 
332 Minnesota Street 
P.O. Box 43237 
St. Paul, MI 55164 
U.S.A. 
Telephone (612) 221-1144 

Distributor: 

Sorbco 
5369 Malngate Drive 
Mlsslssauga, OntarIO 
Canada 
L4W lG3 
Telephone (416) 624-1264 

OTHER DATA - Conwed manufactures a range of sorbent products In varIOus materials and formats. OngInal 
marketIng efforts centered around the company's cellulOSIC sorbent reInforced With a polypropylene net 
which has been used on 011 spJ!1 cleanup but also has applicatIOn to certaIn hazardous materials. 

References: Manufacturers' Literature; Robertson, L.A., SelectIOn Criteria and Laboratory EvaluatIOn of 011 
Spill Sorbents: Update II, Environment Canada, Ottawa, OntariO, Report EPS 4-EP-S3-4 
(November, 1983). 
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----------------------- -- -- --------------------
PRODUCT HAZORB No. 49 

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

APPLICABILITY Gas LlqUld Soltd 
Sol FI Sk Sol FI Sk 

DESCRIPTION - A treating agent which can be used to pick up spills on land and to control vapours. It 
consists of sodium slitcate foam granules contall1erl In all Inert porous fabriC pillow. 

~;7?' ~, 
./. • tII.,-

OPERATING PRINCIPLE - The sorptIOn of ltqulds by this material IS a phYSICdl process. LiqUids are absorbed 
by the Hazorb material. It cannot be applted to spills In water since Hazorb Itself will absorb water. 

PHYSICAL SPECIFICATIONS -

Form: White granules, 8 to 200 mesh 
Packaging: 

Polypropylene construction pillows 
Size: 432 x 660 x 51 mm (17 x 26 x 2 In) 
Volume: 0.01 m 3 (0.5 ft3) 
Weight: Approxunately 0.5 kg (J Ib) 

TOXICity: 
Acute inhalatIOn toxIcity: LC50 2.32 mg/L air 
Acute oral toxIcity: LD50 15380 mg/kg 
Mtld eye Irritant (19.7/110.0) 
Sltght skin Irritant (0.7/8.0) 
Not a skin senSitizer 
Shelf-Life: Indefinite 

OPERA TING SPECIFICA nONS -

Non-combustible and non-draining. 
Can absorb up to 20 times Its weight. 
Not recommended for use on hydrofluorIC aCid. 
Strong oXidiZing chemlcaJ~ Will degrade the polypropylene pillow fabriC but not the sorbent. 

STATUS OF DEVELOPMENT AND USAGE - CommerCial product speCifically conceived for appltcatlOn to 
hazardous material spills. 1}0cumentatlOn of usage on aCCidental releases not obtained although the 
manufacturer InalntalnS an extensive customer Itst of U.S.-based companies. 
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PERFORMANCE - The following absorptIOn results were obtained from tests made by Immersing the 
sorbent In lIqUId for 15 minutes, draining for 5 minutes and then measuring the quantIty absorbed: 

Volume Volume 
L/ 10 kg L/ 10 kg 

ACIds 
FormIC ACId 15.0 

AcetIC ACId (GlacIal) 10.8 HydrochlorIc ACId, 38% 13.3 
BOrIC ACId, 6% @ 90°F 15.8 NItrIC ACId, 71% 11.7 
BOrIC ACId, 12% @ 140°F 15.0 NItrIC ACId, Fuming 12.5 
ChlorosulphonIc ACId 11.7 Oleum, Fuming SulphurIC 17.5 
ChromIC ACId, 20% 15.0 PhosphorIC ACId, 83% 15.0 
ChromIC ACId, 60% 13.3 SulphurIC ACId, 98% 14.2 

AgrIcultural ChemICals Chlorobenzene 11.7 
Cresol 14.2 

Dacamlne (N-Oleyl 1,3- O-DIChlorobenzene 13.3 
propylenedlamlne salt of Ethyl Benzene 11.7 
2,4-DIChlorophenoxyacetlc NItrobenzene 15.0 
ACId, 2lb/gal) 14.2 Phenol, 84% 15.8 

Dacamlne 40 (N-Oleyl 1,3- Toluene 12.5 
propylenedlamlne salt of Xylene 10.0 
2,4-Dlchlorophenoxyacetlc 
ACId, 4Ib/gaJ) 14.2 ChlorInated Hydrocarbons 

Daconate 6 (MonosodIum 
Methylarsenate) 15.0 Chlorowax LV 17.5 

Chlorowax 40 15.8 
Alcohols and Ethers Chlorowax 42-170 15.8 

Chlorowax 50 20.0 
Ally Alcohol 13.3 Chlorowax 100 17.5 
Dlethyl Ether 9.2 Chlorowax 500-C 18.3 
Ethanol 9.2 PCB (PolychlorInated 
Ethylene Glycol 14.2 BIphenyl) 8.3 
Glycerine 15.8 
Isopropanol 10.8 ChlorInated Solvents 
Methanol 10.0 

Carbon TetrachlorIde 8.3 

AlkalIes Chloroform 9.2 
Ethylene DIchlorIde 10.8 

AmmOnIum HydroxIde, 30% 15.0 Methylene ChlorIde 10.0 
Caustic Potash, 45% 16.7 Perclene 0 
CaustIc Potash, 10% 15.0 (Perchloroethylene) 10.0 
CaustIc Soda, 50% 20.0 Tnclene 0 
CaustIc Soda, 10% 15.0 (Tnchloroethylene) 10.0 
SodIUm Methoxlde In 

Methanol, 25% LIquId 15.0 H ydrocar bons 

Amlnes --- Cyclohexane 10.0 
GasolIne 9.2 

AnIline 16.7 Fuel OJ!, No.2 13.3 
n-Butylamlne 13.3 n-Hexane 12.5 
DIethylamine 10.0 Minerai SPIrIts 10.0 
EthylenedIamine 17.5 Motor OJ!, SAE No. 40 18.3 
Tnethanolamlne 18.3 
Tnethylamlne 13.3 Ketones! Aldehydes & Esters 

Aromatics Acetaldehyde 15.0 
Acetone 10.8 

Benzene 14.2 Amyl Acetate 11.7 
BenzonI tnle 15.0 n-Butyl Acetate 13.3 
Benzoyl ChlorIde 12.5 DlOctyl Phthalate (DOP) 15.8 
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Volume Volume 
LlIO kg L/IO kg 

BYX (Benzene/Toluene/ Formaldehyde, 37% 10.0 
Xylene) 14.2 Methyl Ethyl Ketone 9.2 

Methyl Methacrylate 12.5 Acrylonitrile 13.3 
Vinyl Acetate 9.2 Allyl Chloride 13.3 

Bromme 3.3 
Salts Carbon Dlsulphlde 10.8 

Eplchlorohydrln 15.8 
Alum, 50% liqUid 13.3 Heat Transfer Liquid, 
Ferric Chlonde, 40% 15.0 Dowtherm A 15.0 
Potassium Carbonate, 47% 15.3 Hydrazlne Hydrate (85% Sol.) 13.3 
Sodium Bichromate, 70% 15.0 Hydrogen Peroxide, 30% 10.0 
Sodium Sulphate, ([8%) 18.3 Isophorone 14.2 

MEK Peroxide In Dimethyl 
Silicates Phthalate, 60% 11.7 

Methyl Isocyanate 12.5 
SodIUm SIlicate Oil/water EmulsIOn, 75% 

Gr 40 Llq. 18.3 Petroleum Lubricating Oil 22.5 
Sodium SIlicate PhosphatlzIng SolutIOn 12.5 

Gr 52 Llq. 16.7 Phosphorus Tnchlor Ide 10.0 
PVC Latex (40% SolIds) 12.5 

Surfactants SCintIllatIOn Liquid So-X-I 
SCIntlverse (Fisher 

BlOnal A-50, catIOnIC, SCientifiC Co.) 15.0 
(GAF) 19.2 SCintIllatIOn Liquid 

Monawet SNO-35, .AnlOnlc, (PPO, POPOP, Xylene, 
(Mona Industries) 19.2 Naphthalene, Dioxane, 

Tergltor 15-S-12, NonlOnlC, Ethoxyethano]) 13.3 
(Union Carbide) 13.3 Silane Coupling Agent 11.7 

SIlicone EmulsIOn SM 2085, 
Vegetable Oils General ElectriC Company 12.5 

Silicone Transformer Liquid, 
Corn OIl 16.7 Dow Corning 561 14.2 
Peanut 011 17.5 Styrene 10.8 
Safflower OIl 17 .5 Tetrahydrofuran II. 7 
Soybean 011 17.5 TitanIUm Tetrachlonde 10.8 

Toluene DlIsocyanate 12.5 
Mlscella1leous Water /OIl EmulSIOn, 5% 17.5 

Petroleum Lubrlcatmg Oll 17.5 
AcetIC Anhydride 13.3 Water Repellant No. 772, 

Dow Corning IS.3 

Also tested for vapour emiSSions control from gasoline, acetone, dlethyl ether; lab experiments USing a 
cover of 40 g (1.4 oz) of solvent per 200 g (7 oz) of liqUid reduced vapour emISSIO'1S by 50 to 90%. 

AVAILABILITY AND COMMERCIAL INFORMA nON -

Ivlanufacturer: 
Diamond Shamrock Corporation 
Soda Products DIVISIOn 
351 Phelps Court, P.O. Box 2300 
IrVIng, TX 75061 
U.S.A. 
Telephone (214) 659-7000 

Canadian Distributor: 
SanJvan Inc. 
1705 3e Ave. 
Pomte-aux-Trembles 
Montreal, Quebec 
HIB 5M9 
Telephone (514-) 353-9170 
Telex: 05-329559; Contact: PIerre Richard 

OTHER DATA - Clallned to have mdefInI te shelf-lIfe. For ultImate disposal rnethods, approval by regulatory 
authoritIes should be sought. 

Reference: Manufacturer's Literature; Temple, R.E., R.J. Estherhay, W.T. Gooding, and G.F. Bennett, 
Diamond Sharnrock CorporatIOn: "A Universal Sorbent for Hazardous Spdls", Journal of 
Hazardous Materials, ~ pp. 185-190 (1980). 
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PRODUCT IMBrBER BEADS No. 50 

APPLICABILITY Gas LIquId SolId 
Sol Fl 5k Sol Fl Sk 

* * * 

DESCRIPTION - Imbiber Beads are polymeric spheres which absorb a variety of organic fluids, Includmg 
gasolme, fuel od, chlorinated solvents, PCBs, aromatic solvents (e.g., benzene, styrene), and many polar 
compounds (methyhsobutyl ketone, ethyl acrylate). Imbiber beads wIll not adsorb water (hydrophobIc), 
solIds (unless dlssol ved mto solutIOn), high VISCOSI ty ods (unless thmned), low molecular weIght alcohols, 
6lycols, acetIc aCId, acetonttrde, nttrornethane, and other hIghly polar materials. 

OPERATING PRINCIPLE - The beads consIst of lightly cross-ltnked polymer chams NhlCh swell when 
contacted with an organtc solvent. The ltquld IS entrapped by the molecular structure of the polymer. 

PHYSICAL SPECIFICATIONS - Cross-hnked polymers of T -butyl-styrene; bead dIameters not avadable. 

OPERATING SPECIFICATIONS - Dependmg on the solvent propertIes of the flUid and the polymer 
formulatIOn, adsorptIOn of up to 27 tImes the ongmal bead volume IS possIble. The entrapped fluid cannot 
be squeezed from the beads once Imbibed. A bead will not leak fluid If crushed or cut after full adsorptIOn. 
The beads become sticky untIl saturatIOn equtllbnum IS reached. 

STATUS OF DEVELOPMENT AND USAGE - Used In commercIal products such as gellmg agents (see "EPA 
MultIpurpose Gellmg Agent" m this survey), adsorbent blankets (for spills and shIpment of liquId samples) 
and valves for drall1mg water from storage tanks without lOSing stored organtc hqulds. 

PERFORMANCE - Recommended uses mclude adsorbmg spIlls on land or m waterways, contalnmg spIlls In 

diked areas, or In safety shutoff valves which close when exposed to orgamc hqulds. 

011 loss from an expert mental Silica sand bed (to simulate a shallow bUrIal system mflltrated by water) was 
34% versus 0.02% from a bed of Imbiber Beads/WIck mixture over an IS-day test perIod. The 011 mIxture 
bUrled m the beds was 91 % MobIle DTE turbine oIl wIth 9% No.2 fuel od. 

When loaded wlth Cobalt Nltrate, the above mentIOned 011 expenment showed no detectable cobalt m the 
leachate from the Imbiber beads durmg a 20-day test, whereas over 35% of the avadable Cobalt leached 
from the sand during the fIrst ten days. 
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AVAILABILITY AND COMMERCIAL INFORMATION - Dow sold the patent and distributIOn rights for their 
Imbiber Beads to ENSCO (Energy System Co., EI Dorada, Arkansas) In September 1981. EMCO, Inc., a 
subsidiary of ENSCO, IS now manufacturing the beads. 

EMCO Inc. 
1015 LOUIsiana St. 
Little Rock, AR 72207 
U.S.A. 
Telephone (501) 37~-7878 
Contact: Mr. Allen Marshall 
or Mr. Jack McLachlan 

Distributor: 

Anco Chemicals Limited 
P.O. Box ~OO 
Maple, Ontario 
Canada 
LOJ lEO 
Telephone (416) 832-2276 

OTHER DATA - EMCO has modified Dow Imbiber Beads so that three types are available to absorb: 1) non­
polar organics; 2) polar organics; and 3) aqueous solutIOns. A combinatIOn of these beads and ground 
polyethylene Wlcklng agent contained In a spun-bonded, polypropylene, qUilted blanket was commercially 
Introduced In 1983. 

The blankets are avatlable In 35 x 53 cm (14 x 21 In) and 53 x 106 cm (21 x 42 In) Sizes, capable of absorbing 
up to 3.8 L and 11.3 L (l and 3 USG) respectively. EMCO claims the blankets Will absorb PCBs, solvents, 
ketones, aCids, and alkaits, but not strong oXidizing agents. 

References: "Arkansas firm to market new blanket to absorb hazardous ltqUld spills." Hazardous Materials 
Intelltgence Report (April 3, 1983). 

"EMCO Imbiber Beads", Otl Spill Intelltgence Report p. 3 (March 25, 1983). 

D.H. Haigh, "Dow Imbiber Beads for Oil Waste ImmoblltzatlOn", Dow Chemical Company, 
Central Research, Physical Research Laboratory, Report B600-CC9-79. 
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---------------
PRODUCT PETRO-TRAP No. 51 

APPLICABILITY Gas Liquid Soltd 
Sol Fl Sk Sol Fl Sk 

* * * 

DESCRIPTION - Packaged sorbent media for absorbing spIlled matertals. 

OPERATING PRINCIPLE - Sorbent matertal IS enclosed In a polypropylene membrane which excludes water 
but allows other substances to pass through. The sorbent materIal then absorbs the spIlled matertal. The 
Petro-Trap may be put through a wringer In order to recover the sptlled product. 

PHYSICAL SPECIFICATIONS - Cover: Spun-bonded polypropylene; Sorbent: 
DimenSIOns: 

A 
B 
C 
D 
E 
F 
G 
G 

Commercial 
Trucker 
PIt Boss 
Drtp Pad 
Hand Pad 
Sltck Pad 
G-Boom 
G-Boom 
Box 
Bundle 
Case 

457 x 762 x 76 mm (18 x 30 x 3 In) 
229 x 762 x 76 mm (9 x 30 x 3 In) 
229 x 356 x 76 mm (9 x 14 x 3 In) 
406 x 610 x 25 mm (16 x 24 x I In) 
l27x 152x 13mm(5x6xO.51n) 
406 x 610 x 25 m m (16 x 24 x I In) 
229 x 1219 x 76 mm (9 x 48 x 3 In) 
229 x 2438 x 76 mm (9 x 96 x 3 In) 
114x 102xI52mm(4.5x4x61n) 
381 x 381 x 762 mm (15 x 15 x 30 In) 
559 x 737 x 279 mm (22 x 29 x II In) 

Wringer: 457 mm roliers, 6 hp, 12 V motor 

DIe-cut polyurethane; 

OPERATING SPECIFICATIONS - Compatlblltty IS indIcated with certain hazardous matertals as well as 
petroleum products. AppitcatlOn on water and on land IS pOSSIble as well as reuse. 

STATUS OF DEVELOPMENT AND USAGE - CommerCial product. Usage on hazardous materials has been 
indicated by manufacturer only to a Itmlted extent. 

PERFORMANCE - Tests performed for Petro-Trap indIcated these pIck-up capabllttles: 

ChemIcal 

Ethyl Ether 
Kerosene 
n-Amyl Alcohol 
Naphtha 
Ethyl Acetate 
Hexane 
Butyr aldehyde 
Benzene 

SorptIOn CapacIty (tests at room temperature) 
(gig) 

8.9 
13.9 
20.9 
9.8 

14.3 
9.4 

13.8 
18.8 

Product appears to be more durable than most other sorbents. 

AV AILABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Petro-Trap 
P.O. Box 91 
Westport, MA 02790 U.S.A. 
Telephone (617) 675-7831 
Contact: Mr. R.J. Von See 

OTHER DATA - The manufacturer also markets an electrIC wrtnger to squeeze out sorbed materIal when 
cIrcumstances make sorbent reuse feaSIble. 
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PRODUCT SAFESTEPSORBENT No. 52 

APPLICABILITY Gas Liquid Soltd 
Sol Fl Sk Sol Fl Sk 

* * * 

DESCRIPTION - An Inert, inorganIC sorbent of slltcones and other minerals containing no free slhca 
formulated to be Insoluble In most solvents and strong mineral aCids as It picks up and retains these. 

OPERATING PRINCIPLE - The small particle size of this sorbent presents a large surface area to sptlled 
chemicals which are adsorbed on contact when Safestep IS spread on and mixed With the discharged 
material. 

PHYSICAL SPECIFICATIONS - Average Particle Size - 0.030 mm; packaging - 11.3 kg (25 lb) heavy duty, 
multi-wail bags; material - blend of stllcones and other minerals; properties - Insoluble In water, Inert, 
nonflammable 

OPERATING SPECIFICATIONS - For appltcatlon to petro-chemicals, aCids, caustic solutIOns, organics, 
morganlcs, PCBs and other tOXIC and hazardous wastes. Insoluble In most solvents and strong mineral aCids 
except hydroflUOriC aCid. Harmless to skin and clothing. Should be spread on and mixed With spilled 
material to ensure maximum sorptIOn. 

STATUS OF DEVELOPMENT AND USAGE - CommerCial product speCifICally for the treatment of hazardous 
material spills. Documentation of usage was not obtained. 

PERFORMANCE - The manufacturer refers to the U.S. EPA's Final PCB Ban Rule of June 1979, p. 28, and 
Independent tests conducted by Analytical Research LaboratOries, Inc., MonrOVia, CA In claiming that 
Safestep retrieves Significantly more PCB-contaminated oll than other sorbents and IS particularly SUited 
for that purpose. No other evaluatIOn data were obtained. Because of the small particle Size, It IS 
anticipated that appltcatlOn of the sorbent would have to be undertaken With due attention paid to wmds 
and other potential mterferlng factors. 

AVAILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: Andesite of Caltforma, Inc. 
1260 South Goodrich Boulevard 
Los Angeles, CA 90022 
U.S.A. 
Telephone (213) 726-7602 

OTHER DATA - As the manufacturer claims, Safestep should adsorb material Immediately on contact. It 
should prove effective on mmor amounts of spilled material to which a sorbent can be readily apphed, 
mixed and collected. 
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PRODUCT SPILL CONTROL PILLOWS No. 53 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

DESCRIPTION - Polyolefln plllows which entrap aCids, caustics, and organic solvents by foamed particles 
contained inside. 

OPERA TING PRINCIPLE - Amorphous sdlcate particles are foamed and act like sponges to absorb liqUids Into 
the pillow. 

PHYSICAL SPECIFICATIONS - Amorphous Silicate absorbent contained In a porous polyolefln pillow. 
Avallable In three absorbent capacities: 250 mL (9 oz'; I L (0.3 U.S. gal); and 4 L (l U.S. gal). 

OPERATING SPECIFICATIONS - Plllows claimed to absorb 98% of their capaCity In 30 seconds. PLllows Will 
absorb 10 to 20 times their own weight of most hazardous liqUids, except hydrofluortc aCid. Saturated 
pdlows can be treated by elution, evaporatIOn, incineratIOn or landfIll disposal. 

STATUS OF DEVELOPMENT AND USAGE - CommerCially avaIlable for laboratory and small Industrtal spJlls 
of hazardous materIals. 

PERFORMANCE - Test results regarding the use of the pdlows with specific hazardous liqUids has not been 
documented, except for their IncompatlbJllty with solutIOns containing hydrofluoriC aCid. 

AVAILABILITY AND COMMERCIAL INFORMATION -

Avadable through: Lab Safety Supply 
P.O. Box 1368 
JanesvLlle, WI 53547-1368 
U.S.A. 
Telephone 1-800-356-0783 
TWX 910-288-2921 

OTHER DATA - Disposal bags, racks and dispenser-type cartons are avadable from the manufacturer. 
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2.5 Dredging 

----- ---- - - - - - --- ---- -- -- -- ---- -- - - -- ----- - - - -- ----------------
PRODUCT DREDGING EQUIPMENT - GENERAL LIS TING No. 54 

Acknowledgement 

The informatIOn contained In this entry IS based on the Noyes Data CorporatIOn 1979 publicatIOn "Hazardous 
Chemical Spdl Cleanup" edited by J.S. Robinson. The particular section referenced (pages 122-133) was, In 
turn, based on "A Feasibility Study of Respo'lse Techmques for Discharges of Hazardous Chemicals that Sink", 
CG-D-56-78 prepared by T.D. Hand, A.W. Ford, P.G. Malone, D.W. Thompson and R.B. Mercer of the U.S. 
Army Engineer Waterways Expenment Station for the U.S. Coast Guard. 

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol FI Sk 

* * 

DESCRIPTION - Mechanical equipment utiliZing varIOus pnnCiples tYPically employed for underwater 
excavatIOn to deepen watercourses for navigatIOn or for underwater mining or for the collectIOn of 
benthos. ApplicatIOn of such deVices to hazardous material spill response has also been made albeit to a 
limited extent. 

DIPPER DREDGE 

Spuds 

Anchor Lme Anchor Lme 

\~~~~~---¥~L// 

PLAIN SUCTION DREDGE 

OPERATING PRINCIPLE - Dredges can be classified Into four groups according to the means of moving 
matenal, pumping system and/or purpose. (Note that other categonzatlons are also pOSSible such as the 
method used to store or depOSit dredged material, the deVice selected to excavate sediments, etc.): 

1) Mechanical Dredges - Mechamcal force IS directly applied to dislodge and excavate material at 
almost in-SitU denSities. Most such dredges depOSit dredged matenal Into scows or barges for 
transportatIOn to a disposal site. SpecifiC types include the dipper, bucket ladder and grab or 
clamshell. 

2) Hydraulic Dredges - Usually barge-mounted so that they can both remove and transport sediment In 

liqUid slurry form. Diesel or electnc-powered centrifugal pumps are used With discharge pipes 15.2 
to 122 cm (6 to 48 In) In diameter to transport slurries containing 10 to 20% solids by weight. 
Pontoon-supported pipelines can traverse several thousand metres to reach a land-based disposal site. 
Dredged material can also be handled via sldecastlng, loading Into barges or scows, and direct loading 
of on-board hoppers. xamples are plain suctlOn, dustpan, cutter head and hopper dredges. 
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3) Pneumatic Dredges - A pump operates on compressed air and hydrostatic pressure handling slurries 
to 70% of the in-Situ density. Data on percent solids by weight are unavailable. These hydraulic 
pipeline systems were originally developed In Italy under the trade name Pneuma. 

4) Special Purpose Dredges - Various devices could be used for recovering spilled hazardous matenals 
from water including hand-held suctIOn Units, portable pumping systems and specially deSigned 
machmes such as the Mudcat, a scaled-down hydraulic dredge (see separate entry thiS sectIOn). 

PHYSICAL SPECIFICATIONS - Data should be obtained specifiC to any particular dredge of Interest. Size, 
weight, configuration, etc. vary considerably according to each dredge even Within one of the above 
categories. PhYSical specificatIOns are likely to have a direct bearing on selectmg an appropriate system 
for a spill SituatIOn Since consideratIOns usually Involve temporary storage, transportatIOn, treatment and 
disposal of dredged material. See also the separate entry Mudcat. 

OPERATING SPECIFICATIONS - PrinCipal advantages and disadvantages can be Cited related to operatIOnal 
aspects of dredge types: 

Mechanical Dredges: Clamshell, dipper and bucket dredges are deSigned for hard or soft materials and 
normally are not self-propelled crafts. No prOVISIOn IS made for material containment; thus, these Units 
must work along-side the disposal area or be accompanied by disposal barges durmg the dredging operatIOn. 
Prmclpal advantages of mechanical dredges: 

the clamshell IS capable of deep-water excavation; 
they Can be controlled and manoeuvered In small and confmed areas and would be useful m areas With 
obstructIOns and debriS; and 
they excavate materials at nearly in-Situ denSities; thus, a smaller volume of dredged material must 
be handled and disposed of. 

PrinCipal disadvantages of mechanical dredges: 

they are capable of only modest production rate (2. 382 m 3/h (500 yd 3/h); 
they require separate disposal vessels and equipment; 
they Cause a great deal of turbidity and sediment (contammant) resuspenslOn; and 
they would be ineffective agamst a free or unadsorbed liqUid contaminant. 

Hydraulic Dredges; Barge-Mounted Dredges - Barge-mounted types, such as the plain suction, dustpan and 
cutterhead dredges, Will have difficulty In rough water (> 1m waves). ExceSSive vertical movement of the 
ladder can Cause the head to be forced mto or bounced off the bottom leadmg to excessive Impact loads on 
the ladder, digging equipment, and transmiSSIOn. AdditIOnally, large differential movement between the 
barge and sections of the float-supported plpelme could result m undeSirable stresses and failures In rigid 
pipe connectIOns. PrinCipal advantages of conventional barge-mounted hydraulic dredges: 

depending on Size, they are capable of the highest production rates of any dredge (up to 11 468 m3/h 
(15 000 yd 3/h); and 
pipeline directly to treatment/disposal area could minimiZe handlmg of and exposure to contaminated 
dredging material. 

PrinCipal disadvantages of conventIOnal, barge-mounted hydraulic dredges: 

they Cannot be employed In rough waters; 
the large volume of dredged matenal IS 80 to 90% water, requIrIng major dewatermg and 
consolIdatIOn operations for effiCient disposal; 
anchoring cables and pipelines present temporary obstructIOns m naVigable water channels; and 
cutterheads and suctIOn lines are hindered and poSSibly damaged by underwater debriS, large rocks, 
and other obstacles. 

Hopper DredlJes: The ocean-going hopper dredges are self-propelled vessels With self-contained storage of 
up to 6100 In (8000 yd 3). PrinCipal advantages of hopper dredges: 

self-contained storage of dredged material eliminates need for separate storage barge, scow, or 
pipeline. Some possess pump-out capability; 
hopper dredges can operate In rough, open waters and relatively strong current; and 
they operate Without anchors and other restraints and can be used In shipping channels Without 
causing excessive Interference With normal traffiC. 
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PrinCIpal dIsadvantages of hopper dredges: 

deep draft precludes use In shallow waters, including barge channels; 
they cannot work continuously, but must alternately load up, move to dIsposal SIte, dump or pump 
out, and return; 
to preclude overflow of hazardous materials, the full hopper capacIty cannot be used; 
hopper dredges excavate WIth less precIsIOn than other dredge types; and 
open-water dumping cannot be used for contaminated material. 

PneumatIc Dredges: PrIncIpal advantages of pneumatIc dredges: 

they are crane-supported and thus can be operated In close and restricted areas and can be mounted 
on barges, seagoing vessels, as well as dockSIde; 
they can be operated In shallow or deep water WIth no theoretIcal maxImum depth; 
they can be relatIvely easIly dIsmantled and transported by truck or aIr; 
they may be able to YIeld denser slurrIes than conventIOnal hydraulIc dredges; and 
With passive excavating heads, they cause lIttle turbidity of resuspenslOn of solids. 

Principal dIsadvantages of pneumatIc dredges: 

they are capable of only modest production rates (up to 298 m3/h (390 yd 3/h»; 
cables and pIpelInes present temporary obstructIons In navigable water channels; 
pneumatIc systems are not In wIdespread use In the Um ted States and, therefore, may not be as 
readily available as other types. 

SpecIal Purpose Dredges: See also separate entry thIS sectIOn - Mudcat. 

Handheld DeVIces: A suctIon hose mampulated by a dIver With pump and storage tank on board a barge, 
boat, or land-based truck could be Invaluable In the precIsIOn dredging of Intact masses of a solId or lIqUId 
contaminant. PractIcal use would be lImited to very small spills or well-defIned concentrations In difficult 
locatIOns. PrinCIpal advantages of handheld suctIon deVIces: 

they are extremely mobIle and unIversally available. 
WIth manual poSitIOnIng, they are capable of surgIcal cleanup work. 
they would be particularly effective In vacuumIng Indentlflable masses of pure contamInant, 
particularly liqUids and free-flowing solids. 

PrInCipal dIsadvantages of handheld suctIOn deVIces: 

they are lImIted to very small quantitIes of material. 
they are Ineffective agaInst consolIdated sedIments. 
consIderable volumes of water may be collected Vis-a-VIS the deSired contamInant. 
cloggIng of the suctIOn hose or small pump can often occur. 

Operating characterIstIcs for all dredges are summarIzed In the Table A: 

STATUS OF DEVELOPMENT AND USAGE - TechnologICally-advanced dredgIng equIpment IS generally 
avaIlable In western Europe and Japan as compared WIth the more baSIC hardware In Canada and the Umted 
States. Although a wIde variety of UnIts are already In use world-WIde, Improvements contInue to be made 
as concerns greater depth capabIlity; greater preCISIon, accuracy, and control over the dredgIng process; 
higher productIon effiCiency; and decreased environmental degradatIOn. 

PERFORMANCE - An evaluatIOn matrIX was produced by T.D. Hand and A.W. Ford of the U.S. Army Corps 
of EngIneers (see reference under OperatIng SpecIfIcations) for all spill sizes In ports and harbours. SpIll 
response data are lImited and were not taken from other sources. Note that a score of 0 IS a poor rating 
whIle 10 denotes an excellent ratIng (Table B). 

AVAILABILITY AND COMMERCIAL INFORMATION - In Canada and the Umted States, trades Indexes such 
as Fraser's CanadIan Trade Directory and the Thomas Register, or telephone dlrectones, can be consulted 
for dredgIng companIes and marIne contractors In local areas. Many major urban centres are located on 
waterways so that such capabilIty IS wIdely avaIlable. 
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In the U.S., for example, the dredge fleet Inventory has been summarized accordIng to regional 
dlstrIbutlOn: 

U.S. Corps of EngIneers 

Location Hopper Sidecaster Cutterhead Dustpan Clamshell Dipper 

West Coast 3 0 4 0 I 0 
Gulf Coast 5 0 2 0 0 0 
Interior Waterways 0 0 4 8 2 2 
Great Lakes 4 0 1 0 0 0 
East Coast 3 3 0 0 0 0 

Total 15 3 II 8 3 2 

U.S. Private Fleets 

LocatlOn Cutter head Clamshell Dipper PlaIn SuctlOn Hopper 

West Coast 38 53 I 0 1* 
Gulf Coast 75 23 0 0 0 
Interior Waterways 31 33 5 19 0 
Great Lakes 23 28 4 0 3* 
East Coast 97 24 3 0 0 

Total 264 161 13 19 4 

* One on the West Coast and one on the Great Lakes are trader hoppers and two on the Great Lakes are 
suctlOn dredges mounted on hopper barges. 

Source: CG-D-56-78 

The follOWIng reference contaInS comprehensive summary InfOrmatlOn on dredgIng In the U.S.: 

Murden, W.R. and Goodier, J.L., "The NatlOnal DredgIng Study", DredgIng: EnVironmental Effects and 
Technology, ProceedIngs of WODCON VII, World DredgIng Conference, San Pedro, CA (I976). 

OTHER DATA - Major InnOvatlOns In productlOn dredgIng that might enhance hazardous material spdls 
response Include: 

ladder-mounted, submerged pumps for higher productlOn at depths up to 60 m (I97 ft); 
InjectIOn of buoyant material Into pipe near dredgIng head (air and kerosene used to date) to provide 
Increased 11ft and thus higher productlOn and greater depth capabillty; similar In pnnclple to alrllft 
pumps; 
Improved deSigns of dredgIng heads to mInimize material resuspenslOn; 
USe of spud barges (aft of the dredge) to extend hull length and Increase dredge SWIng; Will Increase 
productIOn efflClency of cutterhead dredges; In llmlted use In the U.S. today; 
longer ladders, connected further aft on the dredge hull to Increase depth and permit greater control; 
tandem pump systems for greater productIOn effiCiency and rellabdlty; 
articulated ladder deSigns to maIntaIn constant dredgIng head bottom contact; Will allow use without 
damage In rougher waters; 
better hull deSigns, eqUipped with llquld stabilizIng systems (swell compensators to allow use In heaVier 
seas); 
Improved productIOn InstrumentatIOn to mOnitor flow rates, cumulative production, etc.; 
Improved naVigatIOn, positIOning, and bottom profdIng InstrumentatlOn; state-of-the-art Includes 
advanced laser, electrOnic, and acoustical systems; 
closed bucket modJflcatlOns to reduce loss of fines and liqUid In clamshell dredges; 
depth and SWIng Indicators for mechanical dredges; 
c1amshell to dipper convertible dredges; and 
use of Silt curtaInS dUring dredgIng, as well as open-water disposal, to restrict turbidity plumes, and, In 
the case of hazardous materials, llmlt the added dlsperslOn due to dredgIng. State-of-the-art IS In U.S., 
but Silt curtaInS are not In general use. 



TABLE A SUMMARY OF DREDGE OPERATING CHARACTERISTICS 

Percent Approx 
Sohds In Operate SUitable Range of Dredging Depths Loss Slurry In For LiqUid Vessel Production (m) 

of by Turbidity Open or Sohd Draft Rates 
LiqUid Welght(J } Caused Water Retrieval (m) (m 3/h) Minimum 

Mechanical 

Dipper high in-Situ high yes(2} SOlld {J} 23-459 0(4} 

Clamshell or Grab h1gh In-sItu h1gh yes(2} sohd O} 23-459 0(4} 

Hvdrauhc 

SuctlOn low 10-15% low yes(2} both I 5-1.S 19-7646 1.5-1 8 

Dustpan low 10-20% avg no both I 5-4.3 19-7646 1.5-4 3 

Cutterhead low 10-20% avg. yes(2} both 09-43 19-7646 0.9-4.3 

Hopper low 10-20% avg. yes both 3 7-9.4 382-1529 

Pneumatlc 

Pneuma low up to 80% low ves(2} both {J} 46-298 0(4) 
of In-S1tU 

S[>ec1al Pur[>ose 

Mud Cat low 10-40% low no both 1/2 46-115 1/2 

Handheld Vacuum low 5-10% low yes both (3) 77 0(4} 

wt. of drv sed1ment 
Percent sohds could theoretically be 0, but these are normal working ranges Percent sohds = wt of wet slurrv 

L1mlted operatlOn In open water poss1ble, depending on hull size and type, and wave he1ght. . 
Depends on floatIng structure; 1f barge mounted, approx1mately I 5-1 S draft 
Zero 1f used alongs1de of waterway, otherwise, draft of vessel wdl determIne. 
Demonstrated depth; theoret1cally could be used much deeper. 
W1th submerged dredge pumps, dredging depths have been Increased to 31 m or more 
Depends on supporting vessel - usually barge mounted. 
Theoret1cally unaffected by wave he1ght, d1ggIng equ1pment not rlll,ld. 

lV'Iaxlmum 

15 

46 

15-18 

15-18 

4-20 

20 

46 

5 

31 

MaXimum Lateral 
Wave Dredging 
Height MaXimum Accuracy(J 0) 
(m) Current (m) 

< 1(7) (9) 02 
< 1(7,S} (9) 0.3 

< I (9) 06-0.9 

< I (9) 06-0.9 

< I (9) 0.6-0.9 

<2 (9) 3.1 

< 1(7,8) (9) 03 

< 1/3 (9) 0.2 

(7) (9) 0.2 

(J) 

(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(S) 
(9) L1terature Infers that water current hinders dredging operatlOns but references aVOJd estabhshIng maX1mum current 11m1tatJons. For most dredges, hm1tIng current 

1S probably In the 3-5 knot range, w1th hopper dredges shghtly greater, perhaps 7 knots. 
(JO) Vert1cal accuraC1es are generally w1thln .: 0 3 m 

Reference: Hand, T.D and A W Ford, "The Feas1bd1ty of DredgIng for Bottom Recovery of Spdls of Dense, Hazardous Chem1cals," proceedIngs of the 1973 U.S. NatlOnal 
Conference on Control of Hazardous Matenals SpJlls, M1am1 Beach, Flonda (Aprd 11-13, 1978). 

"" 



TABLE B DREDGE EVALUATION MATRIX SPILL SCENARIO' PORTS AND HARBOURS - ALL SPILL SIZES 

Job Size Compatlbllltv Resusp,m-
slon of Trans-

Medium Sediments Dredging Vessel Debns HIn- portatlOn Overall Potential 
Small 100 - Large and Depth Draft and Struc- derance /Moblit-
<1000 200 000 >200000 Sohds Contaml- Llmlta- Llmlta- tural to zatlon Small Medium Large 
yds 3 yds 3 yds 3 Content nants tlOn tlOn Obstacles TraffIc TIme Yardage Yardage Yardage Notes 

WEIGHTING FACTOR 5 5 2 NA NA NA NA 

MECHANICAL 

DIpper 7 5 10 4 9 7 8 5 6.6 5.9 4 3 1,2,7 

Clamshell 8 6 10 10 9 9 S 7.8 7.0 5 I 1,2,7 

HYDRAULIC 

Cutter (and 
Plain SuctIOn) 3 7 9 5 6 8 4 3 40 5.5 63 3,5,6 w 

Dustpan 3 7 S 5 5 6 S 4 3 4.0 5.5 59 6 
N 

Hopper 7 7 5 5 6 9 4 39 5 5 55 6 

PNEUMATIC 6 IJ. 7 7 10 8 9 4 5 69 72 6.1 3,4,7 

OTHER 

Mudcat 9 5 2 6 6 9 4 8 6.S 5.2 4 I 9 

Handheld 
Vacuum 5 0 2 9 6 10 10 7 9 6.8 5 2 4.9 3,8 

I Can only be used for a sohd contaminant unless It IS known that a itauld contaminant IS adsorbed In the sedIment 
2. Pure mechanIcal deVIces wIll be relatlvelv ineffectIve on hard rock or hardpan clay sedIments 
3. PlaIn suctIon will be effective onlv In free floWIng sedIments such as sands, unconsolidated stlty, clay, or organic sedIments, and lIquIds 
4. Pneumatic systems which are normally operated In a plain suction mode could be operated WIth a vanety of suction head deVIces such as augers and cutters 
5. Cutterheads should be turned off when operating In a rock or hardpan bottom to avoId unnecessary dIsperSIon of contaminant and/or damage to dredging equipment. 
6. Dredging depths can be effectively Increased WIth the addItIOn of auxIliary booster pumps at the suctIOn head 
7 EqUIpment can be land-based and/or operated from the shore 
8. Handheld vacuum Will seldom be SUItable as a fIrst line recovery deVice due to extremely itmlted production capacity. Probably Will be most useful for precise cleanup 

and penpheral operations, In situatIOns of small, concentrated well-defined spills; and for cleanup In close quarters. 
9. Mudcat cannot be used In open water situatIOns due to severe depth and wave height itmltatlons but probably would be most effective In small, non-navigable streams 

(NOTE THE NUMERICAL SCORES REFLECTED IN THIS TABLE SHOULI) NOT BE CONSTRUED AS AN ABSOLUTE ME.I\SIIRE l,F THE DREDGE'S VALUE) 
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Other mIscellaneous technIques of relevance Include: 

The Amphldredge, manufactured by IHC-Holland, a major European dredge buIlder, IS an amphIbIOus, 
self-propelled vehIcle that features backhoe and clamshell confIguratIons as well as a shrouded 
cutterhead, sImIlar to the Mudcat. The Amphldredge could prove to be a most useful and versatIle 
devIce agaInst spIlls m small, nonnavIgable streams and marshy areas. 

A system has been developed by Takenaka Komuten Co., Ltd., of Osaka, Japan, for the dredgmg, 
treatment, chemIcal fIxatIOn, and land dIsposal of hIghly contamInated harbour sediments (organIcs, 
heavy metals). In thIs system, propnetanly named TST, a pneumatic Oozer dredge pumps the sediments 
to a sedllnentatlOn basIn. The supernatant IS charcoal-fIltered and returned to the harbour whIle the 
sludge IS mixed With a propnetary portland cement-based addItive and pumped to a disposal site where 
It sets. The result IS claImed to be a chemlcally-mert landfIll With excellent stablhty and mechanIcal 
strength, capable of supporting heavy constructIOn. This system could probably be made available In 
the U.S. given a suffiCient lead time. Though It cannot be conSIdered a response system, It does address 
all phases of the hazardous matenal cleanup problem. 

A speCial dredging head named Cleanup has been developed In Japan to be used WIth standard hydraulIc 
suctIOn dredges for cleanIng up highly contaminated sedllnents With a mmlmum of turbidity and 
hazardous matertal resuspenslOn and optimum dredging accuracy. It consists of an articulated box that 
completely encloses the suctIOn head and allows water to be entraIned and mIxed from one directIOn 
only. It IS highly Instrumented In order to ensure a constant cutting depth and slurry denSIty, and It 
features a trap to capture noxIOus gas bubbles that are released as the sediment IS disturbed. Results of 
demonstratIOns have shown that turbidity and chemIcal oxygen demand (COD) In close proxImIty to the 
cleanup head are Virtually the same as that of the undisturbed ambient water. 
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PRODUCT CRISAFULLI SLUDGE HANDLING SYSTEM No. 55 

----------
APPLICABILITY Gas Liquid Solid 

Sol Fl Sk Sol FISk 

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

* * 

DESCRIPTION - Barge-mounted solids handling pump for removing sludge . 

. ' -:.v-

OPERATING PRINCIPLE - The pump IS mounted on a catamaran hull and, when In operatIOn, IS swung down 
between the hulls to the deSired depth (the motor IS located at the piVOt POint). Effluent IS pumped to a 
separate storage container (no on-board storage). 

PHYSICAL SPECIFICA TIONS -

Length: 6.1 m (20 ft) 
Width: 2.4 m (8 ft) 
Height (overall): 1.7 m (5.6 ft) 

Weight (approximately with 102 mm (4 In) electric motor): 2721 kg (5997 lb) 
Floating Clearance: 203 to 254 mm (8 to 10 In) 
Draft: 356 to 406 mm (l4 to 16 In) 
Aluminum Hand Rail 
FlotatIOn: Catamaran hulls of plate steel; foam-filled and epoxy coated. 

Available with various purnp types: 

Model/Driving Motor 

76 mm ElectriC 
102 mm ElectriC 
152 mm ElectriC 
76 mm Diesel-Hydraulic 

102 mm Diesel-Hydraulic 
152 mm Diesel-Hydraulic 

Standard Cleaning 
Depth (m) 

0.9 to 3.0 
0.9 to 3.0 
0.9 to 3.0 
0.9 to 3.0 
0.9 to 3.0 
0.9 to 3.0 

Power 
Q!QL 

10 
25 
40 
12 
26 
54 

AdditIOnal optIOns available with Increased cleaning depth. 

Pump Winch 
Operation 

By Hand 
By Hand 
By Hand 
ElectriC 
ElectriC 
ElectriC 
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OPERATING SPECIFICA nONS - Must be towed or moved by cables attached to shore. 

Pump Size 

76 mm 
102 mm 
152 mm 

Pump Flow 
(L/mm) 

1893 
4353 
6624 

Solids Moved 
Per Hour* 
(m 3) 

34.4 
78.7 

119.3 

* Based on an assumed 30% solids content m the fluid pumped, pump speed of 500 rpm and lift of 4.5 m 
(14.8 ft). 

STATUS OF DEVELOPMENT AND USAGE - Commercial product used for sludge removal from lagoons 
located on mdustrlal premises. Application to hazardous material spills has not been documented. 

PERFORMANCE - No data were obtamed. 

AV AILABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Crisafulli Pump Company Inc. 
Crisafulli Drive 
P.O. Box 1051 
Glendive, MO 59330 
U.S.A. 
Telephone (406) 365-3393 
Contact: Mrs. M. Shipley 

OTHER DATA - None obtamed. 

Distributor: 

Charles R. Dow EqUipment 
P.O. Box 1777 
Brantford, Ontario 
Canada 
N3T 5T9 
Telephone (519) 752-3971 

(Other Distributors m Calgary and Regma.) 

References: Manufacturers' Literature; personal commUniCatIOn, Mr. D. Seborg, Crisafulli Pump Co. Inc. 
(July 23, 1982). 
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PRODUCT MUDCAT AUGER DREDGING UNIT No. 56 

APPLICABILITY Gas Liquid Sol1d 
Sol Fl Sk Sol Fl Sk 

* 

DESCRIPTION - A recovery device used for the removal of solid/particulate hazardous materials deposited m 
water. Consists of a catamaran barge equipped with an underwater auger, mounted along the base of a 
bulldozer-type blade, and a dlesel-dnven pump. The unit IS complete with pumps, wmch, mudshleld, hoses 
and offloadmg equipment. It IS not self-propelled but IS moved along on an anchored cable. 

Heater Pressu rlzer 

Discharge Pipe to Disposal 

OPERATING PRINCIPLE - The auger-l1ke cutting deVice IS rotated so that bottom sediments are collected 
and fed via an elongated suctIOn mtake to a centrifugal pump. From there the dredged matenal enters a 
float-supported pipeline through which It IS discharged for ultimate disposal ashore. The dredge mechanism 
IS controlled by a hydraul1c boom with the entire machme directed dunng each traverse of operation by 
bemg advanced along a steel cable. 

PHYSICAL SPECIFICATiONS -

General: Model Model Model 
SP 915 MC 915 SP 810 

Length (m) 12.0 12.0 7.8 
Width (m) 2.7 2.7 2.4 
Height (m) 2.6 2.6 2.7 
Weight (kg) 10433.0 9526.0 5534.0 
Draft (mm) 533.0 533.0 559.0 
Floatmg Clearance (m) 2.1 2.1 
Fuel Capaci ty (L) 

FlotatIOn: 

* Model SP 915, 
MC 915: 

* Model SP 810: 

1 363.0 1 363.0 379.0 

Pontoons - Two 914 mm x 813 mm x 10.1 m, constructed of 10 gauge H.R. Steel with 
mternal bulkheads and stiffeners; formed for ngldlty; polyurethane foam filled. 

Pontoons - Two 762 mm x 813 mm x 6.9 m; constructed of 12 gauge steel with mternal 
bulkheads and stiffeners; formed for ngldlty; polyurethane foam filled. 
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Cutter Assembly: Model Model Model 
SP 915 MC 915 SP 810 

Auger: 
Diameter (mm) 346 346 229 
Pitch (mm) 279 279 229 
Flighting (mm) 9.5 9.5 9.5 
Speed (rpm) Up to 100 Up to 100 Up to 140 

Cutter Kni ves 45 Detachable 45 Detachable 46 Detachable 
(Heat-Treated) Blades Blades Blades 

Cutter Bars 36 Detachable 36 Detachable 34 Detachable 
(Heat-Treated) Blades Blades Blades 

Auger Torque 1864 N-m 1864 N-m 452 N-m (nominal) 
791 N-m (peak) 

Mud Shield: (hydrauhcally adjustable) 

*" Model SP 915, MC 915: 483 mm x 2.7 m (19 In x 9 ft) 

*" Model SP 810: 356 mm x 2.4 m (14 In x 8 ft) 

Pump: Centnfugal Recessed Impeller 

Model Model Model 
SP 915 MC 915 SP 810 

Impeller Diameter (mm) 457 495 305 
SuctIOn Diameter (mm) 203 203 152 
Discharge Diameter (mm) 152 152 152 
Shaft Diameter (mm) 73 

Electncal Model Model Model 
System: SP 915 MC 915 SP 810 

Voltage 12V 12V 12V 
Alt. Output 65 Ampere 65 Ampere 42 Ampere 
Battenes 12V, 205 Ampere Hour, Parallel-Wired 
CircUits 2-Wlre System Full Ground 

Fmlsh: Polyurethane finish coat on corrosIOn inhibitive epoxy primer. 

OPERATING SPECIFICATIONS -

Working Model Model Model 
Capacity: SP 915 MC 915 SP 810 

Cut: Width (m) 2.7 2.7 2.ll-
Max. Depth (mm) 457 457 457 

Operating D~pth (max.-m) 4.6 4.6 3.0 

Model Model Model 
Engine: SP 915 MC 915 SP 810 

Detroit Detroit Detroit 
Diesel Diesel Diesel 4-53T 
6-71 RC 6-71 RC Model 5043-
175 bhp @ 228 bhp @ 8301 w/5A-60 
1 800 rpm 2100rpm Injectors 

160 bhp @ 
2 100 rpm 

Dnve: 

*" Model MC 915: Clutch-Manual, 356 mm (14 In) diameter DIsc and Pressure Plate ReductIOn-Gear 
RatiO 1.80/1 - Dnve Couplmg Flex Type 

*" Model SP 810: Engme - Direct Hydrauhc Dual Pump Drive 
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Model Model 
Pump: SP 915 MC 915 

CapaCIty 126.0 L/s @ 126.0 Lis @ 
1160 rpm 1160 rpm 
against against 
36 m head 55 m head 

Model MC 915 can remove up to 92 m3/h of matenal. 

Service Water Pump (Model MC 915 only) 

* Capacity: 4.7 Lis @ 2800 rpm 
* Pressure: 552 kPa 

PropulsIOn: Treble Sheave HydraulIc Winch 

Traverse Speed (m/mln) 

Average Cutting Speed 
(m/mln) 

Model 
SP 915 

15.2 

2.4 to 
3.7 

Model 
MC 915 

15.2 

2.4 to 
3.7 

Model 
SP 810 

76.0 Lis @ 
1700 rpm 
against 
35 m head 

Model 
SP 810 

6.4 

2.4 to 
3.7 

Traverse speed shown IS the maximum speed that can be achieved In a forward or reverse directIOn. 

STATUS OF DEVELOPMENT AND USAGE - Commercially avaIlable product with documented usage on the 
removal of bottom sediments from lagoons and settlIng ponds. 

PERFORMANCE - (Model SP 915 only) 

Removal of 5620 m 3 (l98 000 ft3) of sludge matenal In 49 hours from Crane and Company Paper Mills 
Effluent Lagoons. 

Removal of floating fibres and settled solIds to a depth of 4.1 m at the settling pond at Western Kraft 
CorporatIOn, Albany, OR. 

Removal of 4800 m 3 (J 70 000 ft3) of solIds In 48 hours and a total 5 070 000 L (l 340 000 U.S. gal) of 
reslurned settlings (consisting of latex particles, treated With alum and caustic) at the Dow Chemical 
Company pond In Dalton, Georgia. 

Not documented for Model MC 915 and SP 810 

A V AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: (Rental Available) 

Mud Cat DIVISIOn 
NatIOnal Car Rental 5ystems, Inc. 
15670 West Ten MIle, SUite 107 
Southfield, MI 48075 
U.S.A. 
Telephone (313) 557-4111 
Contact: Mr. D. Tillotson 

Dlstnct Sales Manager 

OTHER DATA - The Noyes Data CorporatIOn publIcation "Hazardous Chemical Spill Cleanup" edl ted by J.S. 
Robinson (1979) summanzes the findings of a U.S. EPA study "Removal and SeparatIOn of Spilled Hazardous 
Matenals from Impoundments" conducted by M.A. Nawrocki (EPA-600/2-76-245) and publIshed In 

September 1976: 
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The Mudcat dredge was found to be "effective In removing undesirable particulate matter from pond 
bottoms. In the course of tests made dUring this study, two significant observations were made. First, the 
Mudcat was shown to have a greater effICiency In the removal of sediment during a backward cut than In a 
forward cut. The explanatIOn given was that the mud shield was fully extended over the cuttmg auger m 
the backward direction and thus was more effective m decreasing the resuspenslOn of any bottom 
sediments mto the surroundmg water column. 

Secondly, the specific gravity of the spilled material had a deflntte effect on recovery efficiency. It was 
observed that as the specific gravity of the target material decreased, the material recovery rate 
decreased and resuspenslOn of the spilled matter mto the water body markedly mcreased. No reason was 
given for this phenomenon, but It IS surmised that lighter material IS more easily disturbed and, therefore, 
more readily resuspended. Principal advantages of the Mudcat: 

It IS compact and readily transportable by truck or air; 
It can be operated In confined and Isolated areas and In very shallow waters; 
It IS compatible In productIOn rate with an eXlstmg trailer-mounted treatment Unt t developed by the 
EPA; 
It would be readily available for lease from the NatIOnal Car Rental CorporatIOn and might be able to 
be activated on shorter notice than other dredges. 

Principal dIsadvantage of the Mudcat: 

"ItS size and productIOn capacity would limit It to small Jobs." 

References: Manufacturer's Literature 
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2.6 Removal from Water - Physical/Chemical Processes 

PRODUCT ACTIV A TED CARBON ADSORBER WATER PURIFICATION 5 YS TEM No. 57 

APPLICABILITY Gas Liquid Sohd 
Sol FISk Sol FISk 

* * * 

DESCRIPTION - A packed bed of activated carbon for the removal of dissolved organics from groundwater, 
wastewater, or hquld process streams. 

OPERATING PRINCIPLE - Contammants are physically adsorbed from contammated hquld flowmg through 
the packed bed. 

PHYSICAL SPECIFICATIONS - Pre-engmeered systems avatlable: 

Activated Carbon 
ReqUired: kg (lb) 
Diameter: m (ft) 
Height: m (ft, m) 

760 L (200 U.S. gal) 

270 (600) 
1.22(4) 
2.18 (7'2") 

Matenal of ConstructIOn: Stamless Steel. 
46 cm (18 m) manway. 
Ladder mounted on Side of vessel. 
Carbon steel support frame. 

Available Options: Transfer pumps and controls. 

3780 L (1000 U.S. gal) 

1360 (3000) 
1.68 (5.5) 
2.41 (7'11") 

Air stnppmg and coalescmg separation mterface. 
WmtenzatlOn (heat tapmg, msulatlOn). 
Mild steel-hned. 



OPERATING SPECIFICATIONS -

Flow Rate: L/mm 
(U.S. gpm) 

760 L (200 U.S. gal) 

38 
(10) 
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3780 L (1000 U.S. gal) 

189 
(50) 

Operatmg Pressure: kPa (abs) 103 103 
(psla) (15) (15) 

Operatmg Modes: Packed Bed (downflow) 
Backwash (downflow) 
In series or parallel with other units 

Capable of bulk carbon filling and removal. 

STATUS OF DEVELOPMENT AND USAGE - This unit IS commerCially available. It was conceived for the 
removal of dissolved gasolme from groundwater and traces of PCBs, colours and odours from discharge 
waters. 

PERFORMANCE - Typical activated carbon adsorptIOn efficiencies: 

Contammant Influent (ppb) 

Benzene 20 
Toluene 51 
Xylene 12 
PCBs 530 
ND = Non detectable = < 1/2 ppb 

Effluent (ppb) 

ND 
ND 
ND 
ND 

A V AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Oil Recovery Systems, Inc. 
299 Second Avenue 
Needham (Heights), MA 02194 
U.S.A. 
Telephone (617) 449-5222 

OTHER DATA - This activated carbon adsorber can be mterfaced with Oil Recovery Systems' Air Stnpper 
(see Entry No. 60 of this survey) or coalescer to create a complete water purificatIOn system. 

Reference: Oil Recovery Systems' "Techmcal Data Bulletm. Water PurifICatIOn Systems: Activated Carbon 
Adsorbers" (1983). 
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CONCEPT ACnV A TED CARBON APPLICA nON IN FLOWING STREAMS No. 58 

APPLICABILITY Gas Liquid Solld 
Sol Fl Sk Sol Fl Sk 

* * * * 

DESCRIPTION - A concept to remove hazardous materials spills from flowmg streams usmg activated carbon. 
Buoyant carbon may be deployed directly or, alternatively, a smkmg carbon may be used m a porous fabnc 
bag. 

OPERATING PRINCIPLE - Buoyant activated carbon IS applled directly to the stream where natural 
turbulence causes contact between the carbon and the matenal to be adsorbed. The carbon IS captured 
downstream by a boom and pumped as a slurry to a storage tank. 

The Sinking carbon IS enclosed In a porous fabnc bag ("tea bag") and dropped mto the contammated stream. 
The bag permits the contammated water to flow m, but IS of a suffiCiently small mesh to contam the 
carbon. 

Removal effiCiency IS highly dependent upon flow patterns and weather conditIOns (factors affectmg 
turbulence and contact of the carbon with the spill plume). It also depends on how soon followmg the spill 
the carbon IS applled. 

PHYSICAL SPECIFICATIONS -

The followmg data describe the materials used dUring Battelle-Northwest tests performed for the U.S. 
Environmental ProtectIOn Agency: 

Floatmg Carbon Technique: 12 x 40 mesh Nuchar 190 activated carbon (manufactured by Westvaco, 
Covington, V A) 

Carbon "Tea Bag" Technique: 12 x 40 mesh Flltrasorb (manufactured by Calgon, Pittsburgh, PA) packaged 
m stnps of four 58 cm 2 (9 m 2) pockets of a polyester monofilament screen 
cloth (manufactured by Kressllk Products Inc.). Space IS prOVided m each 
pocket to allow for enhanced flUidizatIOn of the carbon. 

OPERA TING SPECIFICATIONS - Floatmg carbon can be dispersed on the surface of the spill plume, pumped 
beneath the spill surface as a slurry or released from ballasted contamers from the bottom of the stream. 
Con Lamers conSidered for the latter method have been weighted plastiC bottles, unfired clay contamers, 
apd an Ice matnx Incorporated With gravel. 

Carbon "tea bags" have been attached to floats and allowed to contact the surface of the spill plume. 
(Welghtmg "tea bags" to the bottom of a contaminated stream was not investigated during the Battelle­
Northwest study). 

A steam stripper has proved useful for regeneratmg carbon "tea bags" contammated With hexone. 

STATUS OF DEVELOPMENT AND USAGE - Adsorbing hazardous materials from flowing streams has been 
investigated by the U.S. EPA throughout the 1970's. The technique has been tested on controlled test spills 
of an organophosphate pesticide and hexone. Use of the technique on an actual spill SituatIOn has not been 
documented. 

PERFORMANCE - Approximately 80% of 35 kg (78 Ib) of an emulSIfiable 011 solution of an organophosphate 
pesticide was removed from the water of a test stream through the use of 380 kg (835 Ib) of actlvlated 
carbon released by plastiC bottles from the bottom of the stream. 

Hexone (methyllsobutyl ketone) was removed from a test stream With approximately 50% effiCiency USing 
floatmg carbon In a weight ratio of 10:1 With hexone. Removal effiCiency was approXimately 20% usmg 
floating carbon tea bags. A general observation was that Wind blew floatmg carbon away from the plume 
of a spill rendering the carbon ineffective. 



143 

AVAILABILITY AND COMMERCIAL INFORMATION - More detailed informatIOn regarding in-SItu applIcatIOn 
of actIvated carbon to spIlls In waterways IS avaIlable through the report: 

U.S. EPA contact: Ira WIlder 
Joseph P. Lafornara 
Oil and Hazardous MaterIals SpIlls Branch 
IndustrIal EnvIronmental Research Laboratory-cl 
EdIson, NJ 08817 
Telephone (201) 321-6632 

W A 99352, In-SItu 
ProtectIOn Agency, 

OTHER DATA - An October 1981 report completed by Rockwell InternatIOnal concluded through mathematI­
cal modeling of phenol spIlls that free floating carbon treatment was more effective than buoyant packets 
("tea bags") or panels floating normal to the dIrection of the waterway. 

Reference: George R. SchneIder, Rockwell InternatIOnal, Removal of Water Soluble Hazardous Materials 
SpIlls from waterwa~s by ActIvated Carbon, U.S. EnvIronmental ProtectIOn Agency, Report No. 
EPA-600/S2-81-195 NTIS no. PB 82-103 813) (October, 1981). 

Also see "System for ApplicatIon of Slurried Carbon to Surface Waters" (Entry No. 64). 

Direct appitcatlOn of actIvated carbon to a spIll In an agitated statIOnary body of water has been proven 
successful by the Zimpro P.A.C.T. process descrIbed In SectIOn 5.3 of thIS survey. 
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PRODUCT ACTIVATED CARBON REGENERATOR No. 59 

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

APPLICABILITY Gas LiqUid Soltd 
Sol Fl Sk Sol Fl Sk 

* * * 

Note: This Unit regenerates soltd granular carbon. 

DESCRIPTION - Prototype. A self-contained, trader-mounted ur\Jt used to regenerate carbon which has 
adsorbed chemicals dUring a spill cleanup. The Unit consists of equipment to dry and regenerate the carbon 
as well as to exhaust gases. 

REGENERATED CARBON 

OPERA TING PRINCIPLE - Spent carbon IS drained of excess water and fed to the kdn. The carbon IS 
regenerated as It progresses through the direct-fired rotating kiln barrel. The regenerated carbon IS 
screened before reuse. Flue and adsorbate gases are ducted to a direct-fired incinerator. The exhaust 
from the incinerator IS then scrubbed prIOr to release to the atmosphere. Spent process water IS filtered 
and carbon treated prior to discharge. 

PHYSICAL SPECIFICATIONS -

Transport Vehicle 

Kiln 

Closed: 2.4 x 13.7 x 4.1 m (8 x 45 x 13 ft) Wide x long x high 
Open: 6.4 x 16.2 x 6.4 (21 x 53 x 21) Wide x long x high 
Capacity Payload: 27210 kg (59 937 lb) 

Rotating, direct-fired (propane) 
InsulatIOn: B&W kaowool; alumlna-slltca ceramic fiber 
Liners: Hot Corrosive SectIOns: Inconel-601 

"Mdder" ConditIOns: Stainless Steel (316 L/304 L) (83.5 U.S. gall 
80 U.S. gal) 

Barrel: 371 mm (14.5 In.) 1.0. x 3.9 m (13 ft) long sloped at 21 mm/m 

Feed Hopper: 0.6 m3 

InCinerator: Propane fired 
Firebox: 0.6 x 0.6 x 1.5 m (2 x 2 x 5 ft) Wide x high x long 

Scrubber: Spray tower: 406 mm dla. x 1.8 m high, (16 In x 6 ft) Inconel-625 
Sump: 380 L (100 U.S. gal); 316 L (83.5 U.S. gal) stainless steel 

Generator: Katoltght Diesel-Electric generator 74 KVA-240V-3PH (may also be operated on local supply 
when avatlable) 
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OPERATING SPECIFICATIONS -

45 kg (100 lb) dry/h of 40 mesh or larger granular carbon. 
ApproxImately 20 mmutes resIdence tIme at about lOOO°C (l&OO°F). 
75% of carbon's orlgmal adsorptIve capacIty IS restored wIth approxImately &0% bulk recovery of the 
carbon. 

STATUS OF DEVELOPMENT AND USAGE - Prototype. The mobile carbon regeneratIon Unit was scheduled to 
undergo InitIal shakedown and prellmmary testmg m 1982. No documented results of thIS testmg were 
available In June 1984. 

PERFORMANCE - Laboratory-scale tests performed for the EPA resulted m adsorptIve recovery rates for 
four representatIve chemIcals as follows: 

ChemICal 

DlChloromethane 
Dlethyleneglycodlethylether 
Benzenesulfonlc ACId 
Trls (2-monochloroethyl) phosphate 

AdsorptIve 
CapacIty 
Recovered 

99% 
87% 

100% 
100% 

A pilot run usmg spent carbon from a spill cleanup m Plams, VA, mdlcated satIsfactory regeneratIOn. 
Pollutants mcluded toxaphene (most prevalent) adrm, dIeldrin, heptachlor and chlordane. 

AVAILABILITY AND COMMERCIAL INFORMATION - The mobIle carbon regeneratmg Unit was developed 
for: 

MUnicIpal EnvIronmental Research Laboratory-CI 
U.S. EnvIronmental ProtectIon Agency 
EdIson, NJ 08817 
U.S.A. 
Telephone (201) 321-663~ 
Contact: Dr. J.E. Brugger 

by: MSA Research CorporatIon 
Evans CIty, PA 16033 
U.S.A. 
Telephone (412) 538-3510 
Contact: Mr. Gunther H. Gnwatz 

OTHER DATA - None obtamed. 

References: Juhola, A.J. and J.E. Brugger, MSA Research CorporatIon: "Pilot Study of ActIvated Carbon 
RegeneratIon", Proc. 1976 Nat. Conf. on Control of Hazardous Materials SpLils, pp. 219 - 224 
(1976). 

Gnwatz, G.H. and J.E. Brugger, MSA Research CorporatIOn: "ActIvated Carbon RegeneratIOn" 
Mobile FIeld-Use System, Proc. 1978 of Nat. Conf. on Control of Hazardous Materials Spills, pp. 
350 - 355 (1978). 
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PRODUCT AIR STRIPPING WATER PURIFICATION SYSTEM No. 60 

----------------------
APPLICABILITY Gas liqUid Solid 

Sol FISk Sol FISk 

-----------
-II- -II-

DESCRIPTION - The system consIsts of a vertIcal packed column WI th an aIr blower, motor, and controls for 
strIppIng petroleum hydrocarbons and chlorInated solvents from groundwater. 

OPERA TING PRINCIPLE ContamInated groundwater IS cascaded down through the packed column 
countercurrent to a hIgh flow of aIr from the blower at the bottom. EffIcIency of the system depends on 
packIng type and heIght, tower dIameter, and a correct alr-to-water ratIO. 

PHYSICAL SPECIFICATIONS - ("pre-engIneered" units) 

SIze 

0.6x3.7m(2xI2ft) 
0.9 x 4.3 m (3 x 14 ft) 
1.2 x 4.3 m (4 x 14 ft) 
1.8 x 6.1 m (6 x 20 ft) 

Flow Rate 

94.6 to 454 L/mIn (25 to 120 U.S. gpm) 
379 to 1060 L/mIn (100 to 280 U.S. gpm) 
946 to 1893 L/mIn (250 to 500 U.S. gpm) 
1703 to 3785 L/mIn (450 to 1000 U.S. gpm) 

Blower RatIng 

0.47 m3/s ( 1 000 cfm) 
1.89 m3/s ( 4000 cfm) 
4.72 m3/s (10 000 cfm) 
9.44 m 3Js (20 000 cfm) 

Material of ConstructIOn: corrOSIOn-reSIstant FRP (Fiberglass Re-Inforced PlastiC) 
HIgh-low water probes 
Mist eltmInator 
AvaIlable OptIOns: - AutomatIc controls 

StaInless steel construction 
WInterizatIOn (heat tape, Insulation) 
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OPERATING SPECIFICATIONS -

Water and aIr flow are Independently adjustable. 
GravIty output (optIOnal pumped dIscharge). 
ContInuous operatIon. 
MaxImum water flow IS 3785 L/mIn (1000 U.S. gpm). 

STATUS OF DEVELOPMENT AND USAGE - CommercIally avaIlable. In general use In the petrochemIcal 
Industry. 

PERFORMANCE - TypICal aIr strippIng system effIcIencIes: 

ContamInant 
GasolIne Benzene 

Toluene 
Xylene 

TrIchloroethylene 
1,2 DIChloroethylene 
See also Other Data 

Influent (ppb) 
385 

1800 
260 
650 

1200 

Effluent (ppb) 
16 
75 
II 
6.3 
7.4 

AV AILABILlTY AND COMMERCIAL INFORMA TlON -

Manufacturer: 

OIl Recovery Systems, Inc. 
299 Second A venue 
Needham (HeIghts), MA 02194 
U.S.A. 
Telephone (617) 449-5222 
Contact: Mr. Andrew Segal 

Removal (96) 
96 
96 
96 

>96 
>96 

OTHER DATA - ThIS aIr strIPPIng system can be Interfaced wIth 011 Recovery Systems' ActIvated Carbon 
Adsorber (see Entry No. 57) or coalescer to create a complete water pUrIfIcatIOn system. 

OJ! Recovery Systems, Inc. IS capable of feasIbIlIty studIes to size a system by runnIng samples through a 
lab-scale strIpper or an on-sIte pIlot UnIt. 

* Key parameters to the effectIve use of thIS system Include aIr and water temperature; hIghly volatIle 
compounds WIth low solubIlIty In water are most easIly stripped. Hlgher-than-optlmum water levels 
depress contamInant removal whIle too much aIr may cause channellIng and Increase costs. 

Reference: Recovery Systems Inc., "TechnIcal Data BulletIn, Water PUrIfIcatIOn Systems: AIr StrippIng" 
(J 983). 
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CONCEPT APPARATUS FOR CHEMICAL DECONTAMINATION OF WATER No. 61 

APPLICABILITY Gas Liquid Solid 
Sol FISk Sol FISk 

* * * 

DESCRIPTION - Concept. An apparatus for chemical decontaminatIOn of groundwater contaminated with 
organic materials. Apparatus can be fixed m place or be mobile and operate continuously or 
intermittently. 

OPERATING PRINCIPLE - The apparatus Withdraws groundwater for treatment With at least one strong 
OXidiZing agent and/or bacteriCide; degasses the water; and recharges It to the Withdrawal site. 

PHYSICAL SPECIFICATIONS - Not obtamed. 

OPERATING SPECIFICATIONS - The waste water IS treated With ozone or chlorine gas. Can treat water 
contaminated With aliphatiC or aromatic hydrocarbons, pestiCides, herbiCides, fungiCides and phosphorus 
compounds. The treated water can be recharged to the land by sprinkling; and/or feeding the aqueous 
mixture to and/or Into the earth strata. 

STATUS OF DEVELOPMENT AND USAGE - Patented concept. No indicatIOn obtained of development beyond 
a preliminary evaluatIOn phase; usage on spills of hazardous material spills not documented. 

PERFORMANCE - Testing was conducted on treating three wells With thiS apparatus; the results were: 

Average Wlthdrawl 
Average Number of Bacteria 
Average Bacteria Growth 

Case 1: Well "5" 
Before Treatment 

60 m3/h (water) 
240/mL 
38/100 mL 

After Treatment 

60 m3/h (water) 
2/mL 
14/100 mL 

For Well "5", 10 m3/h of water Withdrawn charged With 0.6 g/m3 of ozone, degassed and returned to site. 

Oxygen ConcentratIOn 
Degree of SaturatIOn 

Case 2: Well "E" 
Before Treatment 

1.9g/m3 
18.2% 

After Treatment 

5.1 g/m3 
50.9% 

Well had water supplymg capacity of 72 m3/h, about 10% was Withdrawn, charged With 0.2 to 0.3 g/m3 of 
ozone, and returned to earth source; treatment was continued for 4 months for" After Treatment" values. 

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

Concentration of hydro­
carbons In the water 
bearing ground layer 

Case 3: Well "0" 
Before Treatment 

170 g/ton 
of the earth region 

After Treatment 

3.5 g/ton 
of the earth regIOn 

For Well "0", 12 m 3/h water was charged With 0.8 g/m3 of ozone for 3 months. 

AVAILABILITY AND COMMERCIAL INFORMATION - Aquatechnlque Sierre S.A., ChIPPIS, SWitzerland 

OTHER DATA - ThIS apparatus IS the patented inventIOn of E. Forte and H. Schulthess of Sierre SWitzerland, 
and IS aSSigned to the Aquatechnlque Sierre S.A. Note that long-term treatment of several months 
duratIon IS reqUired for the successful application of thiS approach. 

Reference: U.S. Patent 4 167973 
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-------- -- ----------- ------------------------
PRODUCT CALGON MOBILE ~ A TER TREA TMENT UNIT No. 62 

APPLICABILITY Gas liquid Solid 
Sol FI Sk Sol FI Sk 

* * * 

DESCRIPTION - A trailer-mounted carbon adsorptIOn system for removal of dissolved organic wastes from 
water at spill sites or industrial lagoons. 

OPERATING PRINCIPLE - Once Influent piping and pumping are 1I1stalled, the wastewater IS passed through 
beds of activated carbon which adsorb dissolved organics. Effluent lines carry the treated water to the 
desired POint of discharge. Exhausted carbon can be replenished with fresh carbon delivery by speCial 
Calgon trucks. 

PHYSICAL SPECIFICATIONS -

System consists of single or multiple pre-piped adsorber vessels. 
Adsorber vessel contains approxilnately 10 tons of granular activated carbon. 
Two grades of granular activated carbon available: Filtrasorb 300 and 400. 
Filtrasorb 300 and 400 packaged In: 4-ply polyethylene reinforced kraft bags, 27 kg (60 Ib), I-ton bulk 
packs, or bulk shipped by rail or truck. 

OPERA TING SPECIFICA nONS - Organics that are removed from water by the Filtrasorb carbon units are: 

organic chermcals that are adsorbed well, I.e., dyes, phenolics, pesticides and PCBs; 
general classes of aromatics, esters, ethers and ketones; and 
non-polar compounds with more than four carbon atoms. 

Used In the removal of organically complexed heavy metals in an effluent lagoon. Removes refactory 
organic chemicals not responsive to bIOlogical treatment. 

Removal of organic compounds in high or low concentratIOns. 

Used In emptYing lagoons to aVOid overflows, seepage Into groundwater or pOIsoning of bIOlogical treatment 
systems. 
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Flltrasorb 300 and 400: 

Carbon has a total surface area of approximately 950 to 1050 m 2/g 
Volume and settled bulk density of Filtrasorb In system utiliZing backwash procedures: 
Filtrasorb 300: 416 to 432 kg/m-3 
Filtrasorb 400: 400 to 416 kg/m-3 

Filtrasorb specificatIOns: 

Filtrasorb 300 Filtrasorb 400 

Iodine Number (min) 
AbrasIOn Number (min) 
MOisture (max) 
Mean Particle Diameter (mm) 
Effective Size (mm) 
Water Soluble Ash (max) 
U.S. Standard Series Sieve Size: 

Larger than No.8 (max) 
Smaller than No. 30 (max) 
Larger than No. 12 (max) 
Smaller than No. 40 (max) 

900 
75 

2.0% 
1.5 to 1.7 
0.8 to 0.9 
0.5% 

15% 
4% 

1000 
75 

2.0% 
0.9 to 1.1 
0.55 to 0.65 
0.5% 

5% 
4% 

STATUS OF DEVELOPMENT AND USAGE - Calgon Mobile Treatment UnIts are available on a lease baSIS 
through a 24-hour emergency phone number (412) 777-8000 for response to organIc chemical spills. 

PERFORMANCE - Calgon's Mobile Treatment System was used to treat groundwater contarmnated With 
methylene chlorIde and 1,1, I-trichloroethane at the site of a truck aCCident near Sault Ste. MarIe, 
Michigan, U.S.A., In the Winter of 1980. Groundwater collecting In a shallow lagoon fed by 20 Interceptor 
trenches around the spill site was pumped at 38 L/mIn (10 U.S. gpm) through the adsorbers on a continuous, 
24 h/day baSIS. After one month of operation, the system achieved less than I ppb of each of the spilled 
chemicals In the treated effluent, well Within government standards of 2.0 ppb for methyl chlOrIde and 5.3 
ppm for 1,1, I-trIchloroethane. Proper cleanup of the site was necessary to prevent contaminatIOn of a 
nearby creek which feeds the St. Mary's River and which flows In turn Into Lake SuperIor. 

AVAILABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Calgon EnVironmental Systems DIVISIOn 
Calgon Corporation 
Box 1346 
Pittsburgh, PA 15230 
U.S.A. 
Telephone (412) 923-2345 

Distributor: 

Calgon Canada 
27 Finley Rd. 
Bramalea, OntarIO 
Canada 
L6T IB2 
Telephone (416) 457-5310 

Other offices In Montreal, Regina, Edmonton and Vancouver. 

OTHER DATA - Calgon dispatches ItS mobile UnIts from Pittsburgh or Houston With personnel to supervise 
connection and start-up and perform laboratory analyses In trallered faCilities. 

Consult trade Journals such as Thomcat (U.S.A.) or Fraser's (Canada) for supplIers of activated carbon. 
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PRODUCT CARB TROL ADSORPTION CANIS TERS No. 63 

APPLICABILITY Gas Liquid Sohd 
Sol FI Sk Sol FI Sk 

DESCRIPTION - Carbtrol adsorptIOn canisters are pre-engineered activated carbon columns for treating low 
flows of hqulds. (Slmtlar canisters are avatlable for treating vent gases. See "OTHER DATA".) 

8 
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OPERATING PRINCIPLE - Liquids contaminated with organics are percolated up through activated carbon 
contained In an appropriately designed steel drum. 

PHYSICAL SPECIFICATIONS -

Canisters: Epoxy-lined carbon steel drums fitted with chemically Inert Internal distributIOn and 
collectIOn systems. 

'vIodel L-l: Diameter cm (In) 
Height cm (In) 
ShiPPing Weight kg (Jb) 
Media Volume L (ft3) 
Inlet (top) mm (10) 
Outlet (top) mm (In) 

61 (24) 
86 (34) 

109 (240) 
218 (7.7) 

25 (l) 
25 (J) 

Activated Carbon: 68 to 91 kg (150 to 200 Ib) of custom selected activated carbon for the specific 
organics to be treated. 

oPERATING SPECIFICATIONS -

Capacity: up to 1.6 Lis (25 U.S. gpm) 
Operating Temperature: up to 93°C (200°F) 
Operating Pressure: up to 101.3 kPa gauge (15 pSlg) 
Exhausted canisters can be transported "as IS" (U.S. D.O.T. approved container for hazardous waste) to a 
chemical landftll or incinerator for disposal. 
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STATUS OF DEVELOPMENT AND USAGE - Commercially avaliable for removal of organics from surface and 
groundwater; wastewater treatment; and product pUrificatIOn. TYPical contaminants removed by the 
Carbtrol Adsorption Canisters Include: 

Hydrocarbons 
Solvents 
Amlnes 
Aldehydes 
PCBs 
Pesticides 

PERFORMANCE - Not documented for use In response to hazardous material splils. 

AV AILABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

IPC Systems, Inc. 
39 Riverside Avenue 
Westport, CT 06880 
U.S.A. 
Telephone (203) 226-5642 

OTHER DATA - Simliar Carbtrol canisters are avaliable for low flows (up to 28 m3/mln (1000 CFM» of 
storage tank vent gases, reactor exhausts, fume hood exhausts, etc. (Model G-l IS $475 U.S. F.O.B. 
Westport, CT, December 1983). Calgon also markets VENTSORB canisters for industrial air pUrificatIOn 
applicatIOns. For more informatIOn contact: 

Calgon Corporation 
Activated Carbon DIvIsIOn 
Calgon Center 
Box 1346 
Pittsburg, PA 15230 
U.S.A. 
Telephone (412) 777-8000 

Reference: Manufacturer's Literature 

In Canada: Calgon Canada 
27 Finley Road 
Bramalea, Ontario 
L6T IB2 
Telephone (416) 457-5310 
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PRODUCT DEMCO HYDROCYCLONES No. 64 

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol Fl Sk 

* 

DESCRIPTION - A venturi effect IS created within a cone to remove particulate matter from a flUId stream. 

OPERATING PRINCIPLE - Suspended solids are separated from the flUId by centrifugal force caused by 
rotation of the fluid In the cone assembly; heavier particles settle to the bottom of the cone while the 
lighter, clarified effluent moves toward the centre vortex where It escapes through an overflow outlet. 

PHYSICAL SPECIFICA nONS -

Materials: Liners, O-rings, seal, ball valve (portIOn): Buna N 
Ball Valve: Bronze 
Silt Pot Body: Steel 
Inlet, Vortex Fmder, Cone for Silt Pot: Ductile Iron 
All other components are stainless steel 

DimensIOns: Cone: Height = 522 mm (20.5 In) 
Maximum Width (mcludes Inlet) = 225 mm (9 In) 
Weight = 22.7 kg (50 lb) 

Silt Pot: Height = 552 mm (20.5 In) 

OPERA nNG SPECIFICA nONS - Optimum pressure range corresponds to a flow rate of 26.5 to 34 Lis (7 to 9 
U.S. gal). 

STATUS OF DEVELOPMENT AND USAGE - Commercial product designed for separation of particulates from 
liqUids. Usage on hazardous material spills not documented. 

PERFORMANCE - Tests on Simulated hazardous materials performed for the U.S. EPA gave the follOWing 
removal effiCIenCIes: 

Material 
Iron Powder 
Glass Beads 
Iron Filings 
Coal 

% Removal 
42.9 
87.8 
83.8 
55.2 

The hydrocyclones were part of a complete system including a Mudcat dredge. 
Testing was conducted on latex and nroved unsuccessful. It was concluded that hydrocyclones would only 
be appropriate for removal of contaminants held on particles of sand size (74 11 m) or larger. 

AV AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Demco Incorporated 
845 S.E. 29th Street 
P.O. Box 94700 
Oklahoma City, OK 73143 
U.S.A. 
Telephone (405) 631-1321 

Dlstr Ibutor: 

Demco Incorporated 
9835-42 Avenue 
Edmonton, Alberta 
Canada 
T6E 5M7 
Telephone (403) 463-3313 

OTHER DATA - Umts available m other sizes. SpeCificatIOns prOVided only for those Items used In EPA 
tests. The venturi effect of the hydrocyclone IS unlikely to produce a pronounced separation of ~ 
contaminants from water particularly for those substances with a specific gravity approximating 1. 

References: L.B. Solsberg, A Catalogue of 011 Skimmers, Report EPS 3-EP-83-1, EnVironment Canada, 
Ottawa, Ontano, September, 1983, pp. 34-39 (Cyclonet 050, 100 and S). 

oundment 
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SYSTEM FOR APPLICATION OF SLURRIED CARBON 
TO SURFACE WATERS 

Gas LiqUid Solid 
Sol FISk Sol Fl Sk 

* * 

No. 65 

Note: LJqulds which sink In water could be treated in-Situ by activated carbon If sufficient turbulence 
and mixing are provided. 

DESCRIPTION - Prototype system utilizing a slurried buoyant activated carbon for applicatIOn Into a 
contaminated, statIC body of water; components Include pumps, Jet-slurrler surge tank, carbon binS. 

OPERATING PRINCIPLE - Water IS pumped Into a Jet-slurrler where the carbon and water are mixed. The 
slurry enters a surge tank for flow equalizatIOn and IS pumped Into the contaminated water. Spent carbon 
IS retrieved with an oil boom. 

PHYSICAL SPECIFICATIONS -

Carbon Hopper/Tote Bin 

DimenSIOns: 1100 x 1200 x 2100 mm (42 x 48 x 83 In) wide x deep x high 
ConstructIOn: Aluminum 
Certified watertight 
CapaCIty: 2040 L (539 U.S. gal) 
Valve: Butterfly, butyl rubber, remote operatIOn 
"Tote Systems Incorporated" 

Jet-Slurrler - "Hail burton" - 150 mm (6 In) diameter connectIOn to tote bin 

Pumps - High Pressure Water Feed: Marlow 63 mm (2.5 In) fire pump. Slurry Pump: Hydrornatlc 76 mm 
(3 In) self-priming trash pump 

Surge Tank - DimenSIOns: 3 x 3 x 3 m (9.8 x 9.8 x 9.8 ft). Capacity 758 L (200 U.S. gal) 

OPERATING SPECIFICATIONS - Not documented. 

STATUS OF DEVELOPMENT AND USAGE - A prototype has been developed and tested for the U.S. EPA. 

PERFORMANCE - Testmg completed for the U.S. EPA indicated a 98% recovery of Dlazlnon. 

AV AIL ABILITY AND COMMERCIAL INFORMATION -

Contractor: 

Battelle PacifiC Northwest Laboratories 
Richland, W A 99352 
U.S.A. 
Contact: Mr. G.W. Dawson 

Mr. J.A. McNeese 
Mr. J.A. Coates 

Sponsoring Agency: 

Industrial EnVironmental Research Laboratory 
Office of Research and Development 
U.S. EPA 
Clnclnnatl,OH 45268 
U.S.A. 
Contact: Mr. J.P. Lafornara, U.S. EPA 
Edison, NJ 08817 

OTHER DATA - See "AppILcatlOn of Activated Carbon In FlOWing Streams" (Entry No. 58). 

Reference: Dawson, G.W., J.A. McNeese, and J.A. Coates, Battelle PacifiC Northwest Labs: ApplicatIOn of 
Buoyant Mass Transfer Media to Hazardous Material Spills, EPA 600/2-80-078 (May, 1980). 
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PROTOTYPE DYNACTOR No. 66 

APPLICABILITY Gas LIqUId SolId 
Sol FI Sk Sol FI Sk 

* * * 

DESCRIPTION - A self-contained, self-powered trailer equipped with a dynactor (reactIOn vessel), process 
pumps, reagent storage, reagent feed equIpment (It qUId or powder), settlIng system and chemical analysIs 
bench for treating contaminated waters at a spill sIte. 

DYNACTOR EXTENDED FOR OPERATION 

LAMELLAR HIGH RATE SETTLING COLUMNS 

/ 

REAGENT SUPPLY TANKS HIGH RATE SETTLER PUMPS 

OPERATING PRINCIPLE - PrImarIly a spray tower where contaminated water IS atomIzed at the top of a 
column and Intllnately contacted wIth a treating agent (lIqUId or solId). ChemIcal equilIbrIum IS reached as 
the mixture falls Into a holding reservoIr, from which the contaminant and treated water are separated 
through a series of settlers. 

PHYSICAL SPECIFICATIONS -

Trader: 

Length: 13.7 m (4-5 ft) 
HeIght (In operatIon): 7.9 m (26 ft) 

ReserVOIr: Aluminum constructIOn coated wIth coal tar epoxy. 
ReactIon Column and Return Duct: FIberglass-reinforced neoprene rubber. 
Dynactor nozzle fed by stainless steel tubing. 

Generator: 

125 kV A; dIesel-electrIc 
Fuel tanks contain enough fuel for 4-8 hours operatIOn. 

Pumps: 

Low pressure submersIble for lowermg Into the spill Itself; portable; 5 hp 
Dynactor motIve pump; 1379 kPa nozzle pressure "FIre Engme Pumper" pump; 50 hpj 15.8 Lis. 

ChemIcal Feed: 

Power Feed: ConsIsts of hopper, auger and flUidizIng system. 
LIqUId Feed: Vanable speed chemIcal pump to delIver reagents to the suctIon sIde of the Dynactor 
pump. 
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Settlers: 10 high rate lamellar settling columns; 762 mm (30 In) square; 3.7 m (12 ft) high; stainless steel; 
each column has separate 1.6 Lis centrifugal pump. 

Chemical Bench: Equipped with equipment appropriate to the spill. 

OPERATING SPECIFICATIONS - The Dynactor System has been designed to process up to 15.8 Lis of 
contaminated liqUid. 

STATUS OF DEVELOPMENT AND USAGE - The Dynactor System was used to remove and detoxify creosote 
deposits from the bed of the Little Menomee River In Wisconsin under EPA Contract 68-03-0181. 

PERFORMANCE - Tests at laboratory scale performed for the U.S. EPA found the Dynactor could 
successfully detoxify waters contaminated with the follOWing: 

ACids 
Bases 
Phenol 

Aliphatic and Aromatic Hydrocarbons, ChlOrine 
Cyclic and Acrylic Pesticides 

DecontaminatIOn was achieved by one or more of the follOWing processes: 

OXidation 
NeutralizatIOn 
PrecIpitatIOn 
AdsorptIOn on Activated Carbon 

(A magnetic separator was necessary to separate precipitates and flocculated carbon.) 

AVAILABILITY AND COMMERCIAL INFORMATION - The Dynactor was engineered and constructed for: 

MUnlclpal EnVIronmental Research Laboratory 
U.S. EnVironmental Protection Agency 
Edison, NJ 08817 
U.S.A. 
Telephone (201) 321-6635 
Contact: Mr. I. Wilder 

OTHER DATA - The system IS under evaluatIOn by U.S. EPA for application to gaseous materIals. 

References: 

Sanders, R.G., RiCh, S.R. and Pantazelos, T.G., Industrial BIO. Test LaboratOries, Inc. and R.P. 
Industries Inc.: "A Mobile Physical-Chemical Treatment System for Hazardous Material 
Contaminated Waters" Proc. 1976 Nat. cont. on Control of Hazardous Materials Spills, pp. 412 -
415 (1976). 
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PRODUCT EPA/MET-PRO INDEPENDENT PHYSICAL/CHEMICAL WASTE­
WATER TREATMENT SYSTEM 

---------------
APPLICABILITY Gas LiqUid Solid 

Sol Fl Sk Sol FISk 

-----------------------
* * * * 1(- 1(-

Wastewaters containing liquid and suspended solid contaminants. 

No. 67 

DESCRIPTION - A mobile wastewater treatment process comprised of skid-mounted pumps, piping and vessels 
for long-term treatment of wastewater through neutralizatlOn, flocculatlOn, sedimentatlOn, carbon 
adsorptlOn, filtratlOn and diSinfectlOn. 

Flash mix Tank 
Air Blower 

Sludge Pump 

OPERA TING PRINCIPLE - Coagulant and other chemicals are added to the influent through a flash-mix tank. 
Solids separation follows in a flocculatlOn tank and clarifier. Dissolved orgamcs are then removed in two 
activated carbon columns; the effluent produced is finally polished in a pressure filter and diSinfected in a 
chlorine tank. 

PHYSICAL SPECIFICATIONS - Model 12050 has been modified by the U.S. EPA to enhance itS mobllity and 
provide for a variety of treatment flow patterns for testing purposes (Beechgrove DemonstratlOn ProJect). 

Skids 
Shippmg 
Data 

Length m (ft) 
Width m (ft) 
Height m (ft) 
Weight: 

Dry kg (I b) 
Operating kg (Jb) 

FlocculatlOn­
ClarIfier 

4.6 (15) 
3.0 (10) 
3.1 (10.1) 

5 500 (12 000) 
24 000 (53 000) 

Adsorber­
Filter 

7.5 (24.75) 
3.0 (10) 
2.7 (8.75) 

7 800 (17 000) 
20 000 (45 000) 

Skids constructed of 152 mm (6 in) weld-fused 23 kg/m (15.5 Ib/ft) I beams and 4.8 mm (3/16 in) plate. 



Pumps and Blowers 

Sludge Pump: 

LIme Slurry Feeder: 

ACId Feed Pump: 

Backwash Pumps: 
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Moyno IL4CDQ; I hp electric motor; 2.2 L/s (35 U.S. gpm) @ 69 kPa gauge (10 
pSlg) 

Wallace and Tlernam metermg pump, senes 44, model 44-313; up to 79 L/h (20.8 
U.S. gph) 

PrecIsIOn Control Products Model 9721-21; 1/4 hp electric motor; 1.9 to 19 L/h 
(0.5 to 5 U.S. gph) 

for Downflow Carbon Column: Ingersol Rand Model 1-1/2 x 1-1/4 x 3 hp; up to 7.9 L/s @ 
15.2 TDH (125 U.S. gpm @ 50 ft TDH) 

for Pressure FIlter: same as above; up to 5 Lis @ 24.4 m TDH (80 U.S. gpm @ 80 ft TDH). 

Booster Pumps: Ingersol Rand Model 1-1/4 x 3/4; 1-1/2 hp; good for 2.2 L/s @ 24.4 m TDH (35 
U.S. gpm @ 80 ft) 

Pressure FIlter Pump: same as Booster Pump 
AeratIOn Blower: Gast Model 1022; 3/4 hp 

Tankage 

DIameter HeIght Volume ResIdence Time 
UnIt mm (m) mm (m) L (U.S.G) (mm) 

Flash MIX 508 (20) 1219(48) 246 (65) 1.9 
FlocculatIOn 1219 x 1219 sq (48 x 48) 1448 (57) 2157 (570) 16.2 
Clanfler 3048 (120) 2438 (96) 17827 (4710) 135 
ACId MIX 559 (22) 914 (36) 284 (75) 2.2 
Upflow Adsorber 1219(48) 2438 (96) 2861 (756) 21.6 
Downflow Adsorber 1219 (48) 2438 (96) 2861 (756) 21.6 
Pressure FIlter 914 (36) 1524 (60) a a 
Surge Tank 914(36) 2438 (96) 1605 (424) 12 
Chlorme Contact 1524 (60) 2438 (96) 4459 (1178) 33.6 
ChemIcal Feed 610 (24) 1219(48) 356 (94) b 
LIme Slurry 1219(48) 1219(48) 1363 (360) b 

"a" denotes 3.36 Llm2s (4.95 U.S. gpm/ft2) 
"b" denotes I 1/2 days storage - usually 

Piping, Fittings 

PVC Schedule 40 where socket-welded and Schedule 80 where threaded. AIr lInes are black steel Schedule 
40 wIth malleable Iron flttmgs, 68 kg (150 pound) ratmg. 

Flanges and/or unIOns are provIded at termmal pomts for easy hookup of fIeld connectIons. 

UnIons and/or flanges are posItIOned at the suctIOn and dIscharge of pumps, motorIzed valves, and other 
deVIces that may need to be removed from the Ime for mamtenance or replacement so that the mInImum 
of work WIll be necessary. 

Plpelmes that carry raw sewage or sludge are provIded wIth a number of plugged clean out ports m 
strategIc posItIOns. 

LIme slurry lInes are fleXIble hose wIth Evertlte qUIck dIsconnects for rapId clean out as per Met-Pro 
standard lIme slurry feedIng system. 

Overflow POInts are provIded on the plant In case of system backup In strategIc locatIOns. 

Block Valves 

Valves are gate or ball bronze body In non-corrosIve areas and PVC ball valve In corrosIve areas. Valves 
are posItIOned at a tank where f100dmg could result If pIpIng were detached for any reason. GravIty flow 
Imes do not Include valves. 
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Valves are positIOned on suctIOn and discharge of pumps where flood 109 could be caused due to removal of 
pumps from the llOe. 

Control Valves 

Sludge dlverter valve - QCI-L (or equal) 3-way rotor valve, full port, ball valve With Ramcon 25 BR 
actuator. Valve bronze With Teflon seats. 

Air dlverter valve - QCI-L 1.9 cm 0/4 m) NPT 3-way rotor valve reduced port With Ramcon 8BR actuator, 
115/1/60 bronze body With Teflon seats. 

Dole valve (or Griswold) 40 GH good for 15l L/mlO (40 GPM) for adsorber flow and pressure filter flow. 

Griswold flow control valve, Model 12 (PVC construction screwed ends) flow control valve good for 43 
L/mm (125 GPM) flow, 5.1 cm (210) pipe size for adsorber backwash. 

Griswold flow control valve, Model 12 PVC constructIOn, 5.1 cm (2 In) screwed connectIOns. Flow 265 
L/mm (70 GPM) for pressure filter backwash. 

Carbon Transfer System 

Met-Pro standard carbon transfer system, complete With eductor, flexible hose, qUick disconnects, 
flUldlzlOg water control and related accessories. Transfer to be at a rate not to exceed 8.1 kg (18 pounds) 
(dry baSIS) per mmute of carbon m a slurry of 0.9 kg/3.8 L (2Ib/gal) of water. 

Controls and Instruments 

WestlOghouse Components: 

Selector sWitch With legend plate, motor starters With thermal overload, circuit breakers, transformers 
240/120 V AC, termmal blocks as per NatIOnal ElectriC Code. 

Timers: 

Automatic Tlmmg and Controls, Inc. - backwash and sludge recycle. 

Paragon - 2l;.-hour time clock for programmed backwash of up to 8 backwashes per day. 

pH Analyzer/Controller - Leeds & Northrup pH receiver, range 2-12 pH complete two (2) alarms (high and 
low) SPST contacts rated at 120 volts AC 5 amps (from stock). 

pH Mounting and Electrode - automatic temperature compensated. 

Cable - SIX conductor, 3 m (10 tt). 

Agitators: 

Flash mix agitator - Llghtnln Model NC-4, 1/4 hp, 240/3/60 TE, 1750 rpm. 

FlocculatIOn agitator - LJghtmn Model NP-2AVM, 240/smgle phase/60 TE, 3/4 hp, 1750 rpm mput, 20 to 350 
rpm output. 

Lime feed agitator - Llghtmn Model ND-2 With 1/2 hp, 1750 rpm, 240/3/60 motor TE. 

ACid mix agitator - Llghtmn Model NC-4, 1/4 hp, 240/3/60 TE motor, 1750 rpm. 

ACid feed tank agitator - Neptune B1.0, 115/1/60 TE, 1750 rpm. 

Sludge rake drive - Wmsmlth 5MCVTW, 1/4 hp, 240/3/60 TE, 3 rpm. 

Also reqUired: 1 800 kg (4 000 Ib) Gravel 
300 kg ( 700 Ib) Sand 
270 kg ( 600 Ib) AnthraCite 

1 200 kg (2 600 Ib) Activated Carbon 

Sodium Hydroxide 
FerriC Sulphate 
CalcIUm Hypochlorite 
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OPERATING SPECIFICATIONS - An additIOnal equaltzatlOn tank ahead of the Influent pump may be required 
to minimize flow fluctuations of the Incolrung wastewater. All operations, except the additIOn of 
chemicals and treating agents, are automatically controlled so that an operator IS required for chemical 
makeup, sludge disposal and general mechanical maintenance. 

DeSign Capacity: 189 m3/day (50 000 U.S. g/day) of Model 12050. 

Other Met-Pro IPC Units are available: 

---- ------------ --------- - ~ - ------- - -- ~----------------
Unit Capacity Space Req'd No. of Total Power Shipping Weight 

m 3/day (U.S. g/day) m 2 (ft 2) Skids Req'd (hp) kg (lb) 
-------- ---------- ----- -------------- - --- ------ -- -- -------- ----

19 (5 000) 11. 1 ( 120) 1 8 5 000 
38 (10 000) 13.0 (14-0) 1 9 5 500 
57 (15 000) 13.0 (14-0) 1 10 6 4-00 
95 (25 000) 19.0 (205) 1 14- 8 64-0 

136 (35 000) 19.5 (210) 1 15 9 100 
190 (50 000) 32.5 (350) 2 19 10 500 
280 (75 000) 38.5 (4-15) 2 25 12 300 
380 (100 000) 53.9 (580) 4- 28 16 800 
570 (150 000) 67.4- ( 725) 4- 36 21 4-00 
100 (300 000) 134-.7 (1 4-50) 8 62 38 200 

-----~---------- - ------ -- --- ------------------

STATUS OF DEVELOPMENT AND USAGE - Commercially available from Met-Pro for small cOmmUnities, 
recreatIOnal areas, schools, Industry, constructIOn sites, pdot plants - where very long-term wastewater 
treatment IS required. A study (Beechgrove Demonstration ProJect) IS being conducted (1984-) by the U.S. 
EnVironmental ProtectIOn Agency uSing the Met-Pro Model IPC 12050. 

PERFORMANCE - Performance data pertaining to the Beechgrove DemonstratIOn Project could not be 
obtained. 

AV AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Met-Pro Corporation 
Systems DIVISion 
167 Cassell, Box 14-4-
Harleysville, PA 194-38 
U.S.A. 
Telephone (215) 723-6751 

ModificatIOn and testing of the Model 12050 are being performed by the EnVironmental Emergency 
Response Unit of the U.S. EPA. 

For further informatIOn on EERU activities and capabllttles, contact: 

James J. Yezzl, Jr. 
Oil and Hazardous Matenals Sptlls Branch 
MUniCipal EnVironmental Research 
Laboratory 
U.S. EnVironmental ProtectIOn Agency 
Edison, NJ 08837 
U.S.A. 
Telephone (201) 321-6703 

or J. Stephen Dorrler, Chief 
EnVironmental Response Team 
U.S. EnVironmental ProtectIOn 
Agency 
Edison, NJ 08837 
U.S.A. 
Telephone (201) 321-674-0 

OTHER DATA - Other products of Met-Pro, Systems DIVISIOn Include: 

Factory Water Treatment Plants (Bulletin 2000) 
Gravity and Pressure Filters (Bulletin 6000) 
Carbon AdsorptIOn Columns (Bulletin 10 000) 



161 

PROTOTYPE EPA MOBILE FLOCCULATION-SEDIMENTATION SYSTEM No. 68 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

Wastewaters contammg ilquld and suspended solid contammants. 

DESCRIPTION - Prototype; tralier-mounted physICal-chemical treatment system for flocculatIOn, 
sedimentation, and flitratlOn of suspended soilds for pretreating wastewater contaminated with hazardous 
matenals. 

OPERATING PRINCIPLE - Chemicals, including powdered carbon, aluminum salts, ilme, Iron salts, polyelec­
trolytes, aCids and bases, can be mtroduced at various pomts mto a long, looped pipe reactor. Static 
mixers in the reactor provide rapid and effective mixing. Effluent from the reactor IS gently agitated in 
flocculatIOn chambers, the floc collecting in a tube settler and discharged to a sludge collector. The 
wastewater finally passes through a tn-media fliter. Further treatment IS then reqUired to remove the 
hazardous matenals. 

PHYSICAL SPECIFICATIONS -

System enclosed in a 12.2 m (40 ft) long van-type trader. 
Pipe reactor measure 170 m (560 ft) in length. 

OPERATING SPECIFICATIONS - DeSign flow rate of 265 L/min (70 U.S. GPM) for effective soilds removal. 

STATUS OF DEVELOPMENT AND USAGE - A full-scale field demonstration pdot plant has been developed 
for the U.S. EPA and evaluated in a number of held tests. 

PERFORMANCE - "The system was shown to be highly effective for treating.... (combined sewage and raw 
municipal) wastewater. Subsequent controlled field studies demonstrated that the flocculatIOn/sedimenta­
tIOn system IS highly effective for pretreating wastewater that IS contamlilated With hazardous matenals. 
Additional mformatlOn on the system IS contained in the EPA report, EPA-R2-73-l49." 

AVAILABILITY AND COMMERCIAL INFORMATION - The mobile flocculatlOn-sedunentatlOn system IS 
operated by the U.S. EnVironmental ProtectIOn Agency's EnVironmental Emergency Response Umt (EERU). 
Prtvate contractors may use thiS and other EERU equipment for research or e'nergency spIll response. 

For further mformatlOn on EERU activities and capabdlties, contact: 

James J. Yezzl, Jr. or 
OIl and Hazardous Matenals SpIlls Branch 
MuniCipal EnVironmental Research Laboratory 
U.S. EnVironmental ProtectIOn Agency 
Edison, NJ 08837 
U.S.A. 
Telephone (201) 321-6703 

OTHER DATA - No other informatIOn obtained. 

J. Stephen Dorrler, Chief 
EnVIronmental Response Team 
U.S. EnVironmental ProtectIon Agency 
Edison, NJ 08837 
U.S.A. 
Telephone (201) 321-6740 

Reference: EnVIronmental Emergency Response Unit (ERRU) CapabIltty, A booklet released by the OIl and 
Hazardous Matertals Sptlls Branch, MUniCIpal EnVironmental Research Laboratory-CI, U.S. 
EnVIronmental ProtectIOn Agency, EdIson, NJ 08837 (Aprd, 1982). 
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----------------------
PROTOTYPE EPA MOBILE PHYSICAL/CHEMICAL TREATMENT TRAILERS No. 69 

------------------------------------------------------
APPLICABILITY Gas Liquid 

Sol Fl Sk 
Solid 
Sol Fl Sk 

* * * * * 

Wastewaters containing liquid and suspended solid contaminants. 

DESCRIPTION - Two trailer-mounted systems for treating water contaminated with hazardous materials, 
consisting of tanks for flocculatIOn/sedimentatIOn, filtratIOn and carbon adsorptIOn. 

OPERATING PRINCIPLE - Contaminated water IS pumped Into a settling tank where flocculatiOn and 
sedimentation occur. The clarified liqUid IS drawn off and IS then passed through mixed media filters and 
finally through carbon adsorption columns. Sludge IS removed from the sedimentatIOn tank and stored for 
ultimate disposal. 

Since each step can be by-passed, treatment schemes may be varied to facilitate the recovery of spilled 
matenals. 

PHYSICAL SPECIFICATIONS - Two trailers are available: 

One IS a l3.7 m (45 It) trailer With three mixed media filters, three pressure carbon columns, pumps, piping 
and a 100 kW diesel generator. A support trailer has additional pumps, fittings and several collapsible 
rubber tanks. The treatment trailer can be located up to 150 m (492 ft) from the spill site. 

The second unit IS mounted on a smaller trailer and IS towed by a stake truck whICh also carries the 
additIOnal eqUipment, such as collapsible tanks and gasoline engine pumps. The treatment trailer has one 
mixed media filter and one pressure carbon column. 

Equipment constructed of 316 stainless steel. 
ReactIOn/flocculatIOn tank of 11 350 L (3000 U.S. gal). 
SedimentatiOn tank of 56 775 L (15 000 U.S. gal). 
ReactIOn/flocculatIOn and sedimentatIOn tanks are of collapsible rubber constructIOn. 
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Dual Media Filters: 

61 cm (24m) anthracite coal, 0.9 mm (0.035 10) effective diameter (upper layer), 1.7 uniformity 
coefficient. 
45 cm (18 In) fine sand (0.45 mm (0.018 In) effective diameter), 1.5 Uniformity coefficient 
Diameter 1.17 m 
Area 0.893 m3 (31.5 ft3) 
Backwash water storage tank of II 350 L (3000 U.S. gal) 

Carbon Columns: 

May be used In parallel or series. 
Total carbon (dry) 19.6 m 3 (692 ft3); 8172 kg (18 000 Ib) 
Diameter: 2.1 m (7 ft) 

OPERATING SPECIFICATIONS -

Large Unit can treat 6.3 to 37.8 Lis (100 to 600 U.S. gpm) 
Smaller Unit can treat 1.8 Lis (30 U.S. gpm) 

Site reqUirements: 

Area 15 x 30 m (49 x 98 ft) 
Ideal slope for site 5 cm over 8 m (2 In over 26 ft) 
MaXimum slope for site 15 cm over 8 m (6 In over 26 ft) 

ST ATUS OF DEVELOPMENT AND USAGE - The Mobile PhYSical-Chemical treatment trailers have been used 
extensively by the EPA's EnVironmental Emergency Response Unit, mcludmg the followmg mCldents: 

Removal of the pestiCide dlnltro-butyl-phenol (DNBP) from a small lake m Clarksburg, New Jersey 
during August 1979. Contents of the lake were reCirculated until the DNBP concentration had been 
reduced from 8 ppb to less than 2 ppb. 

The contammated water was put through the mixed media filters, then through three carbon columns 
run m series. 

DecontaminatIOn of the contents of a chemical waste lagoon In Oswego, New York dUring March 1977. 
The follOWing removal effICienCies were obtained In the secondary and tertiary lagoons. 

Influent Effluent (%) 
Compound Conc. (\J giL) Conc. (\J giL) Removal 

Trichloroethylene 21 Q.3 98.57 
Phenol 140 0.1 99.92+ 
Cresol 230 8.1 96.47 
Dlmethylphenol 1220 5.4 99.56 
Trlmethylphenol 130 10 92.3 
Butylphenol 300 15 95 
DlOcyladlpate 360 320 11 
DlmethylanIllOe 380 23 93.95 
Methylene ChlOride 190 51 73.15 
Carbon TetrachlOride 1.1 0.1 90.91+ 
Benzene I 0.1 90 
Toluene 120 0.3 99.75 
Xylenes 140 0.1 99.92+ 
Trichloroethane 12 0.1 99.17 + 

Contents of the main lagoon were treated uSing pH adjustment, flocculatLOn/sedlmentatLOn, mll{ed 
media fJitratlOn and carbon adsorptLOn. The treated water was released to Wme Creek when ItS TOC 
was reduced by 75% (initial concentratLOn: 6500 to 15 000 mg/L) and no PCBs were detected (onglOal 
concentratIOn approximately 0.075 \J giL). 

DecontaminatIOn of ground and surface waters In a Haverford, PA incident, November-December 1976. 
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Water In the area, both the stream (Naylors Run) and groundwater, were contaminated with an 011 
(similar to diesel fuel) and pentachlorophenol (PCP). 

The entire process of settling tanks and filters was used. The 011 was reduced from 5 to 10% to 30 to 50 
mg/L and the PCP from 100 to 500 mg/L to 30 to 20 mg/L after two stages of settling. FollOWing 
treatement In the filters, the final effluent had no detectable 011 (less than 1.0 mg/L) and the PCP 
concentratIOn was consistently less than 1 ~ giL. Total volume treated was 764 570 L 
(202000 U.S. gal). 

Treatment of a watercourse containing 011 and mixed chemicals at Dittmer, MS (Apnl and May, 1977). 

FollOWing sand filtratIOn and carbon adsorption the PCB (Aroclor 1260) concentratIOn dropped from 
about 19 ~g/mL to less than 0.05 to 0.2 ~g/mL. 

PERFORMANCE - Bench-scale tests performed In the development of the prototype gave these results: 

Activated carbon may be used for treatment of acetone, cyanohydrin, acrylonltnle, chlorine and phenol. 

ChlOrinatIOn can be used for the oXidatIOn of ammonia and 50% removal of acetone, cyanohydrin, and 
acrylOnitrile. 

Most pestICides and herbicides (chlorinated hydrocarbons) can be removed by coagulatIOn, filtratIOn and 
carbon adsorption. 

Tetraethyl lead and tetramethyl lead can be effectively oXidized with potassium permanganate and can 
also be absorbed partially via activated carbon after chemICal flocculatIOn, settling and filtratIOn. 

AVAILABILITY AND COMMERCIAL INFORMATION - The mobile Physical/ChemICal Treatment trailers are 
operated by the U.S. EnVironmental Protection Agency's EnVironmental Emergency Response Unit (EERU). 
Pnvate contractors may use thiS and other EERU equipment for research or emergency spill response. 

For further informatIOn on EERU activities capablhtles, contact: 

James J. Yezzl, Jr. or J. Stephen Dorrler, Chief 
EnVironmental Response Team 
U.S. EnVironmental ProtectIOn 
Agency 

Oil and Hazardous Matenals Spills Branch 
MUniCipal EnVironmental Research 
Laboratory 
U.S. EnVironmental Protection Agency 
Edison, NJ 08837 

Edison, NJ 08837 
U.S.A. 

U.S.A. Telephone (201) 321-6740 
Telephone (201) 321-6703 

OTHER DATA - None obtained. 

References: Lafornara, J.P., M. Polito and R. Scholz, U.S. EPA and Envlrex "Removal of Spilled HerbiCide 
from a New Jersey Lake", Proc. 1976 Nat. Con. on Control of Hazardous Materials Spills, pp. 
378-381 (1976). 

Lafornara, J.P., F.J. Freestone and M. Pohto, U.S. EPA, "Spdl Cleanup at a Defunct Industrial 
Waste Disposal Site", Proc. 1978 Nat. Con. on Control of Hazardous Materials Spills, pp. 152-155 
(1978). 

Lamp'l, H.J., T. Massey and F.J. Freestone, U.S. EPA, "Assessment and Control of a Ground and 
Surface Water ContaminatIOn InCident, Haverford, Pennsylvania, November-December 1976, 
Proc. 1978 Nat. Con. on Control of Hazardous Matenals Spills, pp. 145-147 (1976). 

Gllmer, H. and F.J. Freestone, U.S. EPA, "Cleanup of an Oil and Mixed Chemical Spill at 
Dittmer, MISSOUri, Apnl-May 1977", Proc. 1978 NatIOnal Conference on Hazardous Materials 
Spdls, pp. 131-134 (1978). 

Mahendra K.G., Envlrex Inc. for the U.S. EPA; Development of a Mobde Treatment System for 
Handling Spdled Hazardous Matenals, Report EPA-600/2-76-109 (July, 1976). 



165 

PRODUCT HOLLOW FIBER UL TRAFIL TRATION (UF) SYSTEM No. 70 

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

APPLICABILITY Gas Liquid Solid 
Sol FI sk Sol FI Sk 

* * * 

DESCRIPTION - Portable systems capable of pUrifYing contaminated (oli-lIke) water by filtratIOn. The 
systems consist of hollow fibre cartridges, permeate storage tank, CirculatIOn and backwash pumps. They 
have been designed for waste treatment In metal working, plating, chemical process and general industrial 
applIcatIOns. 

Tube Sheet 

"- ..... 

Feed 
Solution 

OPERA TlNG PRINCIPLE - The process solutIOn IS pumped under pres3ure through the inSide or lurnen of the 
fibres. The membrane fibres are anisotropIc With a skin on the inSide surface and a sponge-hke structure 
on the outside. Separation occurs at the itquld/membrane Interface With rejected solutes and particles 
remaining inSide the skin. The flow along the hollow fibres can be controlled to produce high shear forces 
to break away rejected species and force them downstream. The ultraftltrate which permeates through the 
hollow fibres IS collected 10 a plastIC sleeve and then ducted Into a permeate storage tank. Cleaning of the 
cartridges IS accompltshed by forward flushing, recycling, backflushlng or by a combinatIOn of these 
methods. 

PHYSICAL SPECIFICATIONS - (Romlcon GII HF IS Pdot Plant System - see also Other Data) Wetted materials 
(process) are made of stainless steel. 

DimenSIOns: 

Height 1702 mm (67 In) 
Width 1118 mm (44 In) 
Depth 813 mm (32 In) 

Circulation Pum p Ladlsh C 114-4 
Circulation Pump Motor 2hp, 3500 rpm, TEFC 
Backwash Pump Corcoran 2000 E 
Backwash Pump Motor 3/4 hp, 3500 rpm, TEFC 

Electrical ReqUirements: 

230 V-30-60 Hz: 6.8 A 
460 V -30-60 Hz: 3.4 A 
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Hollow fibre ultrafiltratlOn cartridges: 

Cartridge diameter 76.5 mm (3 In) 
Cartridge length 635 mm (25 In) and 1092 mm (43 In) 
Contain 45 to 3000 hollow fibre membranes 
Membrane inside diameters 0.51 mm (0.02 In) to 1.1 mm (0.04 In) 

Active membrane surface area of 0.1 to 4.9 m2 (l.l to 53 ft2) per cartridge 

OPERATING SPECIFICATIONS - (RomlCon HF IS Pilot Plant System - manufacturer's data) 

Operating pressure 172 kPa 
ReclrculatlOn rate 2.2 LIs 
Operating temperatures 49°C 

Hollow fibre ultrafiltratIOn cartridges: DeSigned for Initial distilled water flux ranges from 85 to over 350 
L/m 2/h; maximum temperature ranging from 45°C to 75°C over a pH range of 1.5 to 13.0 

STATUS OF DEVELOPMENT AND USAGE - Commercial products In general use as waste treatment systems 
In a variety of chemical process industries. 

PERFORMANCE - Not documented for spills of hazardous materials. 

AVAILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: Romlcon, Inc. 

SubSidiary of Rohm and Haas Company 
100 Cummings Park 
Woburn, MA 01801 
U.S.A. 
Telephone (617) 935-7840 
Telex: 94-9333 
Contact: Mr. Barry Green 

OTHER DATA - Other RomlCon UF systems are available With higher processing capaCities: 

Capacity 
System m3/day U.S. gal/day 

-------------------------------------- ------------------
CPVC-2 
HF-6 
HF-20 
HF-50 

2.8 - 5.6 750 - 1500 (skid-mounted) 
8.5 - 17 2250 - 4500 
28.4 - 56.7 7500 - 15000 
70.9 - 141.9 18750 - 37 500 

Various RomlCon fibre membranes are available: 
XM-50 for low temperatures 
PM or MH series for higher temperatures 
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PRODUCT MOBILE UL TRAFIL TRA nON REVERSE OSMOSIS UNIT No. 71 

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol Fl Sk 

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

DESCRIPTION - A trailer-mounted, helicopter-portable Reverse OsmosIS (RO)/UltrafiltratlOn (UF) Unit for 
treating water contaminated With hazardous materials. The self-contained, diesel-powered unit, developed 
for the Environmental Protection Service of Environment Canada, can produce up to 1800 L/h of pure 
water (permeate) from salt water. It was developed for the cleanup of chemical spills and the productIOn 
of fresh water for steam cleanup of 011 on low energy rocky shorelines. 

OPERATING PRINCIPLE - UF IS employed when filtering fine, suspended solids (down to 0.002 \lm) or oils. 
RO separates both suspended and dissolved solids plus BOD and COD by permeating pure water through 
semi-permeable membranes. The concentrate of chemicals IS stored for other methods of ultimate 
disposal. The permeate IS returned to ItS original, uncontaminated source. 

PHYSICAL SPECIFICA nONS - The system consists of two banks of three pressure vessels, each containing up 
to two RO or UF membranes. The Unit IS complete With filters, feed pump and self-contained diesel power 
source. The unit contains fuel for 8 hours of continuous operatIOn and has a built-In propane heater to 
prevent freeze-up during cold weather operations. 

Pumps are constructed of stainless steel and marine brass. Hydraulic hosing IS used for piping. 

DimensIOns: 431.8 (127 for hitch) x 182.8 x 137.1 cm (45.7 grd. clearance) 170 (50 for hitch) x 72 x 54 In (18 
grd. clearance) (length x Width x height) 

Weight: 1270 kg (2800 lb) 
Operating EnVironment: -28 to 38°C (-20 to lOO°F) 

OPERATING SPECIFICATIONS - Water ProductIOn: 

RO: 56.7 m3 (15 000 U.S. gaO/day from sea water 
113.5 m3 (30000 U.S. gaO/day from brackish water 

UF: 284.0 m3 (75 000 U.S. gaO/day from contaminated water 

LIft/feed Pump: 380 L/mln (100 U.S. GPM) @ 96.5 kPa (14 pSlg) from a depth of 10 m 

Two parallel high-pressure pumps raise feed pressure to 2750 to 6900 kPa (400 to 1000 pSlg) for RO. 
Membranes may be of spiral wound, tubular or hollow fibre constructIOn. During unattended operation, 
the Unit Will automatICally shut down If: 
1) Normal operating pressure or temperature IS not maintained. 
2) Blocked Inlet occurs. 
3) Membrane ruptures (only inorganic salts detected by conductiVity sensor In permeate stream). 

DeSigned for most organic and inorganic liquids In the pH range of 2 to 11. 
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STATUS OF DEVELOPMENT AND USAGE - An operatlOnal prototype was Originally fabrIcated. It has been 
used to clean up a spIll of sodIum penta- and tetrachlorophenol. Further InvestlgatlOn of long-term 
operatIonal capabIlIty, membrane materIals and trials on other substances (e.g., chemIcal leachate) are 
being conducted. AddltlOnal UF/RO UnIts are also now being constructed. 

PERFORMANCE - Test results have demonstrated the following: 

UF - Removal of trace suspended oIl (5 to 500 ppm) 
Dewatering drilling mud 
Blue-green algae removal from pond water 

RO- EPS fIeld trials conducted at the Gloucester ChemIcal dIsposal landfIll sIte near Ottawa, Ontario, 
Canada, YIelded the follOWing results from four dIfferent membranes: 

MEAN ORGANIC ANALYSIS OF REVERSE OSMOSIS 
SAMPLES FROM GLOUCESTER LANDFILL (WELL 36W) OTT A W A, CANADA 

Feed % % Removed 
ConcentratlOn Concentrated b:t each Membrane 

ChemICal (ppb) In Concentrate* Toray DSI UOP FIlmtec 

Dlchloromethane 408 168 60 60 -5 2 
Acetone 105 217 85 82 31 43 
Dlchloroethene 36 340 98 96 76 86 
Tetrahydrofuran 18260 173 98 93 62 76 
Dlethyl Ether 211 335 97 94 75 81 
Chloroform 270 268 96 90 73 65 
Dlchloroethane 99 232 100 87 37 49 
Trichloroethane 676 324 92 98 91 97 
Trlchloroethene 23 207 96 90 35 47 
Benzene 576 265 98 94 53 77 
Bromoform 10 342 100 99 97 98 
Hexane 10 398 100 99 95 99 

* ReCIrculatIOn Increased chemIcal In concentrate beyond Original percentage In feed stream. 

(Note: The feed solutlOn was fIltered through one of two banks of 10-25 ~m fIlters to reduce foulIng of the 
RO membranes by suspended solIds.) 

Manufacturer 

Toray 
UOP 
FIlm Tec. 
DesalInatIOn Inc. 

Membrane* 

PEC 1000 
TCF 4600 
FnO 
B441 

Membrane Material 

TFC Polyether-Polysulphone 
TFC Polyether-amlde-Polysulphone 
TFC Polyamlde/Polysulphone 
TFC PolyamIde 
* TFC IS thin fIlm composIte. 

* All membranes have a spIral wound conflguratlOn. 

AVAILABILITY AND COMMERCIAL INFORMATION - The prototype UnIt was modIfIed from a mobIle water 
pUrifIcatIOn unIt manufactured by: 

Memtek CorporatlOn 
87 Bentley Avenue 
Nepean, OntariO 
K2C 6T7 
Telephone (613) 226-8381 
Contact: Peter E. Engler 

DIrector, BUSiness Development 
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Developed for the Environmental Protection Service of Environment Canada, the EPS mobile UF IRO Unit 
can be rented for on-site trails. Contact: 

Mr. Harry Whittaker 
Environmental EmergenCies Technology DIvIsion 
River Road Environmental Technologies Centre 
Ottawa, Ontario 
Canada 
KIA IC& 
Telephone (613) 998-9622 

OTHER DATA - Memtek IS performing laboratory tests (Nov., 1983) of the Unit with the EPS "Top 50" Priority 
chemicals. 

Memtek now manufactures a complete line of Reverse OsmosIs and UltrafiltratIOn Units, custom-designed 
to a cilent's specific needs. 

References: Memtek Brochures, correspondence with Peter Engler, Memtek Director of Business Develop­
ment (November, 1983); personal commUniCation, H. Whittaker (May 15, 1984); Manufacturers' 
Literature. 

Whittaker, H., "Reverse OsmosIs In Chemical Spill Control", Proceedings of the Technical 
Seminar on ChemICal Spills, Toronto, Ontario, p. 93 (October 25-27, 1983), sponsored by the 
Technology Development and Technical Services Branch, Environment Canada. 
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PRODUCT PACT MOBILE WASTEWATER TREATMENT SYSTEM No. 72 

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol FI Sk 

* * * 

DESCRIPTION - A mobile activated sludge/powdered carbon process for treating non-biodegradable and/or 
bIOdegradable organics In wastewater, groundwater and leachate. PACT stands for Powdered Activated 
Carbon Treatment. 

DDI 

OPERATING PRINCIPLE - Powdered activated carbon IS mixed with activated sludge and the wastewater In a 
contact-aeration baSin. The carbon particles adsorb waste components the micro-organisms cannot 
asslmllate. The treated water IS separated from the sludge and spent carbon through a clarifier and 
shallow-bed sand fllter. Waste solids can be dewatered prior to disposal, hauled wet to an approved 
disposal faclllty, or directed to a powdered carbon regeneratIOn step. 

PHYSICAL SPECIFICATIONS - Four moblle wastewater treatment Units are available: 

Overall 
Flow CapaCity DlmenslOns* 

DeSignatIOn m3/d(U.S. GPO) W x Lx H m (ft) 

PP-50 189 ( 50 000) 2.4 x 12.3 x 4.9 
(8 x 40.5 x 16) 

PP-I00 378 (100 000) 3.6 x 12.8 x 3.6 
(12x42xI2) 

PP-200 757 (200 000) 3.6 x 12.8 x 3.6 
(12 x 42 x 12) 

PP-300 1136 (300 000) 3.6 x 12.8 x 3.6 
(12 x 42 x 12) 

* without optIOnal rapid sand filter 

OPERATING SPECIFICATIONS - Ready to operate In two to three days once on site. 

STATUS OF DEVELOPMENT AND USAGE - Commercially avallable on a lease baSIS, with an option to buy. 
Used for cleanup of groundwater, leachate or other site-specific wastewater problems. 
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PERFORMANCE - The mobile PACT systern became avallable m 1983. Some full-scale PACT mstallatlOns 
mclude: 

Treatment of chemical processmg wastes at Du Pont Co., Deepwater, NJ. 

37800 m3 (10 mllhon U.S. gal) per day at Medma County, OH. 

A retrofit to an eXlstmg activated sludge system m Klmltsu, Japan, "provmg to be nearly thirteen times 
more effective .... m reducmg COD of high strength supernatants, and five times more effective m 
reducmg BOD". 

Removal percentages are claimed to be high (to 99.99 %) for base neutral extractables, aCid extractables, 
volattle organics and pesticides. 

AVAILABILITY AND COMMERCIAL INFORMATION - Units avallable on a lease basIs with an optIOn to buy. 

Manufacturer: 

Zimpro Inc. 
Mlhtary Road 
Rothschild, WI 54474 
U.S.A. 
Telephone (715) 359-7211 
Telex 29-0495 
Contact: Industnal Sales Department 

OTHER DATA - Also see the Zimpro Zimmerman Wet Air OXidatIOn system described m sectIOn 5.3 of thiS 
survey. 

Reference: Zimbro brochures No. W-301 (March, 1983) and No. WI00-5 (December, 1982). 
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2.7 Removal from Water-Agents 

---------------
PROTOTYPE AMINE CARBAMATE GELLING AGENT AND 

APPLICATION SYSTEM 

APPLICABILITY Gas LiqUid Sohd 
Sol FI Sk Sol FI 

* 

No. 73 

Sk 

DESCRIPTION - This prototype system IS mtended to facilitate recovery and control of hazardous lIquids on 
water surfaces. A trimaran IS equipped With: forward-mounted sprayers fed by an amIne solutIOn pumped 
from deck tanks; a hqUld C02 transit tank and spargIng system aft of the sprayers; and nets towed behInd 
the craft to recover the gelled lIqUId. 

OPERA TING PRINCIPLE - The process depends on the reactIOn of C02 and an amIne to form a carbamate 
salt: R-NH2 + C02 + R-NH2 - C02. The spill IS directed Into the path of amIne sprayers by sweeps or 
booms at the front of the trimaran, and then between the pontoon hulls. liqUId C02 IS directed mto this 
mixture, and the resulting carbamate solidifies the hqUld mixture to white floatIng chunks of gelled 
material. 

The sohdlfled material IS recovered by nets towed aft to the tnmaran and then stored In bags or boxes for 
disposal. The hazardous hqUld can be recovered by subJectmg the gelled material to pressure filtratIOn, 
With recovery also of the carbamate gellIng agent which can then be converted to the startmg amine by 
thermal decarboxylatIOn. 

PHYSICAL SPECIFICA TIONS -

AmIne solution (to be apphed In about 15% concentratIOn): 

A three component solutIOn IS used: 

70% AmIne D'" (dehydroablethylamIne, manufactured by Hercules); 15% ethanol; and 15% Nopol (6,6-
dimethyl - 2-norpmene). 

Vessel: 

Modular trimaran consistIng of: 

Pontoons which are perforated polycarbonate shells clamped around Inflatable rubber bladders. 

Deck of marine plywood panels laid over alummum braCing. 

Overall assembled length (Without extended sweeps) 7.3 m (2~ ft); Width 3.7 m (12 ft), draft With full 
loadIng O.~ m (15 In) freeboard 0.5 m (18 m). 

Can be disassembled, stored and transported m a 2.5 x 3.7 x 1.8 m (8.2 x 12.1 x 5.9 ft) truck trailer With all 
requirement equipment and supplIes. 

Ancillary EqUipment: 

Eight 206 L (55 U.S. gal) drums of AmIne D solution. 
C02 transit tank (320 kg (700 lb) capacity) With hose and spargmg system. 
Two metermg pumps for the AmIne D solutIOn. 
Two meterIng pumps for the AmIne D solution. 
Two AmIne D sprayers. 
220 V electrical generator (gasohne powered) and GFI (Ground Fault Interrupter) equipment. 
Forward-mounted sweeps for Increased Width of mtake area. 
Two 25 hp marine engInes. 
Life rafts, life Jackets, tool and damage control locker. 
For SituatIOns involVing recovery and control of more than 20000 L (5283 U.S. gal) of hazardous hquld 
spills on water surfaces, a back-up C02 transit tank and additIOnal drums of Amine 0 solutIOn are 
recommended by the manufacturer. 
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Vessel designed for operation In Inland waters or In situations with less than 0.5 m (1.6 ft) harbor chop. 

Craft will support a load of 5 tonnes of equipment and supplies, at a fully laden speed of about 6.5 km/h 
(3.5 knots), and can cover an area of about 0.4 hectares (l acre) In a track 5.0 m wide by 0.8 km (16.5 it x 
1/2 mile) with 8200 L (2166 U.S. gal) of hazardous liqUid spill, In less than 10 minutes. 

Recovery nets towed by auxiliary craft statIOned behind the trimaran could be deployed to recover the 
gelled hazardous liqUid. 

Assembly and loading of the trimaran can be accomplished at a boat landing, or by lowering raft and 
component equipment from overhead bndges to water surface by means of a one-ton crane. (Can be 
assembled In less than two hours.) 

STATUS OF DEVELOPMENT AND USAGE - Prototype successfully tested at U.S. Naval Submarine Base, New 
London, CT on December 17, 1979 and successfully used there later on an actual spill. No quantitatIve 
results. 

No indication was received of development beyond the prototype stage. 

PERFORMANCE - Tests indicate that this system may be applicable to spills of the follOWing chemicals: 

Benzene 
Ethylbenzene 
Styrene (Monomer) 
Cumene 
Methyl Isobutyl Ketone 
Turpentine 

Toluene 
Xylenes 
2-Ethylhexanol 
Cyclohexane 
n-Hexane 

This system also shows pOSSible application to spills of: 
Butyraldehydes 
Methyl Isobutyl Carbinol 
Methyl Methacrylate 
Tall 011 
Ethyl ChlOride 

AVAILABILITY AND COMMERCIAL INFORMA nON -

Patents: U.S. 3 684 733 and 3 880 569. 

Manufacturer: 

University of Lowell 
Lowell, MA 01854 
U.S.A. 
Telephone (617) 452-5000, Ext. 2509 
Contact: Dr. W. Bannister 

Cost (Decem ber, 1981): 

Trimaran craft and all eqUipment: $84 000 
200 kg (441 lb) drum of Amine D solutIOn: $1080 
LIqUId C02: Refill of transit tank - approximately $360 

OTHER DATA - No informatIOn. 

References: Manufacturer's Literature; Report of Commanding Officer, Naval Submarine Support Facility, 
New London to Commander, Naval Facilities Command (February 25, 1980). 
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PRODUCT CHEM-GEL AND INDUSORB No. 74 

APPLICABILITY Gas LIqUId Solid 
Sol FI Sk Sol FI Sk 

* * * 

DESCRIPTION - CHEM-GEL IS a combmatlon of both an absorbent and adsorbent whICh gels aqueous 
solutIOns, alcohols, and polar and nonpolar organics on land or floating on water. INDUSORB IS deSigned to 
absorb water and aqueous solutions of polar and nonpolar solvents, aCids, alkahs and hydrocarbon products. 

OPERATING PRINCIPLE - These gelling agents are dry solids which agglomerate hazardous chemicals mto a 
gel that IS eaSily picked up usmg phYSical/mechanical methods. 

PHYSICAL SPECIFICATIONS - Dry powders or flakes are avatlable In 22.7 kg and 0.4 kg drums or 4 to 44 kg 
boxes (50 Ib and 45 Ib drums or 4 to 10 Ib boxes). 

Chern-gel: White, odourless, polymerIC powder. SpeCIfiC Gravity 0.34. 
Indusorb: Light brown to white, odour less , polyacrylonltrtle granules or flakes. SpecifiC Gravity 0.38. 

OPERATING SPECIFICATIONS -

Chern-gel: 

HygroscopIc - must be stored In a dry locatIOn. 
Resultmg gel Will retain the hazardous nature of the chemical Involved (I.e. flammable, toxIC, 
pOisonous, caustiC, etc.). 
Will not support combustion when Ignited by a methanamlne tablet or subjected to the flame of a 
propane torch. 
Flash pOint of the gelled mixture MAYBE lower than that of the chemical alone. 
Gel time Will vary from 10 seconds to 30 mmutes dependmg on the amount of Chem-gel used. 
AbsorptIOn RatIO: up to 100: J. 
Absorption Rate: 0.25 to 7 mmutes. 

Indusorb: 

Effectl ve only m the presence of water. 
Yields a non-flammable gel from aqueous mixtures not exceedmg 10% chemical content. 
Suggested apphcatlOn rate: I g/50 cm 3 (J Ib/6 U.S. gal) of hqUid mixture. 
Will char but not support combustIOn when subjected to a 1370°C (2500°F) flame. 

Three disperSIOn systems are recommended: 

1) PreSSUrIzed Tank System: 

a) Portable: Rechargeable C02 - charged dry cherntcal fire extmgUlsher (e.g., Ansul Company 
Model A-I-C). 

b) Semi-portable: Large reservoir and air compressor. For example, a 1.8 m (6 ft) diameter, 4.6 m 
(J 5 ft) truck-mounted tank, equipped With a gas-powered air compressor, would hold approxI­
mately 2270 kg (5000 lb) of powder at 3/4 capacity. (A Similar delivery system IS commerCially 
avatlable from the MSA Co., Pittsburg, PA.) 

2) Venturi/Compressed Air System: 

Sized between the portable fire extmgulsher and large tank systems, the Econo-Vac sandblastmg Unit 
(Alrplaco, Cltpper Manufacturmg Company, Kansas City, MO, Model EV-14M) typifies available 
hardware. It delivers approximately 1.6 kg (3.5 lb) of powdered Chem-gel per minute With the ventUrI 
feed tube placed directly mto a fiber drum of Chem-gel. 
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3) Auger-Fed/Pneumatic Conveyor System: 

A Unit which auger-feeds powdered gellIng agent from a hopper Into a movIng air stream provides rapid 
dehvery of high volume over a spill area. A typical Unit IS the Bantam 400 Rockduster (descnbed In this 
survey). 

STATUS OF DEVELOPMENT AND USAGE - Marketed for many mdustnal sorbent appltcatlOns. 

PERFORMANCE -

Chem-gel: Claimed to Improve the effICiency of floatIng booms by IncreasIng the thickness of the floatIng 
chemical layer. Gelhng effiCiency of powdered chem-gel: 

--------------------
Gelling Minutes 

<:;;Ia~ Tes!..!--.!.9':!I~ ______ Ratlo __________ !.o_ ~ ___ _ 

WATER 1. Sat. Chlorine Water 10/1 1.5 
SOLUBLE 2. AmmOnium Hydroxide 10/1 1.0 

3. Water 10/1 0.5 
--~----------------

II NON-POLAR I. Kerosene 5/1 1.5 
ORGANICS 2. Benzene 10/1 0.25 

______ 3._ Cyclohexane 10/1 2.5 --.---
III POLAR 1. o-Dlchloro Benzene 10/1 0.33 

ORGANICS 2. Ethylene Dlchlonde 10/1 0.25 
3. Carbon Tetrachlonde 10/1 0.75 -------

IV ALCOHOLS I. Methanol 10/1 6.0 
2. Ethylene Glycol 5/1 7.0 

_______________ ~·_!?9Q.r:22~nol __ 10/1 3.0 

Indusorb: Independent lab tests (CommerCial Chemists, Inc., Jacksonville, FL) have shown: 

1) Indusorb reduced the flash and fire POInts of the follOWIng mixtures (10 cm 3 chemlcal/90 cm 3 water): 

Acetone 
Exxon Unleaded Gasoline 
No. I Diesel 011 
Rapco Automotive Diesel Fuel 

2) Indusorb helped suppress the vapours of a heptane, ethyl alcohol, acetone, water solutIOn. 

3) Indusorb Inhibited the IgnitIOn or flamIng of a 10% no. 1 Diesel 011 mixture In water when exposed to 
the cutting of a steel plate by an oxygen-acetylene torch 0.6 m (2 ft) above the surface of the mixture. 

A V AIL ABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Industrial Services InternatIOnal, Inc. 
P.O. Box 10834 
Bradenton, FL 33507 
U.S.A. 
Telephone (813) 792-7778 

Dlstnbutor: 

Elmer Clark 
PreSident 
E.S. Clark ASSOCiates, Inc. 
P.O. Box 40524 
Jacksonville, FL 32203 
U.S.A. 
Telephone (904) 384-4393 

OTHER DATA - Indusorb has also been known as Terrasorb. The name change reflects aVOIdance of a trade 
name confltct With Terra-Sorb T-200. 

References: Product Data from E.S. Clark ASSOCiates, Inc., IncludIng Independent laboratory results from 
CommerCial Chemists, Inc., JacksonVille, FL, (October, 1983). 
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CONCEPT CONTAINMENT OF RADIOACTIVE WASTES BY ION EXCHANGE No. 75 

APPLICABILITY Gas Liquid Sohd 
Sol FI Sk Sol FI Sk 

* * 

Note: Applicable to spIlls of liquids or solids on land. 

DESCRIPTION - A conceptual method of containing and removing radioactive spills by depositing cross-Imked 
ion exchange composition in dry form over the region of the spill. The ion exchange composition, which 
can be in powder or solid form (such as cloth), removes contaminants from a spill by exchanging radioactive 
ions for a non-radioactive species. 

OPERATING PRINCIPLE - The dry powdered or sheet-like ion exchange composition is deposited over the 
spilled material, particularly in the flow direction, to absorb the solution and prevent its spread, 
percolation and absorption into the surface on which the spill occurred. Radioactive ions are exchanged for 
non-radioactive ions in the ion exchange material. 

PHYSICAL SPECIFICATIONS - A resm with good adsorption and ion exchange capability should have 16 to 50 
mesh particle size and 0.25 to 25% cross-Iinkmg. 

Organic and inorganic ion exchange resin will hold radioactive nuclides. 

OPERATING SPECIFICATIONS - Absorption capabihtles of the Ion exchange resin are enhanced by a cross­
linking agent such as divinyl-benzene (DVB). 

Mol. % DVB m the 
Ion Exchange Resin 

0.25 
0.5 
1.0 
2.0 
3.5 

10 

Ratio of the volume of liquid 
absorbed to the initial dry 
volume of resin 

50 
22 
10 
7 
5 
<2 

Ion exchange capabilities of the resin are dependent on its dry weight. 
Ion exchange resins are used to treat liquid and solid radioactive spills. 
Treatment is conducted on site. 
Ion exchange resin containing radioactive ions can be cleaned and reused or disposed of in an 
appropriate site. 

STATUS OF DEVELOPMENT AND USAGE - A patented concept (U.S. Patent lj. 056 112) developed by Mr. 
Calvin Calmon. No mformation regarding its commercial development was av·ailable. 

PERFORMANCE - Use with hazardous materials has not been documented. 

AVAILABILITY AND COMMERCIAL INFORM A TION -

Commercial production pending. 

Mr. Calvin Calm on 
Arneys Mount Road 
Birmingham, NJ 08011 
U.S.A. 

OTHER DATA - None obtained. 
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-----------------------------------
PROTOTYPE EPA MULTIPURPOSE GELLING AGENT No. 76 

APPLICABILITY Gas Solid 
Sk Sol FISk 

* 

Note: LiquIds slOklOg m water can be gelled If agItated and dIspersed through the water column. 

DESCRIPTION - Prototype development. A formulatIOn of four commerCIally avaIlable gellmg agents, plus 
fumed sIlICa, whIch transforms aqueous hqulds, chlormated orgamcs, alcohols and nonpolar hydrocarbons 
mto a semi-solid mass. 

OPERATING PRINCIPLE - Each component of the gellmg agent selectively mteracts With the sptlled 
chemIcals to create an Immobtle gel which can be removed by mechamcal means (e.g., shovel, screen). 

PHYSICAL SPECIFICATIONS -

% of Trade Name 
~om-.2.on~!. ____________ ~lend Rea~!~~~ _______ (M~~l!tC!.~t_u!erL __ _ 

1) Highly water-soluble 5 Aqueous hqUlds Gelgard M (Dow) 
polyelectrolyte e.g., 
polyacrylamide, 
gelatm, casem 

2) Cross-linked copolymer 30 
e.g., poly tertiary - butyl 
styrene copo1ymertzed 
With dlvmyl-benzene 

3) Polyacrylonltnle­
butadiene copolymer 

4) Polycarboxylmethy­
cellulose polymers 
or polyethylene 
OXide matertal or 
polysacchartde 
exudates 

5) Fumed SilICa 

30 

25 

10 

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

Non-polar ltqulds and 
weak solvents e.g., 
cyclohexane, gasolme 
fractIOns 

Polar organics e.g., 
acrylomtrtle, ethylene 
dichlOride 

Alcohols e.g., methyl 
alcohol 

Slowly reacts With 
organics but provides 
long-term resIstance to 
hydrolysIs, stiffer gel; 
flUidizer. 

Imbiber Beads (Dow) 

Hycar 1422 
(B.F. Goodnch) 

Carbopol 934 
(B.F. Goodrich) 
Polyox (Umon 
Carbide) 

Cabostl (Cabot Corp.) 
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A prototype Mobile D1spenslng System (MDS) has been developed for the U.S. EPA to d1spense the 
Multlpurpose Gelling Agent. 

4 m (13 ft) enclosed ut1hty trailer whlch can be towed to spill sltes by a three-quarter ton vehlcle. 

Alr-cooled gasoline engine to power an auger-fed/pneumatlc conveyor. 

60 m (200 ft) of 51 mm (2 In) dehvery hose. 

Dehvery rate: 5.4 kg (12 Ib)/mln, 2 to 6 m (6.5 to 19.7 ft) from the nozzle. 

OPERA TING SPECIFICATIONS - The gelling agent 1S spread dlrectly onto spills on land (stagnant or flOWing) 
or on water (calm or slow movmg). 

Approxlmately I kg (2.2 Ib) of agent can gell 10 L (2.6 U.S. gal) of spllled hqu1d. 

STATUS OF DEVELOPMENT AND USAGE - A final formulatlOn of the Multlpurpose Gelling Agent was 
developed under EPA Contracts 68-01-0110 and 68-01-2093 by Calspan Corporatlon. An operatlOnal 
prototype of a Moblle Dlspenslng System was developed, tested and delivered to the U.S. EPA by May 1977. 

PERFORMANCE -

TYPlcal compounds unmoblhzed by the Multlpurpose Gelling Agent: 

Acetone 
Acetone Cyanohydrin 
Acrylomtnle 
Ammomum HydroXlde 
Amlme 
Benzaldehyde 
Benzene 
Butanol 
Carbon Dlsulphlde 
Carbon Tetrachlonde 
Chlorine Water (saturated) 
Chloroform 
Cyclohexane 
Cyclohexanone 
o-Dlchlorobenzene 
Ethanol 
Ethylacetate 
Ethylene Dlchlonde 

Ethylene Glycol 
Formaldehyde 
Gasoline 
Isoprene 
Isopropyl Alcohol 
Kerosene 
Methanol 
Methyl Ethyl Ketone 
Octane (2,2,4 Tnmethyl Pentane) 
Petroleum Ether 
Phenol (89%) 
Pyndlne 
Sulphunc ACld 
Tetrahydrofuran 
Tnchloroethylene 
Water 
Xylene 

Calspan performed tests of mmor and major spills of hazardous matenals dunng October, 1976 at Bethany, 
NY. Minor spllis (76 L (20 U.S. g» were contained wlthm 23 m (75 ft) dltches of 19° slope. 

76 L (20 U.S. gal) Chem1cal Spills: 

Calspan Bethany, NY DemonstratlOn Slte 

Amount of 
MGA used Dlstance 
per htre spill 

Splll rate MGA used spllled stopped 
Chemlcal Class L/mln (gal)/mm kg (Jb) kg/L m (ft) 

Water** Aqueous 151.4 (40) 9.1 (20) 0.12 2.4 ( 8) 
Kerosene* Hydrocarbon 151.4 (40) 40.8 (90) 0.54 6.1 (20) 
Tnchloroethylene* Chlonnated 151.4 (40) 18.1 (40) 0.24 6.1 (20) 
Methanol* Alcohol 151.4 (40) 20.4 (45) 0.27 6.1 (20) 

------------------"-----------------------------------------------
* Alr Temp O°C (32°F), Wmd 8 to 16 km/h (5 to 10 m/h) 

** Alr Temp 7°C (45°F), Wind 8 km/h (5 m/h) 
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GellIng was conducted of about 950 L (250 U.S. gal) pH 3.0 sulphuric aCid solution spilled mto a 76 cm (30 
In) wide trench running 9 m (30 ft) Into an open pool. The surface gelled to a depth of approximately 5 to 
10 cm (2 to 4 In). Without external mlxmg, this top layer prohibited further penetration of the gelling 
agent. 

These field trials showed two persons could operate the MDS: one operating the engme and conveyor 
system and another directing the agent onto the spill area. 
Similar tests were performed again for members of the U.S. EPA on November 4, 1976 with similar results. 

AVAILABILITY AND COMMERCIAL INFORMATION - The Multipurpose Gelling Agent was developed by: 

Calspan Corporation 
EnVironmental Systems Department 
P.O. Box 400 
Buffalo, NY 14225 
U.S.A. 
Telephone (716) 632-7500 
Telex 91-270 

for Oil and Hazardous Matenals Spills Branch 
Industrial EnVironmental Research Laboratory-CI 
U.S. EnVironmental Protection Agency 
Edison, NJ 08837 
U.S.A. 
Telephone (201) 321-6634 
Contact: Joseph P. Lafornara, Project Officer 

OTHER DATA - No additiOnal infOrmatiOn obtained. 

References: Mlchalovlc, J.G., C.K. Akers, R.W. King and R.J. 

Baler, R.E., J.G. Mlchalovlc, V.A. Depalma and R.J. Pille, Calspan Corporation, "Universal 
Gelling Agent for Control of Hazardous liqUid Spills", Journal of Hazardous Materials, 1 pp. 21-
33 (1975/76). -
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PRODUCT MUCK-UP ADSORBENT/SOLIDIFYING AGENT No. 77 

APPLICABILITY Gas Liquid Solid 
Sol FISk Sol FI Sk 

------------------------_._---

DESCRIPTION - A dry, granular adsorbent which "solidifies oily wastes" (water insoluble) such as PCBs, 
toluene and solvents. 

OPERA TING PRINCIPLE - Liquids are physically adsorbed to the sorbent granules to form a homogeneous, 
non-flowing mixture. 

PHYSICAL SPECIFICATIONS - Calcium Aluminum Silicate (Montmorillonite) granules available in 15.9 kg (35 
Ib) pails. 

Typical Analysis 

Water Soluble 
Reacts with: Hydrofluoric Acid (HF) 
Color: Tan 
pH: 5.8 
Specific Gravity: 2.2 
Bulk Density: 500 kg/m3 (31 Ib/ft 3) 

10lj. kg (228 Ib)/55 U.S. gal drum 
Screen Analysis: 0.2% + 20 mesh, 1.5% - 60 mesh 
Water Adsorption: 1.1 mL/g or lllj. L (30.1 U.S. gal)/55 U.S. gal drum 
Oil Adsorption: 0.95 mL/g or 98 L (26 U.S. gal)/55 U.S. gal drum 
Cost (Nov. 82): $17.50 US/15.9 kg (35Ib) pail 

OPERATING SPECIFICATIONS - Muck-Up can be applied directly to a spill and scooped into the 19 L (5 U.S. 
gal) pail provided. It can also be mixed in a revolving drum with waste materials to bind it thus making it 
safer to transfer to ultimate disposal facilities. 

STATUS OF DEVELOPMENT AND USAGE - Marketed for cleanup of: paints spills, unkown water-insoluble 
chemicals, PCBs, acids and caustics, bunker fuel, gasoline, naphtha, insecticides, rodenticides, and 
fumigants. Suggested as an absorbent packing material for the transport of hazardous material containers. 

PERFORMANCE - Use of Muck-up in response to hazardous material spills has not been documented. 

AV AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Mateson Chemical Corporation 
1025 E. Montgomery Avenue 
Philadelphia, PA 19125 
U.S.A. 
Telephone (215) lj.23-3200 
Contact: Mr. Jean F. Mateson, President 

OTHER DATA - Some of Mateson's other products: 

FOUL-UP: Adsorbent and deodorant (charged with CTC) for water adsorption and solidification of water­
based (sewage, animal wastes) spills. 

LIQUIVAC: An additive to tap water that will overcome insoluble pollutants, capture and neutralize odour 
and acid fume problems. Neutralizes acid wastes. 
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PRODUCT SPILL/CLEAN GELLING AGENT No. 7& 

APPLICABILITY Gas Liquid Solid 
Sol FISk Sol FISk 

---------
* * * 

Note: Applicable only to spills of liqUid on land. 

DESCRIPTION - An agent which absorbs spilled hazardous materials by a physical process producmg a gel. 
This gellmg agent IS made of a series of co-polymers. 

OPERA TING PRINCIPLE -: Spill/Clean IS applied on the spilled liqUid until gelling of the mixture occurs. 

PHYSICAL SPECIFICATIONS - Packaged m 11.4 kg (25lb) fibre drums (0.76 m (2.5 ft) tall and 0.46 m (1.5 ft) 
dla.) or larger packages If necessary. 

OPERATING SPECIFICATIONS -

Reacts like a gel for hqulds on land (only). 
Claimed to be sUitable for "most aCids, caustics, flammable solvents and other hazardous or non-hazardous 
liqUids". 

STATUS OF DEVELOPMENT AND USAGE - Commercially available and Widely purchased by chemical 
mdustrles, hospitals, airports and government agencies. 

PERFORMANCE - Will not gel fummg mtrlc aCid. 

RatiOS of solvent volume to weight of Spill/Clean for selected chemicals are as follows: 

Chemical 

NitriC Acid 
Sulphuric ACid 
Sodium Hydroxide 
Potassium Hydroxide 
Gasoline 
No. 2 Fuel Oil 
Benzene 
Trichloroethylene 
Petroleum Ether 

Vol. to Wt. RatiO 

4.5: I 
7.5: 1 

10.0 : I 
9.0: I 

11.0 : I 
5.0: I 
9.0: I 
7.0: 1 

12.0 : I 

AV AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Umted States Testmg Co., Inc. 
EnVironmental SCiences DiviSion 
1415 Park Avenue 
Hoboken, NJ 07030 
U.S.A. 
Telephone (201) 792-2400 
Contact: Mr. D. Hansen 

OTHER DATA - No additional data obtamed. 

Reference: Manufacturer's Literature; personal commumcatlOn, Mr. D. Hansen, Umted States Testmg Co., 
Inc. (26, 28 January, 1982). 
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CONCEPT PATENTED SPILL CONTROL COMPOSITIONS No. 79 

APPLICABILITY Gas Liquid Soltd 
Sol FI Sk Sol FI Sk 

DESCRIPTION - Patented Concepts. Spill control compositIOns formulated to neutraltze small volume Itquld 
chemical spills In enclosed environments. 

OPERATING PRINCIPLE - ACids, caustics, cyantdes and mercury are treated by mixing reagents with the 
spilled materials. 

PHYSICAL SPECIFICATIONS - CompositIOn (wt. %) of the neutraltzIng mixtures used for the treatment and 
clean-up of spilled: 

Hydrofluonc ACid: 

25 to 29% of calcium acetate 
71 to 75% water and a mixture of 
99.90 to 99.99% magnesium OXide, and 
0.01 to 0.10% pH indicator, preferably bromothymol blue. 

Other Minerai ACids: 

36.5 to 47.5% calcium carbonate 
35 to 45.5% sodium carbonate 
16.5 to 21.5% magnesium OXide, and 
0.008 to 0.012% soltd pH indicator, preferably brornothymol blue. 

Caustic Alkalts: 

51 to 81 % cltnc aCid 
12 to 21 % expanded perltte 
12 to 21 % flour 
1. 2 to 2.1 % fumed slltca 
0.01 to 0.50% pH indicator, preferably bromothymol blue, and 
1 to 3% water. 

Cyantdes: 

78 to 82% ferrous sulphate 
18 to 22% alkalt or alkaltne earth metal carbonate, preferably sodIUm carbonate. 

Mercury: 

41 to 52% ZinC or copper granules 
41 to 52% ZinC or copper powder, and 
5 to 9% sulfamlc aCid. 

OPERATING SPECIFICATIONS - pH indicator must undergo a perceptible colour change In the pH 6.0 to 8.0 
range. 

NeutraltZIng mixtures are activated With water prIOr to application to the spill In paste or Itquld form. 

ACids and Alkalts: 

The activated neutrahzIng mixture IS left on the spill unttl the pH indICator exhibits the appropriate 
colour change for neutral pH. 

The neutrahzed aCid or alkah mixture IS absorbed onto sawdust and disposed of. 
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Cyanide and Mercury: 

The activated neutralIzing mixture is placed on the cyanide or mercury spIll for sufficient time to 
adsorb the cyanide or mercury (approXImately 5 minutes). 

NeutralIzed spill disposed of as for aCIds and alkalIs. 

STATUS OF DEVELOPMENT AND USAGE - Use of these patented concepts with hazardous materials has not 
been documented. 

PERFORMANCE - Evaluation data not available. 

AVAILABILITY AND COMMERCIAL INFORMATION - These spIll control compositIOns were patented by 
James W. Seiden berger , Bethlehem, Pennsylvania and asslgned to the J. T. Baker ChemIcal Company. 

U.S. Patents: 3975 298, 3994821, 4011 098, 4 105576, and 4 210460. 

J. T. Baker ChemIcal Company 
222 Red School Lane 
PhIllIpsburg, NJ 08865 
U.S.A. 
Telephone (201) 859-2151 

OTHER DATA - CommercIal products are avaIlable from J.T. Baker for cleamng up solvent spills 
(SOLUSORB) and mineral aCid spIlls (NEUTRASORB). 
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2.8 FWlClamental Wastewater Treatment Techniques No. 80 

The feasibilIty was exammed of physical and chemical wastewater treatment techmques as hazardous material 
spills countermeasures 0, 2, 3, 4, 5}. These techmques mclude: 

Chemical 

A. 
B. 
C. 
D. 
E. 

BlodegradatlOn 
ChelatlOn 
Chem Ical OXlda tlOn/Reductlon 
NeutralIzatIon 
Photochemical OXldatlOn/ReductlOn 

PhYSical 

F. Carbon Adsorption 
G. Ion Exchange 
H. PrecIpitation, FlocculatlOn and 

SedlmentatlOn 
I. Reverse OsmosIs 
J. Solvent ExtractlOn 
K. UltraflltratlOn 
L. Wet Air OXldatlOn 

The followmg sectlOns deviate from the standard format of the survey. They briefly summarize each 
wastewater treatment techmque. The reader IS directed to product entnes, where applIcable, m the survey 
which complement the review. References are also cited throughout thiS discussion and appear m numbered 
sequence to conclude the sectlOn. 

2.8.1 Chemical Wastewater Treatment 

A Biodegradation 

BlOloglcal oXldatlOn of dissolved orgamc matter to simple orgamc or morgamc end products occurs 
through mlcro-orgamsms growmg m either aerobic (with oxygen) or anaerobic (without oxygen) environments. 
Aerobic oXldatlOn IS most commonly used smce It IS easier to operate than anaerobic processes and the end 
products are more acceptable than those of anaerobic dlgestlOn (e.g., water, carbon dlOxlde, sulphates versus 
methane, mercaptons and hydrogen sulphide). 

AerobiC oXldatlOn processes are more commonly known as activated sludge systems. The sludge 
(blOmass of orgamcs m solutIOn) IS active when oxygen and nutrients (N,P) are mamtamed m suffiCient 
quantities to support the metabolism of the mlcro-orgamsms. Activated sludge, as well as anaerobic 
oXldatlOn, WIll not functIOn WIth wastes of hIgh concentratIOns of toxms (e.g., heavy metals) and refactory 
organics (e.g., tertiary butyl alcohol or pyndme) and/or wastes of extreme pH levels(1). 

BlOdegradatlOn has been considered a hazardous material countermeasure of llIntted use because of 
the sensitivity of mlcro-orgamsms to their environment and the hazards which could be mtroduced through the 
orgamsms themselves If not properly controlled. However, mobile activated sludge processes have been 
developed (e.g., UNOX Process of Umon Carblde(2» and successful cases of m-sltu treatment (I.e., mlcro­
orgamsms active m a semi-controlled natural environment) have demonstrated the long-term cleanup 
capabilities of biodegradation. 

B 

The followmg table summanzes blOdegradatlon techniques now employed. 

Chelation 

Chelatmg agents are compounds or ligands (generally organic) that bmd a metal lOn to more than 
one posltlOn on the chelatmg agent. ThiS bmdmg prevents the metal from reactmg chemically, thus reducmg 
Its toxIcity. 

There are two groups of chelatmg agents: 1) sequestrants which bmd the metal IOn but remam 
soluble m water; and 2) precIpitants which form msoluble complexes. 

EDT A (ethylenedlammetetraacetlc aCid) has been Identified as a promlsmg sequestering chelatmg 
agent(J). It forms stable complexes With copper, mckel, zmc, cadmIUm, Iron and other heavy metals. EDT A IS 
less effective WIth silver, antimony and tltamum and compounds such as potassium dichromate, potassIUm 
permanganate, chromiC anhydrtde and sodIUm ferrocyamde. 

Oxme (8-hydroxyqumolme), a precIpitant, performs lIke EDT A, but IS !tmlted m app!tcatlOn due to 
ItS low solublhty. EDTA IS Widely available (used m the food and medlcme mdustnes) and IS lower m tOXICity 
than oxme. 

Chelatmg agents may be useful for detoxlfymg spills contammg heavy metals, but the ultimate 
removal of the resultant hgand-metal complexes must be made usmg other wastewater treatment techmques, 
such as reverse OsmosIs or solvent extractlOn. 



OVERVIEW OF BIOLOGICAL TREATMENT PROCESSES (4) 

Estimated BO]) Energy Chemical 
Upper Limits Demand Demand 

Pnnclpal % Solids Average Effectively (% of (% of 
Microbial Optimum Range In Waste Retent:on Handlerl total total Total Cost 

BiologICal Process PopulatIOn Temperature (m pH) Stream Time Orgamc Decomposed (mg/Ll Effluent Residue cost) cost) ($/1 000 gall 

Enzyme Treat- None MesophiliC I 5 to q 5 < '0 Nil all can be decomposed No limit C02 and water None <10 <10 Prohibitive 
ment vanes by a series of enzymes If comolete product lOn and 

Der treatment, other- Immobllization 
enzyme wise intermediate cost 

decomposl t10n 
products 

Activated Sludge Aerobic hetero- I\'esophII IC h to ~ < I < I day all but od. grease and < 10000 C02 and water, Biomass >10 >10 <5 
Treatment trophic bactena halogenated aromatics. 5 to 15% Influent sludge 

nitrogen compound BnD remainS 

Tnckllng Filter Aerobic hetero- ~'esophllic 6 to S < I < I day all but od. !',rease and < ,000 C02 and \vater, Biomass <5 >10 <3 
trophic bacteria halogenated aromatiCS, 10 to 20% mfluent slu~ge 

nitrogen compound BOD remains 

Aerated Lagoon Aerobic hetero- MesophiliC 6 to S < I 2-7 days all but 011, grease and <5000 C02 and water, BIOmass >10 >10 <3 
trophic bactena halogenated aromatiCs. 10 to 30% mfluent sludge 
and facultative nitrogen compound ~on remains 00 

anaerobIc '" 
heterotrophic 
bacteria 

Waste Stablll- Aerobic hetero- MesophiliC 6 to S <0 I 3-6 months mostly carbohvdrates <100 C02 and water, None <5 <5 <2 
zatlon Pond trophic bactena proteins, organic I to 10% mfluent 

and autotrophic aCids and alcohols BOD remams 
algae 

AnaerobiC Obligate anaer- Thermo- 6 4 to 7 5 < I 0 2 weeks mostly carhohydrates Not applicable MIXed liquor of "Stabl- <5 <5 <15 
DigestIOn oblc hetero- phlilc proteIns, orgamc aCids biomass and llzed" 

trophic bacteria and alcohols Interst] tlal water, sludge 
40 to 50% Influent 
vo latlie sludge 
solids remain 

Compostlng 4 Aerobic hetero- Mesophilic 5 to 8 5 < 50 3-6 months all or~amcs, phos- No limit Leachate with None <5 >10 <30 
trophIC bacteria and Thermo- phorus compounds soluble org,amcs 
and facultative phlilc and nitrogen 
anaerobiC compounds 
heterotrophic 
bacteria and 
fungi 

* see SectIOn 5.4 Biodegradation In thiS survey 
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Consult directories of manufacturers such as Fraser's Canadian Trade Directory, Thomas Register 
of Amertcan Manufacturers ("Thomcat" directory) or the annual Chemical Week Buyer's GUide under "Water 
Treatment (Chemicals) for supplters of chelatlng agents. 

C Chemical Reduction/Oxidation 

ReductIOn/OxidatIOn ("Redox") reactions constitute d transfer of electrons from one species to 
another. The speCies accepting electrons (becoming more negatively charged) are reduced and the species 
losing electrons (becoming more POSitively charged) are OXidized. For example: 

2MnOij. + CN- + 20H- 2MnO~- + CNO- + H20 

Manganate Cyanate Permanganate Cyantde 

Cyantde acts as the reducmg agent, transferring one electron to permanganate and reducing It to 
manganate. Simultaneously, cyantde IS OXidized to cyanate which has one less electron than cyantde. 
Therefore, OXIdiZing agents are themselves reduced when inducing OXidatIOn and reducing agents are Similarly 
OXidized when reducing another species. 

Redox reactions can be used to change hazardous species Into less harmful forms. 

Oxidation. OXldf-lng agents mclude flUOrine, hydrogen perOXide (H202), permanganate (MnOij.), 
chlorine, dichromate (Cr207 -) and air. Fluorine IS the strongest oXidizer, but rarely used for Industrtal 
applicatIOns because of the hazards Involved In handling and controlling It. Air IS the safest OXidizer (easily 
handled, no overdose hazards) and offers other benefits such as precIpitating ferrous Iron, OXidatIOn of 
sulphltes and hydrogen sulphide, and strtpplng volatIle matertals from wastewaters(4). However, oxygen IS only 
sltghtly soluble In water. Therefore, OXidatIOn by aeratIOn requires eqUipment to deltver large volumes of air 
and time to prOVide complete OXidatIOn. 

Most OXidants have been used for treatment of Inorgantc compounds, notably cyanide, as mdlcated. 
PotassIUm pennanganate (KMn04), hydrogen perOXide, and ozone have been used to OXidize organtcs. 

Wastes Treated by OXldants(4) 

OXidant 

Ozone 

Air (atmospheriC oxygen) 

Chlorine gas 

Chlorine gas and caustic 

Chlorine diOXide 

Sodium hypochlortte 

Calcium hypochlortte 

Potassium permanganate 

Trace quantities only 

Permanganate 

Nitrous aCid 

Waste 

(a) 

Sulphltes (S03=) 
Sulphides (S=) 
Ferrous Iron (Fe++) - very slow 

Sulphide 
Mercaptans 

Cyantde (CN-) 

Cyantde 
Dlquat 
Paraquat - pestiCides 

Cyanide 
Lead 

Cyantde 

Cyantde - organtc odors 

Lead 
Phenol 

Dplquat ---'t pestiCides 
araquatI 

Organtc sulphur compounds 

Rotenone 
Formaldehyde 

Manganese 

Benzldene 



OXidant 

Hydrogen peroxide (8) 

Waste 

Phenol 
Cyamde 
Lead 
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Hydrogen Sulphide 
Polysulphldes 
Hydrosulphlte DlthlOmte 
PolythlOnate 
ThlOsulphate 
ThlOls, Mercaptans 
Aldehydes 
HydroquInone 

(a) See also PHOTOCHEMICAL OXIDATION/REDUCTION, sectIon 1.5 of thiS reView, for further diSCUSSion 
regarding ozone. 

OXidiZing agents may react violently In the presence of slgmfIcant quantities of readIly oXidizable 
orgamcs. Therefore, these agents should be well mixed and added slowly to spIlls to aVOid mOlnentary excesses 
and VIOlent reactions. OXidation reactIOn times occur within seconds to minutes. 

Waste solutIOns to be treated by chemical oXidation must be pH-adJusted to assure efficient 
oXidation. For example phenol Will oXidize In the range of pH 5 to 6, whIle cyamdes require more alkaline 
conditIOns (pH 8.5 to 10)(7). ThiS requireIT1ent can lImit the applicabilIty of oXidatIOn In a spill situatIOn where 
Immediate response and limited control make preparation of the spill site difficult. 

Carbon diOXide, water, partially OXidized orgamcs (I.e., short chain orgamcs from long chain 
compounds) and Insoluble Inorgamcs are the common products of chemical OXidatIOn. The latter two products 
may require further treatment such as carbon adsorptIOn and sedimentatIOn. OXidiZing agents, such as oxygen 
and hydrogen perOXide, have the advantage that they Introduce no additIOnal foreign IOns to the mixture. 

Reduction. Commonly used redUCing agents Include sulphates (e.g., sodium thlOsulphate), sulphltes 
(e.g., calCium sulphite), sulphur diOXide, and waste Iron. (Domestic sewage has been suggested as the 'best' 
reductant, ItS redUCing power increasing With oxygen demands (BOD and COD) (6, p. 4 to 1 I). Adding domestic 
sewage to a hazardous spill IS a matter left to the discretion of the reader~) 

Wastes Treated by Reductants(4) 

Reductant 

Sulphur diOXide 
(often flue gas) 

Sulphite salts 
sodIum blSulphlte 
sodium metablsulphlte 
sodIum hydrosulphlte 

Ferrous sulphate 

Waste pickle liquor 

Powdered waste Iron 
Powdered waste aluminum 
Powdered metallic ZinC 
SodIUm borohydnde (NaBH4) 
SodIUm borohydnde 
Sodium borohydnde 

Waste 

ChromIUm (VI) 

Mercury-containing 
Tetra-alkyl-lead 
Silver 

------------------------------
As the above table indicates, redUCing agents have been used primarIly for treating Inorgamcs, 

notably chromIUm. These agents lower the OXidation state (e.g., Cr+6 to Cr+3) of a substance, redUCing Its 
toxIcity or solublilty, or transforming It Into more easIly handled forms. 

The end produ_cts of reductIOn are SimIlar to those of OXidation reactIOns. Quantities of esters 
large enough to cause odour problems may evolve when redUCing heavy metals from waste 011. The effluent 
solutions contalmng redUCing sodIUm borohydnde and ZinC are typically aCidiC and should be neutralIzed before 
discharge, uSing matenals such as hydrated lIme, caustic soda or soda ash(4). 
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In general, redox reactions are most efficient when controlled m wastewater treatment systems, 
such as: 

Entry No. 

EPA Mobile Physical/Chemical Treatment Trailers 69 
EPA Mobile FlocculatIOn - SedimentatIOn System 68 
EPA/Met-Pro Mobile Independent Physical/Chemical 67 

Wastewater Treatment System 

D Neutralization 

Strong bases are the most economical (J.e., smallest amount required) reagents for the neutraliza­
tIOn of strong aCids - and vice versa. However, excess applicatIOn of strong neutralizers can result m extreme 
pH levels (I.e., outside the range of 6 to 9) which are as hazardous as the orlgmal spilled chemical. 
Consequently, sodium dlhydrogen phosphate (NaH2P04) has been IdentIfIed as the most promISIng agent for 
neutrallzmg baSIC or alkalme spills and sodIum bicarbonate (NaHC03) as the most promISIng neutralizing 
agents for aCid spllls(!). (The pH range of 6 to 9 IS representative of natural waters.) 

MisapplIcatIOn of I.O.M. sodium dlhydrogen phosphate could result m a pH as low as 4.5. ThiS IS 
safer than pH 0.3 for 1.0 m sulphUriC aCid or pH 2.4 for 1.0 M acetic aCid. Similarly, an overshoot of a 1.0 M 
sodIum bicarbonate solution would Yield a pH of 8.3 compared to pH 12.4 for a 0.024 M solution of lime. (Lime 
IS less expensive and more readily available than sodIUm bicarbonate but these characteristics could lead 
response personnel to apply excessive amounts to an aCid spill when sodium bicarbonate would neutralize a 
spill With greater safety.) 

Chemicals Recommended for Neutralization by SodIUm BlCarbonate(!) 

ACids 

AcetiC !\cld 
Acrylic ACid 
FormiC ACid 
HydrochlOriC ACId 
HydroflUOriC ACid 
Hydrogen ChlOride 
SulphUriC ACid (spent) 
Hydrogen FlUOride 
NitriC ACid 
OxaliC ACid 
PhosphOriC ACid 
PropIOnic ACid 
SulphUriC ACid 

Bases 

Amlnoethylethanolamlne 
Ammonium HydrOXide 
Caustic Potash SolutIOn 
Caustic Soda Solution 
Cyclohexylamme 
Dlethynolamme 
Dlethylamme 
Dlethylenetrlamme 
Dllsopropanolamlne 
I,I-Dlmethylhydrazme 
Ethylenedlamme 
Hydrazme 
Monoethanolamme 
MonOlsopropanolamlne 
Morpholme 
Potassium HydrOXide 
SodIUm HydrOXide 
Trlethanolamme 
TriethylalTllne 
Trlethylenetetramme 
Trunethylamme 
Hexamethylenedlamlne 

Compounds Reactmg With Water 
to Give ACids 

AcetiC !\nr.ydnde 
Alummum ChlOride 
Benzoyl ChlOride 
Bromme 
Chlorosulphonlc ACid 
MaleiC Anhydnde 
Nitrogen TetrOXide 
Nitrosyl ChlOride 
Oleum 
Phosphorus OxychlOride 
Phosphorus Pentasulphlde 
Phosphorus TrichlOride 
Polyphosphorlc ACid 
Sulphur Monochlorlde 
Sulphuryl ChlOride 
Titanium TetrachlOride 

Compounds Reactmg With Water 
to Give Bases 

Sodium 
SodIUm Amide 
Sodium Hydride 
Anhydrous AmmOnia 
Ethylenelmme 
Lithium Aluminum Hydride 
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NeutralizatIOn of basIc spills In streams or ponds uSing sodIUm dlhydrogen phosphate mayor may 
not result In an Increase In algal growth as phosphate IS usually a limiting growth nutrtent of aquatic flora. 

Natural disperSion of streams or ponds Will dilute most chemical spills, but the consequences of not 
neutraltzmg aCid or alkaltne spills, or overdosing such spills With strong aCids or bases, can result In chemical 
burns of plant lde, pOSSible Increases In the Chemical Oxygen Demand, and resolubllizatlOn of heavy metals 
from a lowenng of pH. 

For suppliers of sodium bicarbonate and sodIUm dlhydrogen phosphate, consult manufacturers 
dlrectortes such as the annual Chemical Week Buyer's GUide, Fraser's Canadian Trade Directory, or Thomas 
Register of Amertcan Manufacturers ("Thomcat" directory). 

E Photochemical Oxidation/ReductionO, 2, 6, 7) 

See also Entnes No. 141 and 146. 

UltravIOlet light can be utlilzed either In combinatIOn With ozone to OXidize organics or In a 
redUCing environment to de halogenate chlorinated, bromlnated or IOdinated organics. The UV /ozonatlOn 
process requires on-site ozone generatIOn With some residual release; the percent destructIOn would generally 
be limited by ozone supply capacity. The process IS not SUitable for concentrated wastes high In organics or 
suspended solids. Skid-mounted packages have been developed which illustrate, to some extent, features 
approprtate for the control of hazardous matertal splils. These Include compactness, qUick startup and 
shutdown, unskilled operator operation, ready maintenance, and self-contained power plant. UV and ozone 
have been used to OXidize such substances as refractory and tOXIC chemicals, organometallic complexes and 
reduced morganlcs. 

UV light IS also used In the light Activated ReductIOn of Chemicals (LARC)(6) process In 
combination With hydrogen gas. The approach IS descnbed In greater detali In Entry No. 141. 

Bnefly, It entails the use of UV to Initiate a photochemical process by cleaVing, for example, the 
carbon-chlorine bond In a PCB molecule. In the presence of the hydrogen gas, a carbon-hydrogen bond forms; 
degradation products Include biphenyl and hydrogen chlonde (when chlorinated organics are Involved) which 
can be removed by distillation. 

LARC dehaiogenatlOn reactIOns are normally conducted In a baSIC water, alcohol or hydrocarbon 
solvent. For decontamination of SOils, a light-weight alcohol, baSIC water or hydrocarbon solvent can be used 
for the extractIOn. Once neutralized, the decontaminated soil can be returned to the environment. 

A moblie Unit for the destruction of PCBs In soli has been proposed which IS based on the LARC 
process. The system IS reported to entail lower costs than comparable splil response systems utlilzlng 
landfliling techniques for the contaminated SOil. Its deSign would be predicated on pilot plants constructed to 
investigate the use of Single and multiple UV lamps, the wavelength of light employed, temperature effects, 
Increases In hydrogen flow and turbulence. 

2.8.2 Physical wastewater treatment 

F Carbon Adsorption 

Many organic, and some inorganic, molecules In solutIOn can attach themselves through attractive 
forces to the solid surface of activated carbon until equlilbnum IS established With the concentratIOn In 
solution. The adsorbing carbon IS produced from cellulosIc materials such as wood, coal, peat and hgnln which 
have undergone dehydration and carbonizatIOn. Pore openings are then enlarged by activatIOn to Increase the 
surface area and therefore the adsorptive capacity. 

Carbon adsorption depends upon the molecular Size, structure, solubility and polarity of the 
material being adsorbed; the type of carbon; pH of the solution; and carbon contact time. Generally, the rate 
of adsorption Increases With increasing temperature and decreaSing concentratIOns (1000 mg/L soluble 
contammant or greater reqUires excessive detentIOn times and produces large amounts of spent carbon). An 
indicatIOn of chemical apphcablhty(7) IS as follows: 



Selected Organics Removed by Activated Carbon 

----------------
Carbon 
capacity 
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Compound (mg/g)* Compound 

Hexachlorobutadlene 360 1,2,3,4-Tetrahydronaphthalene 
Anethole 300 Adentne 
Phenyl Mercuric Acetate 270 Nitrobenzene 
p-Nonyl Phenol 250 Dlbromochloromethane 
ACridine Yellow 230 Ethyl Benzene 
Benzidine Dlhydrochlorlde 220 o-AnlSldlne 
n-Butyl Phthalate 200t 5-Bromouracll 
N-Nltrosodlphenylamlne 220 Carbon Tetrachloride 
Dlmethylphenyl Carbinol 210 Ethylene Chloride 
Bromoform 200 2,4-DInltrophenol 
B-Naphthol 100 ThymIne 
ACridIne Orange 180 5-ChlorouracIl 
a-Naphthol 180 Phenol 
a-NaphthylamIne 160 TrIchloroethylene 
Pentachlorophenol 150 AdiPIC ACid 
p-Nltroantlme 140 Bromodlchloromethane 
I-Chloro-2-NItrobenzene 130 bls-2-Chloroethyl Ether 
Benzothlazole 120 Chloroform 
DiphenylamIne 120 UracIl 
Guanine 120 Cyclohexanone 
Styrene 120 5-Fluorouracil 
Dimethyl Phthalate 97 Cytosine 
Chlorobenzene 93 Ethylenedlamtnetetraacetlc ACid 
HydroquInone 90 BenzOic ACid 
p-Xylene 85 Benzene 
Aceto~~~Q~~ _____________ ~ ____________________ _ 

Carbon 
capacity 
(mg/g)* 

74 
71 
68 
63 
53 
50 
44 
40 
36 
33 
27 
25 
21 
21 
20t 
19 
11 
II 
II 
6.2 
5.5 
1.1 
0.86 
0.80 
0.70 

* Capacity at Co = I mg/L; milltgrams of chemical adsorbed per gram of carbon 
t Adsorption capaCities at pH 3. 

Examples of Chemicals Not Adsorbed by Activated Carbon 

1. Acetone cyanohydrin 6. Ethylenediamine 
2. Butylamtne 7. Hexamethylenedlamtne 
3. Choline chlOride 8. Morphohne 
4. Cyclohexylamlne 9. TriethanolamIne 
_5. __ Qlethylene_gJ,ycol _____________________ _ 

Once the capacity of the carbon to remove a substance has been exhausted, the spent carbon must 
be replaced, disposed of and/or regenerated for reuse. Thermal regeneratIOn IS most commonly employed; It IS 
a technique that IS pOSSible tn the field With some mobile systems. 

The removal of spilled hazardous materials UStng powdered or granular carbon usually consists of 
external treatment through carbon columns or beds brought to the site. See also EntrIes No. 57, 58 and 62. 
SometImes a laboratory batch test IS neces~ary to defIne carbon effectiveness when Its appltcablltty to the 
released substance IS unknown. Other consideratIOns when utlltZIng carbon adsorptIOn methods for spill 
response tnclude(1, 7): 

(1) Ordenng carbon for field use may require I to 2 days lead time and an additional 24 hours to 
wet prIor to use. 

(2) Wetttng carbon results In effiCient adsorption. A source of clean water must be avaIlable on 
site prtor to startup. 

(3) Adsorptive capacity of a carbon bed IS reached at "breakthrough". Curves can be prepared 
Illustrattng termInatIOn of the cycle (breakthrough) so that spent carbon can be replaced and other columns 
used (assumIng a multiple column system In senes). 
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(4) Use of a carbon column as a filter results m mefflclent use of Its adsorption capablhtles. 
Clarification IS usually a necessary pretreatment step prior to carbon adsorption. 

(5) Bed stratifICatIOn (through mltlal backwash), good flow distribution and an underdram system 
(to prevent carbon from eXltmg With effluent) mcrease the efficacy of carbon adsorption. 

Other forms of carbon such as "tea bags", other packagmg concepts, and carbon broadcast on water 
m powdered form have also been tried as means of In-situ treatment of spilled materials, but generally exhibit 
lower capacity than larger multiple column systems (see Entry No. 58). 

G Ion ExchangeO, 2, 4, 7) 

ThiS process mvolves the exchange of tOXIC or undesirable IOns m wastewater for relatively 
harmless Ions such as H+, OH-, Na+, held by electrostatic forces to functional groups on the surface of a sohd 
IOn exchange material. The material IS usually a synthetiC organic resm that can be a weakly or strongly 
aCidiC catIOnic exchanger or baSIC anion exchanger. Natural substances such as zeohte, clay and protem have 
also been used. More recently, sorptlve resms have been developed which are capable of removmg orgamcs 
from aqueous systems by sorption rather than Ion exchange. ReSin regeneration consists of "elutIOn" of the 
adsorbed matenal With an orgamc solvent or morganlc salt solutIOn. Concurrent and countercurrent flxed bed 
as well as contmuous countercurrent IOn exchange systems are m use today. 

Ion exchange IS applied to water softening, boiler water treatment and matenal recovery and/or 
treatment of effluent from electroplatmg and mUnitions plants. Ion exchange IS also effective m removmg 
fertilizers, dyestuffs, pestICides, chlorme and resms, recovenng phenol from 20% bnne, and removal of colour 
and organics from pulp mill waste. 

Pretreatment for suspended solids removal may be necessary for longer service. Frequent resm 
regeneratIOn may also be required for very concentrated waste. The reSidue produced then must be treated 
further or disposed of, but thiS seldom exceeds 10% by volume of the mfluent. 

Trailer-mounted Units have been used on a pilot-plant scale in field studies mvolving the processmg 
of bIOlogICally-treated sewage and wastewaters at a mumtlons plant and at a naval mstaliatlOn. Overall, there 
are many deSirable features which make the approach promlsmg for hazardous material spill response. These 
mclude the deSign potential for compact, modular umts, qUick startup and shutdown, convement servicing, 
unskilled operator operation and ease of automation. Ion exchange IS apphcable to a range of waste types and 
concentrations mcludmg those havmg low or high pH and oXldlzmg chemicals if resm types, system deSign, and 
operatIOn are optlmumly selected. 

H 

Major developers/suppliers located 10 the U.S.A. and Canada: 
Chemical SeparatIOn Corp. 
Oak Ridge, TN, U.S.A. 

Crane Co. 
Kmg of PrUSSia, PA, U.S.A. 

Dow Chemical 
Midland, MI 
Sarma, Ontario, Canada 

Ecodyne 
Umon, NJ, U.S.A. 

Ilhnols Water Treatment 
Rockford, IL, U.S.A. 

Inflleo 
Richmond, VA, U.S.A. 

Permutlt 
Paramus, NJ, U.S.A. 

Rohm and Haas 
Philadelphia, PA, U.S.A. 
Westhlll, Ontano, Canada 

Precipitation, Flocculation and Sedimentation 

PreCIpitatIOn, flocculation and sedimentation represent a common sequence for treatmg mdustrial 
and mUniCipal wastewaters. PreCIpitatIOn transforms a substance m solutIOn mto small (colloidal) solid 
particles. FlocculatIOn agglomerates these particles mto larger suspended solids which can then be separated 
from the water by gravity sedimentatIOn. 

Precipitation. Pnmanly', morgamc lomc species (e.g., metals) are treated usmg precipitation. 
Three classes of such compounds are(l): 

1) Divalent Metals formmg msoluble products With a vanety of anions (cadmium chloride, 
copper sulphate, ferrous sulphate, mckel sulphate, zmc chlOride). 
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2) High Valency Metals (antimony trifluoride, silver nitrate, titanium tetrachloride). 

3) Oxyanions subject to redox reactions and subsequent precipitation (potassium dichromate, 
potassium permanganate). 

Most precipitation reactions are induced by one or a combination of the following mechanisms: 

- Adding a compound which readily reacts with the substance to be precipitated to form a 
sparingly soluble compound, e.g., add sodium sulphide (Na2S) to zinc chloride (ZnCI2) to precipitate zinc 
sulphide (ZnS). 

- Adding a substance that will shift the solubility equilibrium of the dissolved waste such that 
an unstable unsaturated solution is formed, e.g., add hydroxide (OH-) to a solution of ferrous ions (Fe++) such 
that Fe (OH2) precipitates as a solid. 

- Changing the temperature of a saturated or nearly saturated solution to decrease stability. 
This technique has very limited application for waste treatment because the solubility of the sparingly soluble 
precipitates is a weak function of temperature(2). 

Flocculation. Flocculation and coagulation are both terms describing the mechanism of agglomera­
ting suspended particles into larger particles. No precise definitions have been accepted which differentiate 
the two terms. Flocculation is adopted here since most manufacturers market coagulants as flocculating 
agents. 

The mechanism of flocculation comprises two sequential mechanisms: 

1) Repulsive surface forces are chemically destabilized so that particles will stick together 
when they touch. 

2) Chemical bridging between nonrepelling particles allows larger particles to form. 

Commonly used inorganic flocculants include alum, ferric chloride and lime. In the case of alum, 
for example, fluffy, gelatinous 'floc' of aluminum hydroxide is formed upon mixing with wastewater. This floc 
enmeshes smaller particles due to its large surface area and thereby creates larger particles. Ferric chloride 
is effective in clarifying both organic and inorganic suspensions. Dilute suspensions require dosages of 
approximately 50 to 500 mg/L, although larger dosages may be required for concentrated or highly alkaline 
suspensions. (The pH should be above 6 for best results.) Excessive doses of ferric chloride will result in a 
brown-coloured effluent and should be avoided. 

Alum (aluminum sulphate) is effective in clarifying both organic and inorganic suspensions. The pH 
should be controlled in the range of 6.5 to 7.5. Alum dosages of 100 to 1000 mg/L should be effective for 
dilute suspensions. As with ferric chloride, suspensions low in alkalinity may require an addition of lime or 
caustic to produce the final pH range of 6.5 to 7.5(1). 

Potential candidates for precipitants, in order of decreasing effectiveness (8) are: metal sulphides, 
phosphates, hydroxide, carbonate and oxalate. Of the sulphides, hydrogen sulphide and sodium sulphide are not 
recommended. Hydrogen sulphide is a toxic gas and the strong basicity of sodium sulphide (similar to sodium 
hydroxide) would produce a pH outside the acceptable range of 6 to 9 if misapplied. 

Dibasic sodium phosphate is a preferred phosphate precipitant, widely used in wastewater 
treatment and in the food industry. It is not effective against soluble chromium or manganese compounds, 
spills of which could be treated by sodium sulphite or ferrous sulphate. 

More recently developed flocculants are organic polyelectrolytes consisting of long-chain, water­
soluble polymers, such as polyacrylamides. They are available in anionic, cationic or nonionic form and may be 
effective alone when flocculating suspensions of inorganic materials (clay, soils, colloidals, metal salts, etc.). 
These polyelectrolytes are usually not effective alone when flocculating organic suspension, but can be used 
with alum or ferric chloride for treating organic suspensions. Dosages vary with both the type of charge on 
the polymer and the type of suspension to be treated. Cationic polyelectrolytes are generally added in higher 
dosages, 1 to 10 mg/L in dilute situations (Jess than 100 mg/L suspended solids) and anionic or nonionic 
polymers are added at approximately 0.5 to 5 mg/L. When the solution is concentrated and the suspended 
solids concentration is greater than 1000 mg/L, add I to 300 mg/L of a cationic polyelectrolyte or 1 to 100 
mg/L or an anionic or nonionic compound(l). 

Some manufacturers of polyelectrolytes include Betz, Celanese, Cyanamid, and Rohm and Haas. 
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Sedimentation. PrecIpitatIOn and flocculatIOn are employed to Improve the fmal separation of 
hazardous chemicals from wastewater (I.e., gravity sedllnentatlOn). Settlmg basins or ponds and clarifiers 
(usually Circular) are the most common equipment used for sedimentatIOn. PrecIpitants and flocculants are 
best applted to wastewaters m such controlled systems rather than in-SitU (I.e., In flowing streams) because 
settled soltds are [nost effectively removed, reducing the opportunity for wastes, espeCially metals, to 
redissolve Into solutIOn. The U.S. Envlronrnental ProtectIOn Agency has Incorporated sedimentatIOn Into a 
number of mobtle wastewater treatment units. See the follOWing entries In thls survey for further explanatIOn 
of such systems: 

Entry No. 

EPA Mobtle PhYSical/Chemical Treatment Tratlers 69 
EPA Mobtle FlocculatIOn - SedimentatIOn System 68 
EPA/Met-Pro Mobile Independent PhYSical/Chemical 67 

Wastewater Treatment System 

Consult also directories of manufacturers such as Fraser's Canadian Trade Directory, Thomas 
Register of American Manufacturers ("Thomcat" directory) or the annual Chemical Week Buyer's GUide, under 
"Water Treatment (Chemicals)" for supplters of precIpitants and flocculants. 

Reverse Osmosis(2, 10) 

See also Entry No. 71. 

In reverse osmOSIS, high pressure IS used to force a solvent to flow from a concentrated solutIOn 
through a membrane permeable to the solvent but not to the solute. The result IS that a "permeate" can be 
produced low m dissolved solids along With "reject" (I.e., a concentrated waste), which because of Its relatively 
small volume can be readily disposed, treated or subjected to material recovery. ThiS concentratmg effect 
whereby chemicals can be effectlvely removed from a solvent, such as water, has positive ImpitcatlOns for the 
cleanup of hazardous matenal spills. In partlcular, newly developed membranes have taken the technology 
beyond ltS orlgmal primary use of the desalinatIOn of salt and bracklsh waters as more chemlcally-reslstant 
materials have emerged. These are capable of excluding smaller molecules. 

The Original membranes of cellulose acetate followed by ltS replacement cellulose tnacetate have 
glven way to thln-fllm composites UtlltZlng combinatIOns of polyamldes, polYlmldes, polyethers, polyesters 
and/or polysulphones. These are now constructed m three main conflguratlOns including spiral wound, hollow 
fibre, and tubular, each With ltS own advantages and dlsadvantages but all almed at optlmlzlng the RO process. 
SpeCIfically, past problems associated wlth membranes are being researched including fouling and degradation 
by suspended soltds, blologlcal growth, strong oXldlzers, very low or hlgh pH and high concentratIOns of 
specifiC substances such as phenols, calcIUm, stllca, sulphate and aluminum. 

For spill apphcatlOn, compact trader-mounted Units have been constructed In Canada(lO) and the 
U.S. These are based on RO technology used for the treatment of various industrial wastewaters and In the 
processing of chemicals, foodstuffs, etc. Features of such equlpment whlch make It partlcularly sUltable for 
cleanup Include the chOICe of membranes now avatlable, qUlck on-hne and shutdown capablhty, ease of 
operatIOn, ready maintenance characterlstlcs, small resldue volume, and self-contained power (dlesel) deslgn. 
EvaluatIOn of membranes by or on behalf of Envlronment Canada should ultlmately result In hardware wlth 
higher capacltles and appltcablhty to a broader range of chemicals of concern. 

J Sol vent Extraction 

Solvent extractIOn lS the process of contacting an lmmlsclble solvent wlth an aqueous solutIOn so 
that hazardous matenals In the aqueous solutIOn are transferred to the solvent phase. The solvent lS generally 
pUrified and reused. 

The use of solvent extractIOn In hazardous material splll cleanup lS hml ted by equlpment Slze and 
operatIOn, the compatlblhty of hazardous materials With appropnate solvents, and the environmental Impact 
of the solvent Itself. However, solvent extractIOn does offer the posslblltty of recovery and reuse of hazardous 
matenals from large volume spills, an advantage Similar to reverse osmosIs. 

Multlstage extractors are generally used rather than Single-stage solvent extractors because hlgher 
recovery rates can be achieved. A five-stage extractor (conSidered the practical hmlt of most equlpment(2)) 
could recover over 95% of a hazardous material if the partition coeffiCient IS greater than or equal to one. 
(The partitIOn coeffICient IS defined as the weight fractIOn of chemical In the solvent diVided by the weight 
fractIOn In the aqueous solutIOn (Ws/Ww).) However, multistage systems require more complex process control 
for effiCient operatIOn. 
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Interfacial tension and contact, and density differences between the aqueous phase and solvent are 
the primary factors affecting the mass transfer rate of a chemical between phases. Interfacial contact can be 
controlled by mixing, and interfaCial tenSIon by addItIves such as surfactants. InterfaCIal tenSIOn IS sensitive 
to impuntles (e.g., dissolved metals or orgamcs) In both phases. The lower the denSity difference between 
phases, the hIgher the mterfaclal tension must be to achieve adequate separatIOn. 

Four orgamc solvents have been Identified for extraction of spilled organics: vegetable Oils, 
heptane, octanol and oleyl alcohol(9). Vegetable oils are the preferred solvent pnmanly because of their low 
tOXICity (If leaked from the process to the enVironment), low fIre hazard and safe handling (e.g., soyabean 011 
flashpoInt IS approximately 280°C), relatively high interfacial tenSion, and avaIlabIlity m bulk. 

Of the follOWing lIst of chemicals studied by Drake et al.(l), about 20% were extractable With 
vegetable oIl (deSIgnated (T), I.e., partItIOn coeffiCients greater than or equal to one). Chemicals deSignated 
as no treatment reqUired (NT) are based on their low tOXICity and therefore treated by natural dIlutIOn and 
disperSIOn. NX denotes chemICals which cannot be extracted by vegetable 011 and ND means no data were 
available. 

Chemicals Subject to Solvent Extraction 

Chemical 

Acetone Cyanohydrm 
Allyl Alcohol 
Ammoethanolamme 
n-Amyl Alcohol 
1,4-ButenedIOI 
n-Butyl Acetate 
n-Butyl Alcohol 
sec-Butyl Alcohol 
tert-ButYI Alcohol 
1,4-ButynedlOl 
Carbon Blsulphlde 
Chloroform 
Chlorohydnns (crude) 
Corn Syrup 
Dextrose Solution 
Dlacetone Alcohol 
Dlchloromethane 
Dlethanolamme 
Diethylene Glycol 
Diethylene Glycol Dimethyl Ether 
Diethylene Glycol Monoethyl Ether 
Diethylene Glycol Monomethyl Ether 
Dusopropanolamme 
Dimethylsulphate 
Dlmethylsulphoxlde 
1,4-Dloxane 
Dlpropylene Glycol 
Eplchlorohydrm 
Ethoxytnglycol 
Ethoxylated Dodecanol 
Ethoxylated Pentadecanol 
Ethoxylated Tetradecanol 
Ethoxylated Tridecanol 
Ethyl Acetate 
Ethyl Acrylate 
Ethyl Akohol 
Ethylene Cyanohydrm 
Ethylene Glycol 
Ethylene Glycol Monobutyl-ether 
Ethylene Glycol Monoethyl ether 
Ethylene Glycol Monomethyl ether acetate 
Ethylene Glycol Monomethyl ether 
Ethyleneimme (Monoethanolamme) 
Formaldehyde Solution 

Comments 

NX 
NX 
NT 
T 
NX 
T 
T 
NT 
NT 
NX 
T 
T 
NX 
NT 
NT 
NT 
T 
NT 
NT 
NX 
NX 
NX 
NX 
ND 
NT 
NX 
ND 
ND 
NT 
NT 
NT 
NT 
NT 
T 
ND 
NT 
NX 
NT 
NX 
NX 
NX 
NX 
NX 
T 



Chemicals Subject to Solvent Extraction (Cont'd) 

Chemical 

Glycerine 
Hexylene Glycol 
Isoamyl Alcohol 
Isobutyl Alcohol 
Isopropyl Acetate 
Isopropyl Alcohol 
Methanearsomc ACId, SodIum Salts 
Methyl Acrylate 
Methyl Alcohol 
Methyl Amyl Alcohol 
Methyl Isobutyl Carbinol 
Methyl Methacrylate 
MonoethanolamIne 
MonolsopropanolamIne 
MorpholIne 
Paraformaldehyde 
Polypropylene Glycol Methyl Ether 
n-Propyl Acetate 
n-Propyl Alcohol 
Propylene Glycol 
Propylene Glycol Methyl Ether 
Propylene OXide 
SodIUm Alkylbenzene Sui phonates 
SodIUm Alkyl Sulphates 
Sorbitol 
Sulpholane 
Tetrahydrofuran 
TriethanolamIne 
TrIethylene Glycol 
Vinyl Acetate 
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Comments 

NT 
NX 
T 
NT 
NT 
NX 
ND 
T 
NT 
T 
T 
T 
NT 
NT 
ND 
T 
NX 
T 
NX 
NT 
NX 
NT 
T 
T 
NT 
ND 
ND 
NX 
NT 
T 

Solvent extraction has been e'nployed In SOil cleaning systems. Refer to Entry No. 33 "EPA Solvent 
ExtractIOn System" for further diSCUSSion of the performance and operation of such systems. 

K Ultrafiltration 

DIlute products can be concentrated or certain chemicals recovered from waste streams by a 
pressure-driven membrane separatIOn process, operating at a lower pressure than reverse osmOSIS, known as 
UltrafIltratIOn (UF). The technique IS better SUited to deal With large molecular weight substances such as 
Kraft black liquor, cheese whey and dye rinses. In some cases, ultrafiltration can be Interchanged With reverse 
osmosIs USing the same baSIC hardware packaged to Increase the versatllJty of treatment capability. See also 
Entries No. 70 and 71. 

Generally, UF membranes feature pores covering a size range of 10-3 to 10-2 microns and operate 
at a pressure of 0.18 to 1.1 MPa (as compared to 2.6 to 4.2 MPa for reverse osmosIs). Lower operatmg 
pressures are poSSible because UF membranes are ITIlCroporous. The osmotic pressure of the materials 
retamed by UF membranes IS therefore so low that It does not Significantly mfluence the solvent flux. In 
comparison, RO membranes are nonporous diffUSIOn barriers. 

The separatIOn characteristics of UF membranes are determmed by their porosity and thickness as 
well as by system variables such as pressure, temperature, feed velOCity and waste compositIOn. Organic 
polymers such as cellulose acetate or iOorgamcs such as ZirconIUm OXide are used to fabricate the 
selTIlpermeable membranes. 

Common configuratIOns are tubular, spiral wound and hollow fiber. These can be custom­
fabricated iO terms of porosity for the separatIOn of speCifiC molecular weights between 500 and 500 000. 
(Solute molecules should be at least one to two orders of magnitude larger than solvent molecules.) 

To date, almost all commerCial uses of the ultrafiltratIOn process have been 10 industrial 
applicatIOns. A notable exceptIOn IS the Memtek CorporatIOn deVice (Entry No. 71)([0) which was developed 
to deal With spills of hazardous materials. The machine typifies the potential for UF IRO In spill response 
because It IS compact, mobile, easy to maIntain and operate, and IS a self-contained unit (With the exceptIOn of 
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storage). Membrane fouling and degradatiOn lS reported to be slmllar to reverse osmosls albelt to a lesser 
extent. Also, for wastes containing hlgh levels of low molecular welght substances, addltiOnal treatment of 
effluent may be requlred. 

L Wet Air Oxidation 

Hlgh strength or tOXlC orgamcs, and wastes contalmng slgmflcant concentratiOns of non­
blodegradable orgamc matter, can be treated by wet alr oXldatiOn. The process Involves the aqueous phase 
oXldatiOn of reduced Inorgamcs and orgamcs wlth alr at hlgh ten:!peratures (200 to 300°C) and pressures 1 to 29 
MPa) to Innoccuous Inorgamc end-products (e.g., C02, H20, SOli, etc.). Two main advantages are the absence 
of alr pollutiOn problems VlS-a-VlS conventiOnal combustiOn processes and the lack of waste pretreatment 
requlred such as sludge dewatering or drYing. Detads of the equipment used In variOUS Wetox systems are 
glven In four separate entnes (No. 139, 1~2, 1~9 and No. 150). 

Whde Wetox can achleve very hlgh destructiOn efflclencles of suspended sohd orgamcs, general 
hmltatiOns to splll response relate to the Slze and welght of equlpment sUltable for traller mounting. 
Currently, moblie (skld-mounted) umts capable of processing 38 L/mIn are amongst the largest avallable In the 
U.S. In Canada, work on a moblle system has been halted at present In splte of eariler promlSlng results. A 
further hmltatlOn, albelt less critlcal, lS the necesslty of supplementary heating In the case of low BTU 
wastes. The technology also requlres skliled operators, especlally for hazardous wastes as well as speclal 
deslgn and constructlOn materlals. Of several hundred umts In operatlon worldwlde, the maJonty of these are 
used In processing mumclpal sludges. 
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3 TEMPORARY STORAGE 

3.1 Flexible Containers 

PRODUCT FLEXIBLE TANKS - GENERAL LISTING No. 81 

APPLICABILITY Gas LIqUid Solid 
Sol FISk Sol FISk 

* * * 

Note: Some systems may be sUitable for the temporary storage of solids although these are In a minority. 

DESCRIPTION - Various fleXible or collapsible containers designed for storing and/or transporting chemicals, 
hazardous materials and petroleum products. These range from bladders Intended for on-land or In-water 
usage to open-top fleXible reservoirs. Both portable devices and those Intended for statIOnary set-up are 
marketed With minimal space requirements the most notable highlight when these systems are either being 
stored or transported. 

OPERA TING PRINCIPLE - Most fleXible bladders, pillow tanks or other collapSible containers have been 
developed to hold liqUids. Fully enclosed models feature an Inlet port; may also mclude an air vent, 
separate discharge opemng and hardware to effect direct coupling With pumps used to transfer the liqUids 
of concern. Durable construction permits their set-up In or transportatIOn to remote areas. 

PHYSICAL SPECIFICATIONS - These vary from company to company and model to model. Open-top tanks 
generally range In capacity from 1000 L (264 U.S. gal) up to 75708 L (20 000 U.S. gal), weigh 20 to 400 kg 
(44 to 882 Ib), and when full can occupy a space up to approximately 9 X 9 X 1.5 m (29.5 X 29.5 X 5 ft). 

Materials of construction also vary and Include: PVC-coated polyester or nylon substrate; Neoprene and 
Hyplon remforced With nylon; Two-ply urethane-coated nylon (Sheltente); and PVC-coated polyamld. 

Others mclude remforcement of polypropylene and polyester With coatings of nltnle, butyl, chlorinated 
polyethylene and various hybnds. 

OPERATING SPECIFICATIONS - Chemical compatibility should be determined through manufacturers as well 
as fill and discharge procedures, SUitable operatmg temperatures, storage requirements, size of fittings and 
expected life span. ConditIOns of use including lifting hardware, protective ground covers, U.V. shields 
and other accessories should also be determined. 

STATUS OF DEVELOPMENT AND USAGE - CommerCial products generally available With expected usage for 
hazardous matenals indicated or readily ascertained. Patented Ideas and prototypes are also discussed In 

more detail In separate entries thiS section. 

PERFORMANCE - Evaluation data were not obtained. Many systems are available that would appear to have 
applicatIOn to the cleanup of hazardous material spills. The use of fleXible containers prOVides qUICk but 
substantial liqUid storage volume, ease of handling prIOr to fill-up, IsolatIOn of the contaminant from the 
surrounding environment and, With proper plannll1g, facilitatIOn of transportatIOn to ultimate disposal 
facilitIes. 

AVAILABILITY AND COMMERCIAL INFORMATION - Several representative manufacturers have been 
selected and brief comments made on their products. These are presented In alphabetical order: 



Manufacturer 

Aero Tec Laboratories, Inc. 
Spear Road Industrial Park 
Ramsey, NJ 074-4-6 
U.S.A. 
Telephone (201) 825-14-00 
Telex 64-2730 ab ATLINC 

Alsthom Atlantlc:, Inc. 
Contact: 
Response Systems, Inc. 
820 Ritchie Highway 
Severna Park, MD 2114-6 
U.S.A. 
Telephone (301) 64-7-4-4-24-
Contact: Mr. Ken Wehmueller 

British Hovercraft Corporation 
East Cowes 
Isle of Wright 
England 
Telephone Cowes 4-101 
Telex 86761 

Dunlop Limited G.R.G. DIvIsion 
Plmbo Industrial Estate 
Skelmersdale, Lancashire WN8 9PW 
England 
Telephone 0695 24-111 
Telex 627107 

Kleber Marston Products 
6, Avenue Kleber 
75784- Paris Cedex 16 
France 
Telephone 553-01-00 
Telex 26811 

Kepner PlastiCS Fabricators, Inc. 
3131 Lomita Boulevard 
Torrance, CA 90505 
U.S.A. 
Telephone (213) 325-3162 
Telex 69164-6 

Sklmmex Ltd. 
270 Earls Court Road 
London SW5 9AD 
England 
Telephone 01-3703315 
Telex 918986 ab FISHG 

Transtech Contamer System Co. Ltd. 
3265 South Milway 
Townhouse 3 
Mlsslssauga,Ont. 
l5L 2R3 
Canada 
Telephone (4-16) 828-0859 
Contact: Mr. Ray Farren 
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Product(s) 

Petro-Flex and 
Chem-Flex pillow 
tanks. 
Cargo-Flex tanks, 
Topless tank, 
Drop drum. 

DlOdon flexible 
tanks 

FleXible pillow 
tanks 

Dracone barges 
and collapSible 
contamers 

FleXible tanks 

Seacontamer 
flexible containers 

Sklmmex temporary 
storage containers 

Transtech hquld 
container 

Comments 

A Wide range of flexible 
containers for chemical 
storage and transport. 

DeSigned for otl; are 
compatible With a vartety 
of hazardous materials. 

See separate entry thiS 
sectIOn. 

DeSigned for holding a 
range of chemicals 
including waste 
substances. 

Dracones deSigned as 
floating flexible tanks 
for Oil. Other Dunlop 
collapSible contamers 
deSigned to hold 
chemicals. 

DeSigned for the on-land 
storage of a Wide range of 
chemicals and Oils. 

Towable Oil contamment 
bag up to 375 000 L 
(99 065 U.S. gal) 
Consult manufacturer for 
chemical compatlbtllty. 

Consult manufacturer for 
compatlbtllty with other 
petroleum products. 

Rigid frame holds a 
fleXible bag of 2 680 L 
(708 U.S. gal) capacity. 
Should be compatible 
With many chemicals 
although deSigned for Oil. 
Consult manufacturer. 



Manufacturer 

Trelleborg AB 
ProtectIve Products DIvIsIOn 
P.O. Box 501 
S-23101 Trelleborg 
Sweden 
Telephone (46) 410 51 000 
Telex 32948 

Umroyal, Inc. 
Engmeered Systems 
312 North Hill Street 
MIshawaka, IN 46544 
U.S.A. 
Telephone (219) 255-2181 

MSA Research CorporatIOn 
Evans CIty, PA 16033 
U.S.A. 
Telephone (412) 538-3510 
Contact: Mr. Ralph Hiltz 

011 Recovery InternatIOnal 
Truckton Bridge 
Christchurch Dorset BH23 1 JS 
England 
Telephone 02015 6666 
Telex 41354 ab OIL MOP G 

Pronal SA 
139 Rue des Arts 
BP 19-59051 ROUbaIX 
France 
Telephone (20) 70 0710 
Telex 120750 

Soper's Engmeered FabrIC Products 
P.O. Box 277 
Chatham Street 
Hamilton,Ont. 
Canada 
L8N 3E8 

Versatech Products Incorporated 
60 RIverside Drive 
North Vancouver, B.C. 
V7H IT4 
Canada 
Telephone (604) 929-5451 
Telex 043-;2686 ab VERSTECH VCR 
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Product(s) 

Trellcone floatmg 
contamer 

Sealed tank, 
Sealed bm and 
other collapsible 
contaIners 

Portable collectIOn 
bag system 

Floatmg oil 
storage tanks 

Flexible tanks 

Port-a-tank 
foldIng storage 
tanks 

011 storage 
contaIners 

Comments 

Towable bags of 10,25 and 
50 m3 (353 883 and 
1766 ft3) storage. 
Consult manufacturer 
for chemical com pa tl blli ty. 

A comprehensive lIne of 
fleXible tanks and drums 
mtended for storIng and 
transportIng chemicals. 

Conceived specifically for 
storIng hazardous 
materIals. See separate 
entry thiS sectIOn. 

FleXible contaIners which 
can be towed. Consult 
manufacturer for chemical 
compatibility. 

One to 300 m3 (10 594 ft 3) 
tanks deSigned for the 
storage of chemicals, olls, 
foodstuffs and water. 

A frame supports an open­
top reservOir. See 
separate entry thiS 
sectIOn. 

Closed and open top 
fleXible contaIners 
deSigned for 011. Consult 
manufacturer for 
compatibility with 
chemicals. 

OTHER DATA - Industrial registers and telephone directOries should be referenced for other manufacturers. 
Chemical resistance of many materials should render many fleXible contaIners SUitable for use on 
hazardous materIal spIlls; however, thiS aspect should be predetermIned. Storage and transportation modes 
as well as longeVity should also be determIned. 
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PRODUCT DIODON FLEXIBLE TANK No. 82 

APPLICABILITY Gas Liquid SolId 
Sol FI Sk Sol FI Sk 

* 

May have applIcation to other lIqUids dependmg on circumstances. 

DESCRIPTION - A floatIng flexible tank for temporary storage of hazardous materials from cleanup of 
manne pollutlOn. The tank lS compnsed of neoprene-coated matenal contamed 10 a nylon net fltted wlth a 
tow 109 system. It has a fdlmg hose at one end, qUick connectlOn hardware, and a sIngle valve. At the 
other end of the tank IS a qUick openIng valve of larger diameter. 

Prepanng for Deployment 

OPERATING PRINCIPLE - The nylon net provides reInforcement to the flexible bag so that It can be towed In 
water or lIfted by helicopter or crane; It also acts as a fender to protect the bag. The tank can be emptied 
by pumpIng from the sIngle valve or by gravity draInage through the qUick openIng valve. 

PHYSICAL SPECIFICATIONS -

AvaIlable In 4, 10 and 20 m 3 (140350 and 700 ft3) capaCitles 

DlmenslOns and weight: 

Capacity m3 (ft3) 
Diameter m (ft) 
Length m (ft) 
Weight kg (lb) 

4 (140) 
0.9 (3) 
6.3 (20.6) 

30 (66) 

10 (350) 
1.8 (6) 
4.5 (15) 

II 0 (240) 

20 (700) 
2.25 (7.4) 
5.8 (19) 

150 (330) 



Filling hose 51 mm (2 In) dla. 
Outlet valve 305 mm (l ft) dla. 
Tow net 12 mm (0.5 In) dla. 
Resistance of bag 1.4 kg/mm 2 
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Materials of constructIOn - neoprene and Hypalon reinforced with nylon; exterIOr polypropylene netting. 

OPERATING SPECIFICATIONS -

Towing speed: 9 km/h (5.6 m/h) 

Designed for use with 011, but could be used for any chemicals compatible with neoprene. 

STATUS OF DEVELOPMENT AND USAGE - CommerCially available product used for Oil spill cleanup 
operations. Chemical compatlblhty should be obtained from manufacturer. 

PERFORMANCE - No evaluation data obtained. The reinforced bag combined With extenor netting should 
facilitate ItS handling In water-related pollutIOn inCidents at remote locatIOns. 

AV AIL ABILITY AND COMMERCIAL INFORMATION -

North American Dlstnbutor: Response Systems, Inc. 
820 Ritchie Highway 
Severna Park, MD 21146 
U.S.A. 
Telephone (301) 647-4424 
Contact: Mr. Ken Wehmueller 

OTHER DATA - DlOdon tanks were formerly dlstnbuted In North America by Alsthom Atlantic, Inc. of New 
Orleans, LA, U.S.A. who still supply such eqUipment through their parent company In Grenoble, France to 
Response Systems, Inc.; personal communicatIOn, Mr. K. Wehmueller, 5 June 1984. 

References: Manufacturers' Literature. 
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PROTOTYPE PORTABLE COLLECTION BAG SYSTEM No. 83 

APPLICABILITY Gas Liquid Solld 
Sol Fl Sk Sol Fl Sk 

* * * 

DESCRIPTION - Prototype. A unitized pumping and storage Unit for the collectlOn and temporary storage of 
hazardous llqulds. The portable Unit consists of a collapSible bag, hoses and pump. 

OPERATING PRINCIPLE - A pump draws hazardous llquld from up to 30.5 m (100 ft) away to a multl-sectlOn 
storage bag. 

PHYSICAL SPECIFICATIONS -

Bags: 

Pump -
Motor -
Hoses -

Valves and 
Flttmgs: 

One header, three attached reservoirs (four total) 
DlmenslOns of each bag 6.1 x 0.9 m (20 x 3 ft) diameter 
Total CapaCity: 26 500 L (7000 U.S. gal) 
FabriC: Two-ply urethane-coated nylon (Shelter-Rite 7028, 0.8 mm 
Colour: White With blue straps, red reflectors on ends of bags. 

Self-priming centrtfugal "ITT Marlow" Model I - 1/2 HE 19 EL 
3 hp explOSIOn-reSistant, one cyllnder gasolme engine. 

(0.03 In). 

Dlschar e (pump to bags): 15.2 m (50 ft), 38 mm (1.5 m) nommal "Tlteflex R276", 
Teflon staInless steel constructIOn. 
SuctIOn: 30.5 m (100 ft) (2 x 15 m) (2 x 49 ft), 51 mm (2 m) 1.0., Gates 45 HW ACId-Chemical 
Transfer Hose. Each sectIOn mounted on a separate reel; one IS always coupled to the pump. 

All plumbmg components are stamless steel except for the basket type mlet stramer which IS 
nickel-plated steel. Couplmgs are "Evertlte". 

Storage Size: 1.2 x 1.8 x 1.2 m (4 x 5.5 x 4 ft) 

OPERATING SPECIFICA nONS -

Deployable by two people; operated by one person. 
Operatmg Tune: approxImately 2 hours on 1 U.S. gal of gasolme. 
Three-way ball valve permIts pumpIng from eIther or both of the mlet hoses SImultaneously. 
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Pump Capacity (approximated from performance curve): 

CollectIOn Bags: 

L/mm (U.S. gal/mm) Head m (it) Maximum operatmg mchne 30 degrees 
Workmg Pressure 23 kPa (3.3 pSI) 
Maximum Pressure 39 kPa (5.7 psI) 
Burst Pressure 76 kPa (II psI) 

590 (155) 
470 (125) 
170 (45) 

6.1 (20) 
12.2 (40) 
18.3 (60) Weight of each bag filled with water 6800 kg (15 OOO)lb) 

STATUS OF DEVELOPMENT AND USAGE - Prototype stage; not a commercially manufactured product. 

PERFORMANCE - Tear Strength of Vmyl Fabric After 24 Hours of Exposure to Chemicals. 

Chemical 

Phenol 
Methyl Alcohol 
Acrylonitrile 
Benzene 
Acetone Cyanhydrm 
Xylene 
Sulphuric ACid 
Aldrm Toxaphene Group 
Acetone 
NitriC ACid 
Ethyl Acetate 
SodIUm Hydroxide (30% solutIOn) 
Methyl Ethyl Ketone (MEK) 
Hydrofluoric ACId 
Hydrogen PerOXide (30% solutIOn) 
n,n-Dlmethyl Formamlde 
Butyl Ether 

Tear Strength 
kg (]b) 

142 (313) 
92 (203) 

125 (276) 
127 (280) 

20 (40) 
135 (298) 

6 (13) 
98 (216) 

115 (254) 
112 (247) 
101 (223) 
92 (203) 
89 (196) 
89 (196) 

101 (223) 
119 (262) 
134 (295) 

The collectIOn bag system, mounted on the bed of a 3/4 ton pickup truck, was used to empty water from a 
tank Similar to a tanker truck (26 500 L (7 000 U.S. gaO) and a dyked area surroundmg the tank. A 
10 mmute, narrated, 16-mm colour film of the demonstratIOn was prepared. 

AVAILABILITY AND COMMERCIAL INFORMATION - MSAR will supply this prototype equipment as 
deSCribed or With modificatIOn on a trial baSIS, to meet specifiC needs. 

Developed by: 

MSA Research CorporatIOn 
Evans City, PA 16033 
U.S.A. 
Telephone (412) 538-3510 
Contact: Mr. Ralph H. Hiltz or 

Ferdmand Roehhch, Jr. 

for: 

Industrial EnVironmental Research Laboratory 
Office of Research and Development 
U.S. EnVironmental Protection Agency 
Cmcmnatl, OH 45268 
U.S.A. 
Dr. John E. Brugger, Project Officer 
Report EP A-600/2-77 -162, August, 1977 
Contract No. 68-03-0206 

OTHER DATA - ThiS gas-powered version was developed from an ear her electrically-powered model which IS 
explamed m the report referenced below. 

ThiS system demonstrated good compatibility With foamed polyurethane diverSIOn barriers. (See the MSAR 
Dlke-Pak System Entry No. 18). 

Reference: Hiltz, R.H. and F. Roellch Jr., MSA Research Corporation, Emergency CollectIOn System for 
Spilled Hazardous Materials, Report EPA-600/2-77-162 (August, 1977). 
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PRODUCT PORT-A-TANK No. 84 

APPLICABILITY Gas LiqUid Solld 
Sol FI Sk Sol FI Sk 

* * * 

Designed pnmarlly for IlqUlds; may have appllcatlOn to sollds and particulates dependmg on circumstances. 

DESCRIPTION - A portable, foldable storage reservOir which can be qUickly set up without tools. 

OPERATING PRINCIPLE - This flexible, open-top tank provides qUick, temporary storage for recovered 
materials. 

PHYSICAL SPECIFICATIONS -

Two sizes available: 

Size: (Open) 

(Closed) 

Total Weight: 

1000 Imp. gal (5450 L) 

251 X 249 X 76 cm 
(99 X 98 X 30 m) 
251 X 76 X 25 cm 
(99x30xIOm) 
63.6 kg (140 Ib) 

1500 Imp. gal (6820 L) 

312x 251 x 76cm 
(123 x 99 x 30 m) 
312 x 76 x 25 cm 
(123 x 30 x 10 m) 
81. 7 kg (180 Ib) 

Frame: 22 mm (7/8 In) OD heavy gauge tubular steel with welded Jomts and hmges; baked enamel finish. 

Liner: ChOice of 

Remforced Vmyl 

0.75 kg/m 2 (22 oz/yd2) 
welded seam constructIOn 
colour: yellow 
flame and tear resistant 
Will not absorb oil or grease 

No. 10 Cotton Duck 

0.5 kg/m2 (14.73 oz/yd2) 
flame, water and rot-proof 
double sewn seams 
rope-remforced top hem 
colour: ollve drab 
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OPERATING SPECIFICATIONS - Two persons can open the Port-a-Tank qUIckly wIthout tools or further 
assembly. 

FabrIc tube Incorporated wIth the Imer provIdes qUIck draInage. 

PERFORMANCE ""7 Although documentatIOn was not receIved on the applIcatIOn of Port-a-tanks to hazardous 
materIal spIlls, they are known to have been used frequently durIng 011 spIll cleanup operatIons In Canada. 

STATUS OF DEVELOPMENT AND USAGE - In general use by fIre departments and 011 spIll co-operatIves 
across Canada. 

AV AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Soper's EngIneered FabrIc Products 
P.O. Box 277 
Chatham St. 
Hamilton, Ontario 
L8N 3E8 
Canada 
Telephone: HamIlton (416) 528-7936 

Toronto (416) 362-3758 
Kltchener (519) 653-7201 

Telex: 061-8306 
Contact: Mr. Steven Cox, TechnIcal Sales Consultant 

OTHER DATA - Consult manufacturer WIth regard to choICe of fabnc hners and their chemical tolerances; 
speCial chemical and oIl-reSistant materIals such as Sheltente XR-5 are avaIlable. 
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3.2 Rigid Wall Systems 

PRODUCT RIGlD WALL TANKS - GENERAL LISTING No. 85 

-------------------------_._-----

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol FISk 

11- 11- 11- 11- 11- 11-

DESCRIPTION - A very wide variety of tanks are commercially available In materials, ranging from stainless 
steel to flbreglass. Tank lImngs or coatings can be specified which are resistant to corrosives and other 
chemicals. Capacity can also be selected as well as the mode In which the umt IS to be used, I.e., Indoors, 
outdoors, fast assembly, free standing, etc. Except for tank trucks, most rigid wall tanks have been 
conceived for use at fixed facIlitIes although mobile capability based on vehicles with trailers could be 
readily orgamzed. 

OPERATING PRINCIPLE - Rigid wall tanks have been conceived for the storage of both liquid and dry 
materials. Construction features sUitable to holding aCids and chemicals can be specified. More recently, 
a variety of approaches has been attempted to accomplish the following (see other entries this sectIOn): 

ImmobIlize tOXIC substances. 
Contain and neutralize spilled materials. 
Enclose leaking drums. 
Safely transport liqUid chemicals. 
Store fissile matenals. 

PHYSICAL SPECIFICATIONS - Consult manufacturer. Size, weight, capacity and anticipated mode of use are 
the main concerns. 

OPERATING SPECIFICATIONS - Consult manufacturer. Chemical compatibility, storage and transportation 
methods, and other conditIOns of use (temperature range, assembly time, etc.) are several aspects that 
might need to be determined. 

STATUS OF DEVELOPMENT AND USAGE - Commercially available products that have been used umversally 
with chemicals, aCids and other potentially hazardous matenals. 

PERFORMANCE - Evaluation data were not obtained. Tanks selected of SUitable durability, chemical 
compatibility and configuratIOn should prove useful In Isolating a Wide variety of spilled hazardous 
matenals from the surrounding environment and In permitting their safe transport to ultimate disposal 
facIlities. 

A V AIL ABILITY AND COMMERCIAL INFORMATION - Refer to industrial registers such as Fraser's Canadian 
Trade Directory and the u.s. Thomas Register of Products and Services as well as local telephone 
directories. Listings are numerous. 

OTHER DATA - See separate entries this section follOWing this General Listing for patented concepts and 
other umque products conceived to store and transport hazardous materials. 
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PRODUCT SALVAGE DRUMS No. 86 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

* * * * * * 

DESCRIPTION - The Basco Dlspoz-a-Drum IS a corrOSIOn-resistant lined, fully removable head, steel drum 
used as an overpack shipping con tamer for damaged or leaking drums. 

Note: The Basco drum IS fully described In this entry. OTHER EQUIVALENT S YS TEMS are more briefly 
reviewed under Other Data. 

------

SALVAGE 
DRUM 

OPERATING PRINCIPLE - Fully encloses standard 200 and 215 L (54 and 57 U.S. gal) drums with a rubber 
gasket sealing cover. 

PHYSICAL SPECIFICATIONS -

Common Specifications: 

Capacity: 300 L (80 U.S. gal), 0.3044 m3 (10.75 ft 3) 
OutSide DimenSions: 68 x 102 cm (27 x 40 m) 
Epoxy phenolic coated interior. 
Painted hazard warning (yellow). 
Printed With DOT "Salvage Drum" logo. 
Rubber gasket In rernovable cover 19 mm (3/4 In) NPT fitting With nylon plug m cover. 

Bolted locking rmg: 
InSide DimenSions: 

Approx. tare wt: 

Model 25-16 
(Heavy Duty) 

16 Gauge/ 12 Gauge 
64 x 96 cm 
(25 x 38 In) 
34 kg 
(75 Ib) 

Model 24-22 
(Light Duty) 

22 Gauge/ 16 Gauge 
61 x 96 cm 
(24 x 38 In) 
18 kg 
(40 Ib) 



OPERATING SPECIFIC A TIONS -

Authorized Usage: 

Model 25-16 
(Heavy Duty) 

208 

Model 25-22 
(light Duty) 

Steel Drums DOT 5B, 17C,E,H DOT 37A,B 
37A,B 

Steel Composites DOT 6D, 37M DOT 37M 
UN/IMCO 6HAl 

Fibre Drums DOT 21C DOT 21C 
UN/IMCO IGI 

Fibre Composl tes DOT 21P DOT 21P 
UN/IMCO 6HG 1 

Plastic Drums DOT 34 (including 
exemption 55 U.S. gal) 

Bulk Liquid or dry form hazardous matenals mixed with dirt or absorbent medIUm 

STATUS OF DEVELOPMENT AND USAGE - Commercial product developed specifically to control the 
leakage of hazardous materials from drums. 

PERFORMANCE - No evaluatIOn data obtained; however, use of the drum should factlltate the control of 
leaking containers as speCIfied. 

A V AIL ABILITY AND COMMERCIAL INFORMATION -

Barrel Accessories &: Supply Company (BASCO) 
4647 West 47th Street 
Chicago, IL 60632 
U.S.A. 
Telephone (312) 767-8100 or 

1-800-621-0621 

OTHER DATA - Options avatlable with BASCO drums: 

Kit containing - packet of pressure sensitive hazardous material warning labels, 
- marking crayon, 
- wrench for opemng and closing bolted ring closure, 
- large polyethylene bag to shroud damaged or leaking container to be overpacked, and 
- 19 mm (3/4 In) NPT red plastiC safety vent plug to vent pressure. 

109 cm x 157 cm x 0.203 mm (43 x 62 x 0.008 In) round bottom polyethylene liner to provide corrosIOn 
protection and permit reuse of drum. 

Other Manufacturers of Salvage Drums - The Skolmk Drum CorporatIOn also manufactures heavy duty 
overpack shipping containers for damaged or leaking drums. Four sizes of salvage drums are available In 
their Quad-Pak including 322 L (85 U.S. gal), 208 L (55 U.S. gal), 114 L (30 U.S. gal) and 30 L (8 U.S. gal) 
sizes. Interior optIOns Include alkyd reSin, epoxy-phenolic or unlined. Individual drums and other sizes are 
also avatlable all complYing with U.S. Department of Transportation reqUirements. 

Manufacturer: 

Skolmk Drum Corporation 
4601 West 48th Street 
Chicago, IL 60632-4896 
U.S.A. 
Telephone (312) 735-0700 
Contact: Mr. Howard Skolmk or 

Mr. Damel Abrahms 

Greif Bros. CorporatIOn markets a slmtlar product, the Saf-T -Drum, which IS a salvage overpack steel 
drum. Capacity IS 322 L (85 U.S. gal) fabncated In heavy duty (16 gauge), light duty (22 gauge) as well as 
other specifiC appllcatlon gauges of steel. ComplYing With vanous U.S. DOT and UN/IMO specificatIOns, 
the drum can enclose standard 208 L (55 U.S. gal) and 216 L (57 U.S. gal) steel, fibre and plastiC drums. 
The Internal surface IS coated With epoxy-phenolic hnlng and the extenor IS flmshed In a hazard-warning 
yellow colour. For more informatIOn, contact: 



Greif Bros. Corporation 
621 Pennsylvania Avenue 
Delaware,OH 43015 
U.S.A. 
Telephone (614) 363-1271 

In Canada, contact: 

Greif Containers Inc. 
4219 Park Street 
Niagara Falls, Onto 
L2E 6S8 
Telephone (416) 358-3271 
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Clearing Container (divIsion of Natlco Inc.) markets a Recovery Drum (Model 200) lined with an epoxy­
phenolIc coatmg and a Disposal Drum (Model 500) coated inside and out with alkyd reSin backed enamel. 
Both have capacities of 322 L (85 U.S. gal) and accept drums up to 61 cm (24 In) In diameter and 91 cm (36 
In) high. For more informatIOn, contact: 

Clearing Container 
5100 West 67th Street 
Chicago, IL 60638 
U.S.A. 
Telephone (312) 767-2990 
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PRODUCT BULKDRUM m No. 87 

---~-------~----

APPLICABILITY Gas LIquId Sohd 
Sol Fl Sk Sol Fl Sk 

-------------~--------

* * * 

DESCRIPTION - A portable bulk-handling container with the capacIty of 19-208 L (5-55 u.S. gal) drums for 
hquld detergents, paints, dyestuffs, petroleum products, pharmaceutIcals, foodstuffs, paper chemIcals, 
water treatment, and corrosIve chemicals. 

275 US Gal (1041 L) Capacity 
40" x 48" x 46" High (00) 
( 102 x122 x 117 cm) 
175 lil (79 kg) Tare Weight 

Galvanized Steel 
Outer Container 

2 In (5 cm) 
Butterfly Valve 
Outlet 

Polyethylene Inner Tank 

OPERATING PRINCIPLE - An outer steel shell protects an Inner plastic tank that IS SUItable for containing a 
range of hazardous materials. Umtlzed pallet, top fllltng port, bottom dIscharge outlet and valve, and 
square shape (whIch faclhtates stacking and slde-by-slde storage) contribute to Increased versatilIty In bulk 
handling over conventIonal methods. 

PHYSICAL SPECIFICATIONS -

Materials of ConstructIOn: 

Inner Tank: RIgid hIgh-denSity polyethylene 

Outer Shell: GalvanIzed Steel: 24-gauge top and bottom 
20-gauge Side 

Base: Wooden pallet WIth four-way entry for forkltft 

CapacIty: 1040 L (275 U.S. gal) 

OutSIde DImenSIOns: 102 x 122 x 117 cm (40 x 48 x 46 In) 

Tare WeIght: 79.5 kg (175 lb) 

Ports: 152 mm (6 In) fIlling port WIth optional cap WIth 51 mm (2 In) Bung plug In 
centre 
51 mm (2 In) butterfly valve outlet and downspout WIth Vestopren 
(polyethylene) O-ring (Buna N, Vlton and EPDM O-Rings also avaIlable) 
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OTHER DATA - 15 cm (6 m) radII corners to assure thorough discharge 

OPERA nNG SPECIFICA nONS -

Stack three-high (up to 1 818 kg (1+ 000 Ib) gross weight). 
Use 20% less space than 55 U.S. gal drums storing the same gallonage. 
Fit 1+6 contamers m a 13.7 m (1+5 it) trailer. 
Acceptable for handling food products as specified under F.D.A. regulation 21 Cfr 177.1520 Olefm 
Polymers. 
AuthOrized for corrosive liqUid transport under U.S. DOT - E8921. 
AuthOrized for Transport of materials prescribed under U.S. DOT - 37M/2LS and DOT - 37M/2U, providing 
they are compatible With polyethylene. 

STATUS OF DEVELOPMENT AND USAGE - Commercial products deSigned for transportmg hazardous, 
corrosive and other liqUid chemicals m bulk. 

PERFORMANCE - No evaluation data obtamed. Safer storage and transportation, ease of handling and 
efficient use of space should be several of the advantages of this system of contamerIzatlon over such 
methods as conventional drums. Cost and frequency of use might be considerations, however, affecting the 
deCISion to purchase this system. 

A V AIL ABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

HOOVER Universal, Inc. 
Materials Handling DIVISion 
SUite 1+29, Centrum Center 
6363 Poplar Ave. 
MemphiS, TN 38119 
U.S.A. 
Telephone (901) 685-6363 or 

800-31+6-2200 

Canadian Distributor: 

Cassler EngmeerIng Sales, Ltd. 
11 Progress Avenue - Unit 3 
Scarborough, Ontario 
MIP I+S7 
Telephone (1+ 16) 298-1628 
Contact: Mr. Bill O'Bnan 

Contact: Mr. Pete HartWig, Regional Sales Manager 

OTHER DATA - Hoover also fabricates a variety of other containers sUitable for storing and transporting a 
range of chemical products. 

(I) Tote Tanks. These are Similar to the Bulkdrum and feature square construction In aluminum, steel and 
stamless steel With optIOnal liners for corrosive liqUids. These are claimed to reqUire 1+1+% less space to 
store eqUivalent volumes of drum storage systems and feature unitized pallet construction. Internal 
heatmg elements are optional. 

Capacity and dimenSIOns are as follows: 

ALUMINUM STEEL AND STAINLESS STEEL 
lxw* = 107x 107cm 1 x W = 107 x 107 cm 

(1+2 x 1+2 In) (1+2 x 1+2 m) 

Capacity Overall Height Capacity Overall Height 
L (U.S. gal) cm (m) L (U.S. gal) cm (in) 

, 999 (261+) 106 (1+1 3/1+) 965 (255) 103 (1+0 1/2) 
111+6 (303) 119 (1+7) 1136 (300) 118 (1+6 1/2) 
1351 (357) 138 (51+ 1/1+) 1306 (31+5) 133 (52 1/2) 
1782 (1+71) 177 (69 t/2) 11+76 ( 390) 11+9 (58 1/2) 
2176 (575) 212 (83 1/2) 1809 (1+78) 179 (70 1/2) 
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ALUMINUM 
1 x w = 107 x 122 cm 

(42x48m) 

STEEL AND STAINLESS STEEL 
lxw=107x122cm 

(42 x 48 In) 

Capacity 
L (U.S. gal) 

1026 (271) 
1151 (30lj.) 
1317 (348) 
1552 (410) 
1908 (504) 
2498 (660) 

* L = length 
w = width 

Overall Height 
cm (In) 

(377/8) 
106 (41 3/4) 
119 (47) 
138 (54 1/4) 
166 (65 1/4) 
212 (83 1/2) 

Capacity 
L (U.S. gal) 

1109 (293) 
1306 (345) 
1495 (395) 
1688 (446) 
2078 (549) 

Overall Height 
cm (m) 

103 (40 1/2) 
118 (46 1/2) 
133 (52 1/2) 
149 (58 1/2) 
179 (70 1/2) 

Tote tanks are also fabricated In high denSity polyethylene. 

(2) Tote Vlscotanks. Fabricated m alummum, steel or stainless, these tanks are available m capacities 
from 905 L (239 U.S. gal) to 1889 L (499 U.S. gal) and feature flexible polyethylene tank Imer which 
collapses around the finS of a mandril as the contents are pumped out. The container IS deSigned for the 
transportation of grease, adhesives, caulkmg compounds, thick pamts, etc. 

(3) Various Contamers. Hoover also manufactures a wide variety of other portable bulk handlmg 
products mcludmg: 

POL Y TANK: 1325 L (350 U.S. gal) and 1665 L (440 U.S. gal) 
Reuseable and one-way polypropylene/polyethylene bags: I-ton capacity. 
Dry material bms. 
Collapsible contamers - "Fold-a-Bm". 
Fill, discharge, mlxmg and other specialized containers. 
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---- --------- -------- - - -- -------------.----------------------------------
CONCEPT FIL TER-LINED CONTAINER FOR RADIOACTIVE MATERIALS No. 88 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

* * * 

DESCRIPTION - Concept. A package m which stored tOXIC solids are homogeneously dispersed m, and 
surrounded by, an ImmobilizatIOn matenal. 

OPERATING PRINCIPLE - A bag which IS permeable to the ImmobilizatIOn material but not the tOXIC 
substance IS placed mSlde a package. The bag IS filled with ImmobilizatIOn liquid and the solid tOXIC 
substance. Some of the ImmobilizatIOn liquid flows through the bag to fill the space between the bag and 
the outer package walls. Inside the bag, the liqUid and solid mix together. The lInmoblllzatlOn hqUid 
subsequently hardens bmdmg the tOXIC sohd inside the bag, and forming a solid barrier (contammg no tOXIC 
solid) outside the bag. 

PHYSICAL SPECIPICA TIONS - None obtamed. 

OPERA TING SPECIPICA TIONS - Bag smaller than ngld outer package so when the bag IS placed mSlde the 
package, an empty space IS left between the two. 

RadIOactive substances Will remain Immobile and ImpervIOUS to leachmg even If outer package IS broken. 

Packagmg method used for long-term storage of solid radIOactive wastes. 

Bag IS made of nylon, cotton, polyethylene, polyester or polypropylene fabriC. 

STATUS OP DEVELOPMENT AND USAGE - Patented concept With no usage documented. 

PERPORMANCE - No evaluatIOn data obtamed. 

AVAILABILITY AND COMMERCIAL INFORMATION - Commercial production pendmg. 

AeroJet-General CorporatIOn 
10300 - TN Torrey Pmes Rd. 
La Jolla, CA 92037 
U.S.A. 
Telephone (714) 455-8500 

OTHER DATA - ThiS package IS a patented mventlOn of Leshe E. White and Charles M. Gracey; patent 
aSSigned to the AeroJet-General CorporatIOn, CA. 

Reference: U.S. Patent 4 058 479 
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CONCEPT HAZARD NEUTRALIZING CONTAINER No. 89 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

DESCRIPTION - A conceptual system for containing and neutraliZing hazardous materials by filtration. The 
system consists of a hermetically-sealed container vented to a filter medIUm which IS In turn vented to 
atmosphere. 

OPERATING PRINCIPLE - The hazardous material IS sealed In the container and flows through an Internal 
vent Into a filter medIUm. When the pressure inSide the container exceeds atmospheriC pressure, a vent 
from the filter medIUm to atmosphere opens, releaSing the filtered material. 

PHYSICAL SPECIFICATIONS - Rigid, double-walled, hermetically-sealed container. 

Filter medIUm between Inner and outer walls. 

Warning deVice to indicate If hazardous material concentratIOn In the filter medium IS too high. 

Fiberglass storage container With metal filter compartments. 

OPERATING SPECIFICATIONS - Sustained ambient temperatures would have to be higher than the freeZing 
pOint of the contained contaminant. Also, compatible filter media would have to be used. No operating 
criteria were obtained. 

STATUS OF DEVELOPMENT AND USAGE - Patented concept that has undergone limited testing. 

PERFORMANCE - Testing showed the container was capable of removing methylbromlde from a hazardous 
material by filtration through a charcoal filter. 

AV AIL ABILITY AND COMMERCIAL INFORMATION -

A & J ManufactUring Co. 
Airport Station 
Los Angeles, CA 90009 
U.S.A. 
Telephone (213) 678-3053 

OTHER DATA - ThiS IS a patented invention of Arch L. Young, assigned to the A & J ManufactUring Co. 

Reference: U.S. Patent 4 014 670 
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PRODUCT MODULAR HOLDING TANKS No. 90 

APPLICABILITY Gas LlqUld Sohd 
Sol FI Sk Sol FI Sk 

DESCRIPTION - A vanety of hned tanks compnsed of portable modular components that range from bolt­
together steel Untts either circular or rectangular In configuratIOn to free-standing smaller package 
systems that can be qUickly assembled uSing panels and support frames. 

ComPakt SMAll TANK 

ModuTamer SECURITY BASIN 

ModuStor SOL T TOGETHER 

STEEL TANK 

OPERATING PRINCIPLE - ComPakt and EconoStor models are small and medium size tanks, respectively, 
that are assembled from modular steel panels and steel support posts uSing simple hand tools. The tanks 
are lined With a flexible membrane and can be covered, Insulated and fitted With piping to faclhtate 
temporary storage of a vanety of chemicals. All components can be hand carned. 

ModuStor Untts are slmtlar In design but are Circular m configuration and available In larger capacities. 
They must be erected on a level, prepared Site and can be anchored to concrete footmgs. 

The ModuTank systems are rectangular In shape and Incorporate the same design features as the other 
models, namely indiVidual panels, support posts, liners, covers and optIOnal piping arrangements. An 
exterIOr system of angled supports maintains the sidewalls In a vertical position. 

Modutalner IS an Identical concept to ModuTank that can be erected around eXisting storage tanks as a 
means of potential spill containment. 

PHYSICAL SPECIFICATIONS -

ComPakt Tanks 

-------------------------------------------------
Capacity Shipping Weight Shipping Volume 

Model Size m (ft) L (U.S. gal) kg (Ib) m3 (ft3) 
----------------------------------------------------
960-250 0.9 x 0.9 (3 x 3) 9lj.6 (250) 10lj. (229) 0.25 (9) 
960-500 1.2x 1.2(lj. x lj.) 1817 (lj.80) 159 (350) 0.31 (11) 
960-750 1.5 x 1.5 (5 x 5) 2839 (750) 177 (390) 0.37(13) 
960-100 1.8 x 1.8 (6 x 6) 3785 (1000) 20lj. (lj.50) 0.lj.2 (15) 
960-125 2.0 x 2.0 (6.5 x 6.5) lj.732 (1250) 236 (520) 0.lj.8 (17) 
960-150 2.1 x 2.1 (7 x 7) 5678 (1500) 268 (590) 0.5lj. (19) 
---------------------------------------------------------------
All tanks are 1.2 m (lj. it) deep 

Top covers In sheet steel, plywood, etc. can be added. 
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EconoStor Tanks 

Ten models are available. SpecificatIOns are presented for the smallest, medIUm size and largest umts. 

Shlppmg Shlppmg 
Capacity Weight Volume 

Model Size m (ft) L (U.S. gal) kg (Jb) m3 (ft3) 

960-202 2.1 x 2.1 (7 x 7) 7571 (2000) 680 (1~99) 1.~2 (50) 
960-30~ 3.2 x ~.3 (10.5 x 1~) 22 712 (7~ 500) 1225 (2700) 2.~1 (85) 
960-606 6.~ x 6.~ (21 x 21) 68 137 (22 35~ 600) 1973(~350) 3.88 (137) 

~------

All tanks are 1.9 m (6 ft) deep With capacity based on a 1.7 m (5.6 ft) ilquld depth. 

ModuStor Tanks 

Elght models based on diameter are available; small, medium and large diameter umts are reviewed. 

Depth Diameter m (ft) 
m (ft) 

7.6 ( 25) 15.2 (50) 30.5 (100) 
~---------

2.~ 
CapaCity 108262 (28 600) ~33 050 (11~ ~OO) 1.7 x 106 (0.5 x 26 000) 
L (U.S. gal) 

Weight 2313 (5 099) ~ ~OO (9 700) 10 ~32 (23000) 
kg (Jb) 

3.0 
CapaCIty l46 873 (38800) 54t 3t2 (4300) 2.2 x t06 (0.58 x 264 000) 
L (U.S. gal) 

Weight 2 ~95 (5500) 4990 (11 00l) 12701 (28 000) 
kg (Jb) 

3.7 
Capacity 162 772 (~3 000) 6~9 196 (171 500) 2.6 x 106 (0.7 x 26~ 000) 
L (U.S. gal) 

Weight 3357 (7 ~Ol) 7212 (15 899) 18325 (~O ~OO) 
kg (Jb) 

~.6 
Capacity 203 5~1 (53770) 811 968 (21~ 500) 3.2 x 106 (0.85 x 26~ 000) 
L (U.S. gal) 

Weight ~ ~~5 (9 800) 9752 (21 500) 22816 (50 300) 
kg (lb) 

ModuTanks/ ModuTamers 

Three typical sizes of tanks are: 

DlmenslOns m (ft) Ca~aclt:r: L (U.S. gal) A~~rox. Shl~~mg Weight kg (lb) 

4.7 x ~.7 (15 x 15) 30283 (8000) 953 (2101) 
16.2 x 18.~ (53 x 60) 378 5~0 (100 000) 2 99~ (6600.5) 
~5.9 x 59.~ (150.5 x 195) 3 785 ~OO (1 000 000) 13 290 (29300) 
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All tanks 1.45 m (4.75 ft) deep; capaclty IS estlmated wlth 7.6 cm (310.) of freeboard. 

All categories of tanks made by ModuTank Inc. are comprised of prefabricated modular steel components 
WhlCh 10clude 16 gauge galvamzed wall panels and steel angle lron, stamiess steel fasteners, and stainless 
cable systems (ModuTank and ModuTa1Oer only). 

Lmers for tanks are avallable in 20 and 30 mll PVC, 40-60-80 and 100 mll (hlgh denslty polyethylene), 30 
mll remforced Hypalon, 30 mll remforced Chemflex, 30 mll remforced XR-5 and 30 mll oll-reslstant PVC. 

OPERA TING SPECIFICATIONS - The manufacturer should be consulted for the chemlcal compatlblllty of the 
vanous lmer optlons. 

ComPakt tanks can be transported by statlOnwagon-sized vehlcles, they feature components that can be 
hand carried; and they are free-stand1Og umts once assembled us10g hand tools. 

EconoStor tanks are also deslgned for qUlck assembly us10g hand tools; they feature components that can be 
hand carned; and then provlde free-stand1Og storage on level or shghtly slop1Og or undulat10g surfaces 
because of bullt-1O adjuster panels. 

ModuStor cyhndncal tanks requlre flrm, level surfaces for erectlOn. Generally, elght to ten days are 
requlred by flve workmen and a supervlsor for assembly us10g ordmary tools. ModuTanks, ModuTa1Oers 
feature parts that can be hand-carned by one or two workers. A typlcal tank 30 x 15 m (98 x 49 ft) can be 
10stalled by SlX unskllled labourers and a supervlsor 10 about elght hours us10g slmple hand tools. 

STATUS OF DEVELOPMENT AND USAGE - Commerclal products speciflcally concelved as hlghly portable, 
modular systems 10 wlde use for the temporary storage of a range of hqulds 1Oclud1Og many hazardous 
matenals. 

PERFORMANCE - Limited evaluatlOn data were obtamed. O.H. Materials, Inc., a cleanup contractor, reports 
the use of a 378540 L (IOO 000 U.S. gal) tank wlth no operatlOnal problems. (The company pnmanly 
utilizes storage systems of thelr own deSign). 

AV AIL ABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

ModuTank Inc. 
29-24 40th Ave. 
Long Island City, NY III 0 I 
U.S.A. 
Telephone (212) 392-1112 

OTHER DATA - None obtamed. 

Reference: Personal Commumcatlon, O.H. Materials, Inc. (June 28, 1984). 

The vanous sizes of tanks, configuratlOns, Imers and overall modular approach appear to be well 
SUited for hazardous matertal spill cleanup. 
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CONCEPT REPOSITOR Y FOR FISSILE MATERIALS No. 91 

APPLICABILITY Gas Liquid SolId 
Sol FI Sk Sol Fl Sk 

* * * * * * 

DESCRIPTION - Concept only. A repository for holding and storing flsstle or other hazardous materials by 
enclOSing one or more Inner containers m a larger, corrOSIOn-reSistant outer shell with a layer of foamed 
polyurethane In between. 

OPERATING PRINCIPLE - The Inner containers are spaced apart In the outer tube. One of the end caps IS 
placed on the tube and IS erected to stand upnght on that end. The Inner containers are supported In their 
deSired positions and lIquid polyurethane IS poured Into the tube through the open end. The upper end cap IS 
put In place and the polyurethane IS foamed to fill the gap between the containers and the tube walls. The 
foam IS then allowed to set. 

PHYSICAL SPECIFICATIONS -

Outer tube IS made of bltumlzed ftbre materIal. 
End caps are of extenor grade plywood treated with creosote wood preservative. 
Inner containers are standard 208 L steel drums. 
Polyurethane IS foamed with a tnchlorofluoromethane foaming agent. 

OPERA TING SPECIFICATIONS - Polyurethane foam protects mner drums from destruction caused by 
electrolYSIS, cathodic action, and bacterial enzymes; offers thermal protectIOn against freeze-thaw cycles; 
and mechalllcally reinforces JI1ner containers and outer tube to give maximum strength. 

Polyurethane IS formed by reacting a polYlsocyanate with a polyol; the heat of reaction IS suffiCient to 
activate foaming agent and cause foaming, except adjacent to containers and tube where temperature IS 
moderated. ThiS gives a foamed polyurethane liner with crystallme surfaces adjacent to Inner containers 
and outer tube. 

Inner containers eqUipped with water-soluble packages of fluorescein dye to mdlcate any aCCidental 
leakage of hazardous material. 

RepOSitories deSigned for economical and safe storage and disposal of radIOactive and other hazardous 
waste materials ov~r long penods of time. 

STATUS AND DEVELOPMENT AND USAGE - Patented concept with usage not documented. 

PERFORMANCE - No evaluatIOn data obtained. 

AV AIL ABILITY AND COMMERCIAL INFORMATION -

CommerCial production pendmg. 

U.S. Ecology 
P.O. Box 7246 
LOUlsvtlle, K Y 40207 
U.S.A. 
Contact: Mr. Gary Young 

OTHER DATA - ThiS resposl tory IS the patented invention of Kenneth A. GablIn, aSSigned to the Nuclear 
Englneermg Co. Inc., LOUlsvJlle, Kentucky. 

Reference: U.S. Patent 3935467. 
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PRODUCT UNITIZED PORTABLE RESERVOIR SYSTEM No. 92 

APPLICABILITY Gas liquid Soltd 
Sol FI Sk Sol Fl Sk 

* * 

DESCRIPTION - An all-weather reservoir deSigned for the temporary or permanent storage of a range of 
products, mcludmg hot and caustic Itqulds and petroleum-based products, unttlzed for portablltty and qUick 
erection. 

Liner Fabric - Hypalon Black 
(SIde and Bottom) 

Ground Anchor Bars 

20 cm (8 In I Dla 

I Aluminum PIpe Centre Column 

Cover Fabric - Hypalon Blue 

OPERATING PRINCIPLE - The Circular reservOir IS constructed on a level site by flttmg the wall sections 
mto a "wall rmg" and securing them by a patented hinge and hook system. Matenalls pumped In and out of 
the reservoir through subterrantan service pipes connected to a hollow centre column supporting the roof. 

PHYSICAL SPECIFICATIONS - Seven models are avatlable 

--------
Diameter Space Req. Height to 

Capacity InSide Ola. The Top Weight 

m3 
(Imp. 

No. gal) m (ft) m (ft) m (ft) kg (Ib) 

20 100.00 (22 025) 7.70 (25.26) 13.72 (45) 4.75 (15.57) 3538 (7800) 
24 144.54 (31 769) 9.26 00.38) 15.28 (50) 5.14 (16.82) 
30 226.32 (49 785) 11.60 08.06) 17.62 (58) 5.81 (19.05) 6577 (14 500) 
36 326.2':; (71 768) 13.94 (45.72) 19.96 (65 1/2) 6.48 (21.25) 
45 510.24 \.',12 240) 17.43 (57.20) 23.45 (77) 7.48 (24.55) 
60 907.87 (199 710) 23.27 (76.34) 29.29 (96) 9.16 00.06) 
72 1307.51 (287 620) , 27.92 (91.61) 33.94 (Ill 1/2) 10.51 34.47 

Details on weights for other models available on request. 
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Matenals of constructIOn Include aluminum, stainless steel, or PVC (Hypalon liner). All steel 
components including nuts, bolts and washers are hot-dipped galvanized. 

Components packed on 1.2 m (4 ft) pallets, With no component longer than 2.4 m (8 ft) and no pallet 
load exceeding 680 kg (J 500 Ib). 

1.2 x 2.4 m (4 x 8 ft) galvanized corrugated steel wall panels. 

2.5 cm (J In) styrofoam board IS supplied. 

3 sectIOns 20.3 cm (8 In) aluminum centre column, With adjustable gap between two sections to prOVide 
overflow level control. 

Steel centre base plate With pre-attached service pipes. 

One piece polymer liner (Hypalon (Burke Rubber Company), 36 and 45 mil) suggested secured to top of 
steel shell by stainless steel "s" hooks. 

Two roof covers: 

1) Heavy nylon supplied With speCial "pulleY-Jig" for qUick constructIOn; secured walls by nylon 
rope through grommets spaced at 0.6 m (2 ft) Intervals. 

2) SectlOnallzed galvanized metal. 

SectlOnallzed roof trusses made of hollow steel tubing, round rods, and flat bar. 

OPERATING SPECIFICATIONS - Two trained personnel can prepare the site (level ground and dig pipe trench) 
and erect the 227 300 L (50 000 Imp. gal) reservOir In approximately 4 days. 

STATUS OF DEVELOPMENT AND USAGE - CommerCial product developed speCIfIcally for the storage of a 
vanety of Ilqulds including potable water, hot and caustic hqulds, and a range of petroleum-based products. 

PERFORMANCE - One of three 227 300 L (60 046 U.S. gal) reservoirs bought by the Government of Ontario 
was used as a temporary water reservoir In WoodVille, Ontario during an overhaul of the mUniCipal 
reservOir. A concrete pad was constructed Since the reservOir was operated for approximately 6 months. 
A Hypalon liner was used. 

Suggested appllcatlons Include: 
waste containment 
potable water storage; and 
processing and product storage. 

AV AIL ABILITY AND COMMERCIAL INFORMATiON -

Manufacturer: Canadian Dlstnbutor: 

Columbia ReserVOir Systems (J 977) Ltd. (Restech) Task Force Enterprises 
SUite 23 - 566 Cardero Street P.O. Box 311 
Vancouver, Bntlsh Columbia 
Canada 
V6G 2W6 
Telephone (604) 681-5623 or 

263-4666 

Orleans, Ontario 
Canada 
KIC IS7 
Telephone (613) 824-7431 
Contact: Mr. Clayton E. BeattIe, 

PreSident 

OTHER DATA - InformatIOn based on: personal communicatIOn With C.E. Beattie, Nove"llber 3, 1983. 

Columbia ReserVOir Systems brochure. "All Weather-Durable-Reservoirs f9r Permanent or Temporary 
Storage. Unitized for Portability and QUick Erection." 1983. 
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3.3 Liners 

PRODUCT POLYMERIC MEMBRANES - GENERAL LISTING No. 93 

APPLICABILITY Gas liqUid Sohd 
Sol Fl Sk Sol FI Sk 

* * 

Less apphcablhty to containing vapours and gases IS hkely although the use of membranes has been 
proposed for this purpose. 

DESCRIPTION - A variety of synthetic polymeric materials can be used for containing spills subject to 
material compatlblhty considerations. Although primarily designed for the hning of hquid impoundments 
or landfills, their use has also been suggested for bottom seahng of sunken substances or for containing, 
va pours of floating, volatile substances. Some of these materials have also been used for boom skirts, as 
f1ex.lble containers and as tank liners. 

OPERATING PRINCIPLE - SynthetiC membrane liners are most hkely to be used In remote areas to contain a 
variety of spilled hazardous materials especially where substantial volumes must be temporarily held. 
Panels or sheets are usually transported to the spill site where they are seamed together uSing heat sealing, 
cementing or solvent welding techniques. In some cases, continuous sheeting or factory-seamed liners are 
used. 

PHYSICAL SPECIFICATIONS -

Membranes are available In a wide range of plastiCS and elastomers including: 

Polyethylene (low denSity and high denSity) 
Polyvinyl chloride (PVC) 
Butyl rubber 
Ethylene propylene dlene monomer (EDPM) 
3110 (Du Pont trade name - elasticized polyolefln) 
Chlorinated polyethylene (CPE) 
Neoprene 
Chlorosulphonated polyethylene (Hypalon) 
Shelter-Rite XR5 (Seaman Corporation trade name) 
Pol ypropy lene 

Ex.amples of phYSical properties are as follows: 

Pol~eth~lene 

Low High 
DenSity DenSity 

SpecifiC 0.92 to 0.94 to 
Gravity 0.94 0.96 

Tensile 8963 to 16548 to 
Strength (kPa) 17238 33096 

Elongation (%) 200 to 10 to 
800 650 

--------
* plasticized '-. 

PVC* 

1.24 to 
1.30 

17238 to 
24133 

250 to 
350 

CPE 
Poly­
propylene 

1.35 to 0.9 to 
1.39 0.91 

>12411 27580 to 
220640 

375 to 40 to 
575 400 

Butyl 
Rubber 

0.92 to 
1.25 

6895 to 
27580 

>300 

Hypalon EPDM 

1.4 to 1.15 to 
1.5 1.21 

6855 to 8964 to 
13790 10343 

300 to >300 
500 

Other properties Include material weight, breaking strength, abraSIOn reSistance, adhesion of plies, 
adhesion of seams, water absorption and wlcklng. 

Sheets available In standard sizes up to 12 m (39 ft) wide, 200 m (656 ft) long and 1 to 5 mm (0.04 to 
0.019 In) thick depending on materials. Sheets can be prOVided with reinforCing fabrics for added strength. 



222 

OPERATING SPECIFIC A TIONS -

Polyethylene 

Low High Poly- Butyl 
Density Density PVC'" CPE propylene Rubber Hypalon EPDM 

Operating -57 to - 57 to -51 to -40 to -51 to -46 to -43 to -59 to 
Temp. (OC) 82 tl6 93 93 104 163 93 149 

Resistance to P-G G G-E G-E G-E G G G-E 
aCids 

Resistance to G-E G-E G-E G-E G-E G G-E G-E 
bases 

Resistance to P-G P-G G P P G-E G G-E 
oxygenated 
solvents 

Resistance to F-G F-G G P G P F P 
aromatic and 
halogenated 
solvents 

Resistance to F-G F-G G G G P G P 
aliphatic 
(petroleum) 
solvents 

Water vapour 3-14 1.8-2.2 3-18 0.04 - 0.25 - 0.15 2.0 2.0 
permeabIlity 0.048 1.0 
perm-mils 

Weatherability P-w/o p-w/o P-F E P-w/o G E E 
black black black 

Time to 900 300 no no 100 no no no 
crack (h) crack effect effect effect 

effect 
to 2500 to 4000 after after after 

2500 1000 1000 
---------------

.., plasticized, P IS poor, F IS fair, G IS good and E IS excellent . 

Specific informatIOn should be requested from manufacturers for compatibility of liners with specific 
hazardous materials as well as resistance to ozone, UV radiatIOn, physical stressing and mold or fungus. 

STATUS OF DEVELOPMENT AND USAGE - Commercially available products universally marketed. 

Commonly used for lining chemical Impoundements and landfills, and construction of boom skirts, flexible 
containers and tank liners. 

Hypalon membrane marketed by Globe Linings Inc. With polyurethane floats for vapour suppressIOn of spills 
on water. Also, similar system by Gulf Seal Corporation provides polyethylene foam underlay to float the 
sealing membrane. 

PERFORMANCE - Comprehensive evaluations have been conducted on membrane liners for a Wide variety of 
chemicals. The follOWing references should be consulted: 

(I) Haxo, H.E., Haxo, R.S. and White, R.M., Lmer Materials Exposed to Hazardous and TOXIc 'Sludges, First 
Interim Report, June 1977, Report EPA-600!2-77-081. 

(2) Fung, R., Protective Barriers for Containment of TOXIC Materials, Noyes Data Corporation, Park Ridge, 
NJ, U.S.A., 1980. 

The information contained In these references also pertams to the physical and operating characteristics of 
synthetic membranes. 

AVAILABILITY AND COMMERCIAL INFORMATION - Representative companies only are given. For 
additIOnal firms consult mdustrIal registers and telephone directOries. 



Carlisle Tire and Rubber Co. 
DIvIsion of Carlisle Corporation 
P.O. Box 99 
Carlisle, PA 17013 
U.S.A. 
Telephone (717) 249-1000 
(EPDM, butyl rubber and neoprene) 

Lexcan Industnal Supply Limited 
85 Vulcan Street 
Rexdale, Ontario 
Canada 
LlA lAI 
Telephone (416) 249-8361 
Telex 04-352815 

E.I. Du Pont de Nemours & Company Inc. 
Elastomers DIvIsIOn 
3245 Sunnyside 
Brookfleld,IL 60513 
U.S.A. 
Telephone (312) 485-6881 
Contact: Mr. G.E. Fisher 
(Hypalon, 311 0, neoprene) 

ModuTank Inc. 
29-24 40th Avenue 
Long Island City, NY 11101 
U.S.A. 
Telephone (212) 392-1112 

Shelter-Rite (Shelter-Rite XR5) 
DIvIsIOn of Seaman CorporatIOn 
P.O. Box 331 
102 North Washington Street 
Millersburg, OH 44654 
U.S.A. 
Telephone (216) 674-2015 
Contact: Mr. B. Venkataraman 

Schlegel Llnmg Technology Inc. (HDPE) 
P.O. Box 9115, Station "F" 
Calgary, Alberta 
Canada 
T2J 5S7 
Telephone (713) 273-3066 
Contact: Mr. B.J. Thomson 
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B.F. Goodrich Canada Limited 
521 King Street West 
Kltchener, Ontario 
Canada 
N2G lC5 
Telephone (519) 742-3641 
(EPDM, butyl rubber, PVC and 
polyethylene) 

Gundle Lining Systems 
301-255 1st St. West 
North Vancouver, B.C. 
Canada 
V7M 3G8 
Telephone (604) 980-8337 

Goodyear Tire and Rubber Company 
1210 Massillon Road 
Akron, OH 44306 
U.S.A. 
Telephone (216) 794-4002 
Contact: Mr. D. Herehler 

Pantasote Company of New York Inc. 
98 GlenView Avenue 
Toronto, Ontario 
Canada 
M4R IP8 
Telephone (416) 481-3504 
(PVC and CPE) 

Sarnafil Canada Limited (LDPE and HDPE) 
75 Horner Avenue 
Toronto, Ontario 
Canada 
M8Z 4X7 
Telephone (416) 259-9203 

Stevens Elastomerlc and PlastiC Products 
Inc. (CPE) 
Easthampton, MA 01027 
U.S.A. 
Telephone (413) 527-0700 

OTHER DATA - Provincial, Terntonal, State, Federal or local government reqUirements may eXist Insofar as 
liner use or performance IS concerned. Appropriate regulatory authOrities should be consulted prior to the 
installatIOn of a facility to receive hazardous materials. 

References: Ware, S.A. and Jackson, G.S., Liners for Sanitary Landfills and Chemical and Hazardous Waste 
Disposal Sites, Report EPA-600!9-78-005 (May, 1978). 

Dlschar es of Hazardous Chemicals 

Fung, R., Protective Barners for Containment of ToxIc Materials, Noyes Data Corp., Park 
Ridge, NJ, U.S.A. (980). 
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4 TRANSFER 

4.1 Transfer of Liquids 

PRODUCT AMERICAN TEFLON AND POL YPROPYLENE PUMPS No. 94 

APPLICABILITY Gas liqUid Sohd 
Sol FISk Sol FISk 

.,.. .,.. .,.. 

DESCRIPTION - Air-operated, double-actmg diaphragm pumps manufactured from chemical-resistant mate­
nals. 

OPERATING PRINCIPLE - A double-actmg diaphragm pump consists of two chambers diVided by a fleXible 
diaphragm. A drive shaft IS connected to the centre of the diaphragm. Reclprocatmg movement of the 
shaft bends the diaphragm, simultaneously enlargmg one chamber while decreasmg the other. FlUid enters 
when the cavity IS enlarged and discharged dUring contraction. Check valves control the direction of flow. 

PHYSICAL SPECIFICATIONS -

DimenSions (mm) 

Suction and 
Discharge 
ConnectIOns 

Air Inlet 
Connections 

Weight (net) 

Air Pressure 

25.4 mm Pumps (l m) 

356 x 343 x 305 high 

25.4- mm male N.P.T. 

6.4 mm female Pipe thread 

Teflon: 31 kg 
Polypropylene: 15 kg 

6.9 to 689.5 kPa 

Matenals of Construction: 

50.8 mm Pumps (2 m) 

457 X 445 X 330 high 

50.8 mm male N.P.T. 

12.7 mm female pipe thread 

Teflon: 102kg 
Polypropylene: 61 kg 

13.8 to 689.5 kPa 

Wetted Parts 
Valve DeSign 
Diaphragm 
O-Rmgs 

Teflon Pumps 

Teflon 
Teflon-ball 
Teflon 

Polypropylene Pumps 

Polypropylene 
Teflon-ball 
Teflon 

Teflon Teflon 

All pumps are explosion-proof. 

OPERATING SPECIFICATIONS -

25.4 mm Pumps (1 m) 

Capacity (LIs) 0.03 to 1.89 

SolId Particle SizeS (mm) up to 9.5 

Self-primmg 
Able to run dry without damagmg pump. 
Temperature-resistant up to approximately 104°C. 
Seal-less and leak-proof. 

50.8 mm Pumps (2 In) 

0.13 to 7.6 

upto 15.9 
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STATUS OF DEVELOPMENT AND USAGE - Commercially avallable for use with many Industnal chemicals 
(see Performance). 

PERFORMANCE - The polypropylene pumps can transfer the following chemicals: 

Acetic ACid 
Acetic Anhydnde 
Ammonium Nitrate 
Ammonium Phosphates 
Benzene 
Calcium Carbonate 
CalcIUm Chlonde 
Calcium OXide/Hydroxide 
Carbon DIOxide 
Ethylene Dlchlonde 
Ethylene Glycol 
Fernc Chlonde 
Formaldehyde 
Hydrogen Chlonde/ ACid 
Hydrogen Fluonde/ ACid 
Hydrogen Sulphide 
Mercury 
Methanol 
Phenol 
Phosphonc ACid 
Potash (Potassium Chlonde) 
Sodium Chlorate 
Sodium Chlonde 

50dlum Hydroxide 
Sodium Hypochlonte 
Tltantum DIOxide 
Urea 
Xylenes 
ZinC Sulphate 
Acetaldehyde 
Acetone 
AdipIc ACid 
Aluminum Chlonde 
Aluminum Sulphate 
Ammonium Chlonde 
AmmonIum Sulphate 
Banum Sulphate 
Borax 
Bonc ACid 
Butanols 
Butylene 
Calcium Hypochlonte 
Copper SUlphate 
Creosote 
DIChlorobenzene 
Ethanol 

Hydrogen Peroxide 
Isopropanol 
Magnesium Hydroxide 
Methyl Ethyl Ketone 
Methyl Isobutyl Ketone 
Methylamlnes 
n-Butanol 
n-Hexane 
Potassium Carbonate 
PotassIUm Sulphate 
Sodium Carbonate 
SodIUm Cyantde 
SodIUm Dichromate 
Sodium Nitrate 
SodIUm Sillcates 
Sodium Sulphate 
SodIUm Sulphite 
Steanc ACId 
Turpentine 
Uramum Compounds 
ZinC Chloride 

The teflon pumps can accommodate the follOWing chermcals In additIOn to the above: 

Ethylene OXide 
Naphthalene 
Nitric ACid 
Propylene OXide 
Sulphunc ACid (and Oleum) 
Toluene 

Carbon Dlsulphlde 
Carbon Tetrachlonde 
Chloroform 
CycJohexane 
Ethyl Chlonde 
Ethylene Bromide 
Per chi oroeth y I ene 
Tall 011 

AV AILABILITY AND COMMERCIAL INFORM A nON -

Manufacturer: 

American Pump Company, Inc. 
P.O. Box 2680 
Springfield, MA 01101 
U.S.A. 
Telephone (413) 781-3280 

Distributor: 

Hydro Dynarmcs Ltd. 
482 McNlcoll 
Willowdale, OntarIO 
Canada 
M2H 2EI 
Telephone (416) 499-0360 

Other distributors In Montreal (Quebec), Edmonton and Calgary (Alberta). 

OTHER DATA-

Cost (1981 Prices): 

25.4 mm Pumps: 
(1 In) 

50.8 mm Pumps: 
(2 In) 

Polypropylene (No. 130) 
Teflon (Brute) 

Polypropylene (No. B230) 
Teflon (B2) 

Reference: Manufacturers' Literature. 

$ 3800 
$ 6400 

$ 7800 
$12 000 
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PRODUCT BELL & GOSSETT CENTRIFUGAL PUMPS No. 95 

APPLICABILITY Gas LiqUid Solid 
Sol Fl Sk Sol Fl Sk 

* * * 

DESCRIPTION - A lIne of centrifugal pumps With components resistant to chemical corrosion. 

OPERA TING PRINCIPLE - A centrifugal pump consists of an Impeller rotated InSide a casIng by a drive shaft 
extendIng outside the casIng from the aXIs of the Impeller. Rotation causes fluid to enter the centre (eye) 
of the Impeller and flow outward along the Impeller vanes. The tangential velOCity head imparted to the 
flUid changes to a pressure head as the flUid flows along the Inner casIng (volute) and out the discharge 
port. 

PHYSICAL SPECIFICATIONS -

Series 60 

Impeller keyed to shaft. 
Mechanical seal of carbon seal ring and ceramic seat. 
Shaft sleeve In wetted area of mechanical seal. 
Bearing bracket has Oil-lubricated bronze journal bearings With a hardened alloy steel shaft. 
FleXible couplmg to dampen starting torque and torsIOnal Vibrations. 
Iron With bronze fittings construction available as all iron or all bronze. 

Series 80 

Open dnp-proof motor enclosures (total encapsulated and explosion-proof motors are optional). 
Shaft sleeve protects wetted portion of shaft. 
Impeller keyed to shaft and secured With locknut and washer. 
Four seal options available. 

Series 1510 

Vertical split case deSign manufactured from Iron With bronze fittings, or all Iron or all bronu 
construction. 
Shaft sleeve protects wetted portion of shaft. 
Solid-type volute. 
Enclosed Impeller. 
Four seal options available. 

Series 1522 

Coupled to motor by spring-type couplIng. 
Mechanical seal of carbon steel ring and ceramic seat. 
Enclosed Impeller keyed to shaft. 
Vertical split case deSign manufactured from Iron, bronze or stainless steel with bronze fittings. 

Series 1531 

Drip-proof motors (explosion-proof or encapsulated enclosures available). 
Vertical split casIng. 
Four seal options available. 
Impeller locked to ~haft by key. , 
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OPERATING SPECIFICATIONS -

Capacities (approximate) 

Maximum 
Head 
(m) 

Senes 60 17.~ 

Senes 80 119.7 
Senes 1510 128.0 
Senes 1522 31. ~ 
Senes 1531 121. 9 

Maximum 
Pumpage 
(Lis) 

8.8 
16~.0 
170.3 
8.5 
16~.0 

Working Pressure (Optional) 
(kPa) 

1207 
1207 (l72~) 
1207 
1207 
1207 (l72~) 

STATUS OF DEVELOPMENT AND USAGE - Commonly used by the chemical processmg mdustnes. 

PERFORMANCE - The following chemlcals (or solutIOns of them) are c1almed by the manufacturer to be 
compatible with the Bell & Gossett centrifugal pumps: 

Acetaldehyde 
Acetone 
Acetomtnle 
Acetylene 
Acrolem 
Acrylomtnle 
Amyl Acetate 
Amlme 
Arsemc Tnoxlde 
Banum Carbonate 
Benzene 
Ethylbenzene 
2-Ethyl Hexanol 
Ethylene 
Ethylene OXide 
Fluorme 
Formaldehyde 
Furfural 
Glycenne 
N-Hexane 
Isopropyl Acetate 
Isopropyl Alcohol 
Lead Acetate 
Lead Nitrate 

Butadiene 
Butyl Alcohols 
Butylenes 
Butyraldehydes 
Calcium Carbide 
CalcIUm OXlde 
Caprolactam 
Carbon Dlsulphlde 
Carbon Monoxide 
Cellulose Acetate 
Chlorobenzene 
LiqUid Natural Gas 

and Petroleum Gas 
Mercury 
Methane 
Methanol 
Methyl Chlonde 
Methyl Ethyl Ether 
Methyl Ethyl Ketone 
Monomethylamme 
Naphtha Solvent 
Naphthalene 
Pentachloroethylene 
Phenol 
PotassIUm Cyamde 

Chloroform 
Copper Sulphate 
Cresol 
Cumene 
Cumene Hydroperoxlde 
Cyclohexane 
1,2-Dlchlorobenzene 
Dlmethylether 
Dlmethylamme 
Ethylacrylate (Monomer) 
Ethyl Acetate 
Potassium Chlonde 

(Potash) 
Potassium Dlchromate 
Propane 
Propylene OXide 
Sodium Chlorate 
Sodium Hydrosulphlte 
SodIUm Hydroxide 
Styrene Monomer 
Sulphur 
Tetraethyl Lead 
Toluene 
Trichloroethylene 
Xylenes 

The following chemicals have been processed by this Ime of pumps 10 the past: 

Acetone 
Benzene 
Butyl alcohols 
Butylenes 
Ethyl Alcohol 
Ethylene 

Glycerine 
Isopropyl Alcohol 
Propylene 
Sodium Hydroxide 
Trichloroethylene 

AV AILABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Bell & Gossett 
Morton Grove, IL 60053 
U.S.A. 
Telephone (312) 966-3700 
Contact: Mr. R.D. Von GIllern 

Dlstnbutor: 

ITT Industnes of Canada Limited 
55 Royal Road 
Guelph, Ontario 
Canada NIH I Tl 
Telephone (519) 821-1900 

OTHER DATA - No other informatIOn obtamed. 

Reference: Manufacturer's Llterature. 

/ 
/ 



229 

PRODUCT CHEMTROL CENTRIFUGAL PUMPS No. 96 

APPLICABILITY Gas LIqUId Solid 
Sol FISk Sol FISk 

* * * 

DESCRIPTION - A line of centrifugal pumps constructed of chemIcally-resIstant materials. 

OPERATING PRINCIPLE - Centrifugal pump consIsts of an Impeller rotated insIde a casing by a drive shaft 
extending outsIde the casing from the aXIs of the Impeller; rotatIon causes flUId to enter the centre (eye) of 
the Impeller and flow outward along the Impeller vanes; the tangential velocIty head Imparted to the flUId 
changes to a pressure head as the flUId flows along the Inner casing (volute) and out the dIscharge port. 

PHYSICAL SPECIFICATIONS -

ConnectIOns 

MaXImum MaXImum MaXImum 
Materials of SuctIOn DIscharge Power 

Model DeSCriptIOn ConstructIon (mm) (mm) (hp) 

CP- 3000 Close Coupled PVC or polypropylene 76 51 7-1/2 
CP- 4000 Self-Priming fIberglass reinforced epoxy 38 38 Not speCifIed 
CP- 5000 Motor Mounted polypropylene 32 25 3 
CP- 6000 Pedestal Mounted PVC or polypropylene 76 51 10 
CP- 7000 VertIcal Sump Pump CPVC 38 32 3 
CP- 9000 Pedestal Mounted polypropylene 32 25 2 
CP-IOOOO Pedestal Mounted reinforced epoxy 100 100 Not speCIfied 

resin 

PVC:: = PolYVinyl ChlOride CPVC = ChlOrinated PolYVinyl ChlOride 

MaXimum MaXimum MaXimum MaXimum 
Head Flow Pressure Temperature 

Model (m) (LIS) (kPa) (oC) 

CP- 3000 39.6 12.6 862 
CP- 4000 22.9 6.3 104.4 
CP- 5000 21.3 5.7 517 82.2 
CP- 6000 39.6 12.6 862 
CP- 7000 22.9 5.7 82.2 
CP- 9000 21.3 5.7 571 82.2 
CP-IOOOO 91.4 31. 6 121.1 

STATUS OF DEVELOPMENT AND ~SAGE - Commonly used by the chemICal processing industries. 

PERFORMANCE - The manufacturer claims the follOWing chemicals are compatible With Chemtrol 
centnfugal pumps If constructed of appropriate materials: 

Acetic ACId 
Acetone 
Aluminum Chloride 
AmmOnium Chlonde 
CalCIum Hypochlorite -", 
Carbon Tetrachloride 
Chlorobenzene 
ChromiC ACId 
Copper ChlOride 
Copper Sulphate 

Fernc Chloride 
Formaldehyde 
Glycerine 
Hydrochloric ACId 
HydroflUOriC ACId 
HydrofluosLllclc ACid 
Hydrogen Peroxide 
Methyl Ethyl Ketone 
Phenol 
Phosphonc ACid 

PotassIum Dichromate 
Potassium HydroxIde 
SodIum Chlorate 
SodIum Hydroxide 
Sodium Hypochlorite 
SulphUriC ACid 
Toluene 
ZinC Chloride 
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AV AILABlLlTY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Thorn pson-Chem trol 
921 Greengarden Rd. 
Ene, PA 16501-1591 
U.S.A. 
Telephone (814) 452-3185 

OTHER DATA - None obtamed. 

Reference: Manufacturer's Literature. 

Distributor: 

John Vissers Sales CorporatIOn 
8481 Keele St., Unit 18 
Concord,Ontano 
Canada 
L4K lZ7 
Telephone (416) 738-1555 

/ 
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PRODUCT CORCORAN CENTRIFUGAL PUMPS No. 97 

APPLICABILITY Gas Liquid Solid 
Sol FISk Sol FISk 

* * * 

DESCRIPTION - HOrizontal and vertical centrifugal pumps constructed of chemical-resistant materials. 

OPERATING PRINCIPLE - A centrifugal pump consists of an Impeller rotated inSide a casmg by a drive shaft 
extending outside the casing from the aXIs of the Impeller. Rotation causes flUid to enter the centre (eye) 
of the Impeller and flow outward along the Impeller vanes. The tangential velocity head Imparted to the 
flUid changes to a pressure head as the flUid flows along the mner casing (volute) and out the discharge 
port. 

PHYSICAL SPECIFICATIONS -

HOrizontal Pumps (Close-coupled) 

Model Motors Ports Seals 
(hp) (mm) 

1000-E 1/3 and 1/2 19 x 13 21 Buna-N, 
21 VI ton-A, or 
9 Vlton-A 

2000-E 1/3 to 1/2 25 x 32, 32 x 38 21 Buna-N, 21 Vlton, 
9 Vlton, or Type 9 
Teflon 

3000-0 1/3 to 30 32 to 102 Neoprene, Buna-N, 
4000-D Vlton-A, or Teflon 
and 5000-D 

H 1/3 to 100 13 to 127 Teflon, Vlton-A, or 
Buna-N 

Vertical Pumps: 

Model Motors Ports Gaskets 
(hp) (mm) 

VE, VEC 1/2 to 100 25 to 152 Buna-N or Teflon 

DVEC, VC: 1/2 to 100 25 to 152 Buna-N or Teflon 
Double Impeller 
(also available as 
a close-coupled, 
vertical, cantilever 
pump In ModeJ) 

VECC 1/2 to 100 25 to 152 Buna-N or Teflon 
Vertical, Cantilever, 
Shaft Pumps With 
Chair Mounts 
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All pumps avallable m the followmg matenals: 

18-8 Stamless Steel 
Type 316 Stamless 
Carpenter 20 CB 3 
Hastelloy Band C 
TltanIum 

ZlrCOnIUm 
Tantalum 
Monel 
Nlckel 

OPERA TING SPECIFICATIONS -

HOTlzontal Pumps Capacltles 

Model 1000-E 

Model 2000-E 

Model 3000-0, 4000-0, 5000-0 

0.3 Lis @ 6.1 m head (0.08 U.S. gal @ 20 ft) 

6.3 LIS @ 8.5 m head (1.7 U.S. gal @ 28 ft) 

0.6 to 22.1 Lis @ up to 121.9 m head (0.15 to 
6 U.S. gal @ up to 400 ft) 

Model H 

Vertlcal Pumps 

0.6 to 63.1 Lis @ up to 164.6 m head (0.15 to 
16.6 U.S. gal @ up to 5lj.0 ft) 

0.6 to 56.8 Lis @ 4.6 to 73.1 m head (0.15 to 
15 U.S. gal @ 15 to 2lj.0 ft) 

STATUS OF DEVELOPMENT AND USAGE - Commonly used m the chemlcal processmg mdustnes. 

PERFORMANCE - Wlth appropnate selection of matenals of construction, the manufacturer claims the 
followmg chemicals can be transferred by Corcoran centnfugal pumps: 

Cleaners 
Caustic Matenals 
5alt SolutlOns 
Chlonnated Solvents 
PhotographiC Chemicals 
DeiOnized Water 
Fatty ACids 
Phosphonc ACid 
Cltnc ACid 

Lactlc ACid 
Sulphunc ACId 
Chromlc ACid 
Platmg SolutlOns 
HydrochloTlc ACid 
FerTlc ChloTlde 
NltTlC ACid 
ChromiC ACld 
Chlor me Water 

AV AILABILITY AND COMMERCIAL INFORM A TION -

Manufacturer: 

R.S. Corcoran Company 
P.O. Box 2lj.6 
500 Old Hlckory Road 
New Lenox, IL 60451 
U.S.A. 
Telephone (815) 485-2156 

OTHER DATA - None obtamed. 

Dlstnbutor: 

John Vlssers Sales Corporation 
8481 Keele St., Unit 18 
Concord, OntaTio 
Canada 
L4K lZ7 
Telephone (lj.16) 738-1555 
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PRODUCT CRISAFULLI PUMPS No. 98 

APPLICABILITY Gas Liquid Soltd 
Sol FI Sk Sol FISk 

* * * -------------------
DESCRIPTION - Centrtfugal, hydrauhc, submersible, trailer-mounted and portable submersible pumps. 

OPERATING PRINCIPLE - Tratler-mounted pumps are backed mto reservoirs or canals and the pump dnven 
by an external motor (e.g., tractor) or tratler-mounted motor. Hydraulic submersible pumps are driven by 
remote hydraultc power umts (e.g., tractor power take-off). 

PHYSICAL SPECIFICATIONS -

Portables 

A two-wheeled trolley supportmg a submersible pump at ItS base and an electric or gas-powered motor 
at the top. 
Two models: 51 and 76 mm (2 and 3 m). 

Submersible Hydraulic Series 

Hydraultcally-dnven pumps. Typical power sources: back-hoes, loader tractors, tank trucks. 

No shaft seals or housmg seals reduces vulnerability to Slit, sand, mud, sludge or abrasives. 

All steel construction; standard sealed bearings. 

Models available: 51,62, 76, 102 and 152 mm (2, 2.5, 3, 4 and 6 In), Single 
or double mtake. 

203, 254, 305 and 406 mm (8, 10, 12 and 16 m), double 
mtake only. 

SpeCial epoxy-coated models avatlable for high aCid app!tcatlOns. 
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Portable Trailer Series 

Two-wheeled trailer supporting a submersible pump above axles at one end. 

Three designs available: Long Hitch 7.0 m (23 ft) trailer 
Short Hitch ~. 7 m (15 ft) trailer 
Steep Angle 6.8 m (22 ft) trailer for pumps greater than 203 mm (8 In) 

Pump SIZes available: 102 to 610 mm (~to 2~ In). 
OptIOnal epoxy coating available for high aCid apphcations. 
ExtenSIOn trailers available for additIOnal reach. 
All steel constructIOn; standard sealed beanngs. 
No shaft seals or hOUSing seals reduce pump vulnerablhty to silt, sand, mud, sludge or abrasives. 

Slurry Pumps 

Same as portable trailer models, but eqUipped With a "Slurry Gate" to facdltate agitation and mixing of 
VISCOUS matenal. 

Pump sizes available: 102 to ~06 mm (4 to 16 In). 

9.5 mm (3/8 In) steel plate constructIOn. 

OPERATING SPECIFICATIONS - A Cnsafulh pump requires no pnmlng, suction pipeS screens, or check 
valves; and IS self-draining. 

Portables 

51 mm - up to 9.5 L/s water. 
76 mm - up to 37.9 LIs water. 

Submersible Hydraulic Series 

Total Head Developed: 0 to 15.2 m (0 to 50 ft). 
Average Pump Flows: 9.5 to 252 LIs (150 to ~ 000 U.S. gpm). 

Portable Trailer Series 

powered by gas, diesel or electnc motors mounted on trailer, or by auxlhary motors (eg. tractor). 
Capacities: 63 to 151~ LIs (1000 to 2~ 000 U.S. gpm). 

Slurry Pumps 

Pumping Rate @ 3 m T.D.H.: 69 to 2~0 LIs (1100 to 3800 U.S. gpm). 
Horsepower (corresponding to above pumping rates): 20 to 135. 

STATUS OF DEVELOPMENT AND USAGE - Cnsafulli pumps are used for IrngatlOn, flood control, flshenes, 
and Industnal, mUnicipal, and constructIOn applicatIOns. Their use In response to hazardous matenal spills 
has not been documented to date. 

PERFORMANCE - Cnsafulll claims their pumps can transfer the follOWing materials: 

Acetaldehyde 
AcetiC ACid (5%) 
Acetone 
AmmOnium ChlOride 
AmmOnium Hydroxide 
AmmOnium Nitrate 
AmmOnium Phosphate 
CarbOniC ACid (Phenol) 
Carbon Blsulphlde 
Carbon DIOXide 
Carbon Tetrachloride 
CarbOniC ACId 
Chlorinated Solvents 

AmmOnium Sulphate With H2S0~ 
AmmOnium Sulphate 
Benzene 
BenzoIc ACid 
Bleach SolutIOns 
BoriC ACid 
CalcIUm ChlOride 
Sodium ChlOride 
SodIUm Cyanide 
SodIUm Hydroxide 
Sodium Hydrosulphlte 
Sodium HypochlOrite 
Sodium Nitrate 



Chlorine 
Copper Sulphate (Blue VitrIOl) 
Ethanol 
Ethylene Chloride (cold) 
Hydrochloric ACid 
Hydrofluoric ACId 
Hydrogen Peroxide 
Latex 
Mercury 
Methyl Alcohol 
Methylene Chloride 
Perchloroethylene 
PotassIUm Sulphate 
SodIUm Carbonate 
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SodIUm Phosphate (mono) 
SodIUm Phosphate (dl) 
Sodium Phosphate (tn) 
Sodium Phosphate (meta) 
SodIUm SJllcate (water glass) 
Sodium Sulphate 
Sodium Sulphite 
Sulphur (In water) 
Sulphur (molten) 
Sulphuric ACid (77%) 
Tetraethyl Lead 
Toluene (Toluol) 
Trichloroethylene 

A V AIL ABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Cnsafulll Pump Company, Inc. 
P.O. Box 1051 
Crisafulli Drive 
Glendive, MO 59330 
U.S.A. 
Telephone (406) 365-3393 
Contact: Ms. M. Shipley, Sales DIvIsIOn 

Distributor: 

Dow Equipment 
P.O. Box 1777 
Brantford, Ontario 
Canada 
N3T 5T9 
Telephone (519) 752-3971 

OTHER DATA - Crisafulli also markets vertical tank pumps, floating pumps and sludge handlmg systems. The 
company has developed pollutiOn (mcludmg spill) control hardware m the past. 

References: Manufacturer's Literature; personal communicatIOn, Ms. M. Shipley, Crisafulli Pump Company 
(March 16, 1981). 
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PRODUCT FL YGT SUBMERSIBLE PUMPS No. 99 

APPLICABILITY Gas Liquid Soltd 
Sol FISk Sol FISk 

* * * 

DESCRIPTION - Submersible, abrasive-resistant, centrifugal pumps sUitable for pumping certain hazardous 
chemicals. 

OPERATING PRINCIPLE - These submersible pumps operate on the centrifugal principle (see Entry No. 96). 

PHYSICAL SPECIFICATIONS -

Materials of Construction 

All wetted metal parts are of stainless steel. 
All Impellers (two vane) are of stainless steel. 
Standard rotating rings are of ceramiC, the upper stationary seal IS of carbon and the lower stationary seal 
IS of soltd slntered carbide. 

Motor: 

Motor rating 
Voltage 
Current 
Amperage (max.) 
Input (max.) 
rpm 

Power: 

Voltage 

230 V /1 phase 
230 V /3 phase 
1+60 V /3 phase 
575 V /3 phase 

Weight: 

Single Phase 

2.5 hp 
230 V 
60 cycle 
10.5 
390 W 
3600 

Three Phase 

3.7 hp 
230/1+60/575 V 
60 cycle 
10/5/1+ 
300/300/300 W 
3600 

Starting Amps Starting kW 

1+0 9.2 
56 22 
28 22 
22 22 

Series 2060: 29.5 kg (65 lb) 
Series 3060: 1+3.0 kg (95 Ib) 

Discharge Flange: 

Series 2060: 76 mm (3 In) 

Series 3060: 61+ mm (2.5 In) vertical (can be modified to 76 mm (3 In» 

BUilt-in thermal overload protectIOn (as required). 

Should overheating occur, a contactor unit In the starting eqUipment cuts the control circuit by means of 
thermo-contacts bullt Into the stator end winding. The pump cannot be restored until the temperature has 
returned to Within operating ltmlts. 

Standard equipment for both series (2060, 3060) Include: power cable, control box and discharge 
connection. 
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OPERATING SPECIFICATIONS - Maximum temperature of the pumped hqUJd for both series (2060, 3060) IS 

40°C (i04°F) although with external cooling, the 3060 senes can handle higher temperatures. 

Series 2060: 

can operate partially or fully submerged; 
can handle \Jqulds containing so\Jds up to 6.4 mm (0.25 In) m diameter; and 
can pump up to 20 LIs and heads up to 24 m (80 ft). 

Series 3060: 

can pump up to 18.9 LIs and heads up to 25.9 m (85 ft). 

STATUS OF DEVELOPMENT AND USAGE - Submersible pumps are commercIally avaIlable for use In the 
chemical processmg industries, agriculture, and sewage treatment. 

PERFORMANCE - The manufacturer claIms the Flygt submersIble pumps are compatIble with the follOWing 
chemicals: 

Series 2060: 

Material 

Ammonium Hydroxide 
CalCIUm Hydroxide 
Potassium Carbonate 
Sodium Carbonate 
BOric ACid 
SulphUriC ACid 

Temperature 
limit (OC) 

20 (68°F) 
20 (68°F) 
20 (68°F) 
20 (68°F) 
40 (l04°F) 
20 (68°F) 

Concentration 
(%) 

All 
All 
50 
30 
All 
10 

Has limited resistance to the follOWing material due to elastomers In constructIOn. 

Temperature Concentration 
Material Llml t (OC) (%) 

Caustic Soda 20 78 
Phosphoric ACid 50* 50 
Stearic ACId 40 All 
Acetic ACId 40 50 

* External coo\Jng required over 40°C. 

Series 3060: 

Tem per ature Concentration 
Material Limit (OC) (%) 

Ammonium Hydroxide 20 All 
PotassIUm Hydroxide 20 15 
Carbo!Jc ACid All All 
CalCium Hydroxide 20 All 
PotassIUm Carbonate 20 50 
Caustic Soda 20 78 
SodIUm Carbonate 20 30 
Boric ACId 40 All 
PhosphOriC ACid 50* 20 
Stearic ACid 40 All 
SulphUriC ACId 40 10 
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Has limIted resIstance to acetIc aCId (15%) at 40°C due to elastomers m constructlOn. * External 
<:oo11ng requIred over 40°C. 

AVAILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Flygt Canada 
300 Labrosse Avenue 
POlnte ClaIre, Quebec 
Canada 
H9R 4V5 
Telephone (514) 695-0100 

Other offICes m Port CoqUltlam, B.C., Calgary, Edmonton, Wmmpeg, Rexdale, Hamllton, Sudbury, Nepean, 
Quebec CIty, Sept lies, Moncton, St. John's. 

OTHER DATA - Many other submersIble pumps, supphed by Flygt, are avallable for other apphcations. These 
pumps are claImed to have good tolerance for solids. 

References: Manufacturer's LIterature. 
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PRODUCT FYBROC FIBERGLASS PUMPS No. 100 

APPLICABILITY Gas Liquid Solid 
Sol FISk Sol Fl Sk 

* * * 

DESCRIPTION - Centrifugal pumps manufactured from fiberglass for handling corrosive materials In the 
chemical processmg Industnes. 

OPERATING PRINCIPLE - See Entry No. 96. 

PHYSICAL SPECIFICATIONS -

Available In the following models: 

Series 1500 HOrizontal Pump 
Series 1000 and 2000 HOrizontal Pumps 
Series 3000 Recessed Impeller HOrizontal Pump 
Series 5000 Vertical Sump Pump 
Series 6000 Recessed Impeller Vertical Pumps 
Senes 7000 Vertical Cantilever Pumps 

Series 

1500 
1000 
2000 
3000 
5000 
6000 
7000 

Available 
SuctIOn Sizes mm (In) 

40 to 150 (1.5 to 6) 
51 to 102 (2to 4) 
76 to 254 (3 to 10) 
51 to 203 (2 to 8) 

Available 
Discharge Sizes mm (In) 

25 to 100 (J to 4) 
25 to 76 (J to 3) 
38 to 203 (1.5 to 8) 
25 to 152 (J to 6) 
51 to 203 (2 to 8) 
51 to 152 (2 to 6) 
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Materials of Wetted Parts 

Series 1000 

Series 2000, 
3000 

5erles 5000, 
6000 

Series 7000 

Glass-reinforced vinyl ester (or epoxy) 

Glass-reinforced vinyl ester (or epoxy) 
Solid metal shaft In some models 

Glass-reinforced vinyl ester (or epoxy) 
Teflon sleeve bearings 

Glass-reinforced vinyl ester (or epoxy) 
Shaft, hardware, Impeller key chosen to SUIt pumped material (I.e., 31655, Carpenter 20, 
Titanium or Hastelloy Bk) 

Other material formulatIOns are available for elevated temperature services and abrasives. 

General Physical Properties: 

Tensile Strength 1034 to 3347 bar (15000 to 50 000 pSI) 
Flexural Strength 2068 bar (30 000 pSI) 
Weight: 25 to 50% less than metal. 
Non-magnetic, non-sparking, non-scoring. 
Physical properties not affected by temperatures up to 99°C (210°F) With most liqUids. 

OPERATING SPECIFICATIONS -

CapaCities (depending on Size, speed, and TDH): 

Series up to LIs (U.S. gpm) 

1000 35 ( 550) 
2000 252 (4000) 
3000 158 (2500) 
5000 252 (4000) 
6000 158 (2500) 
7000 158 (2500) 

STATUS OF DEVELOPMENT AND USAGE - Fybroc fiberglass process pumps have transferred most corrosive 
aCids, caustics, hquld chemical wastes and slurries of mildly or non-abrasive solids In the chemical 
processing, pulp and paper, refinery, Utlltty, and waste treatment industries. 

PERFORMANCE - Fybroc pumps are claimed to be compatible With the follOWing chemicals and their 
solutions: 

AcetiC ACid 
AdipIc ACid 
Aluminum ChlOrIde 
Aluminum Hydroxide 
Aluminum 5ulphate 
AmmOnia (wet) 
AmmOnium ChlOride 
AmmOnium Nitrate 
AmmOnium Phosphates 
AmmOnium Sulphate 
Banum Sulphate 
Benzene 
BenzoIc ACid 
Potassium Carbonate 
PotassIUm Sulphate 
Propylene Glycols 
Sodium Carbonate 
Sodium Chlorate 
Sodium ChlOrIde 
Sodium Cyanide 
Sodium Dichromate 

Borax 
Bonc ACid 
Calcium Carbonate 
CalcIUm ChlOride 
CalcIUm HypochlorIte 
Calcium OXide/Hydroxide 
Carbon TetrachlorIde 
Chloroform 
Copper Sulphate 
Dichlorobenzene 
Ethanol 
Ethyl ChlOrIde 
Ethylene Glycol 
Sodium Hydroxide 
SodIUm Hypochlorite 
Sodium Nitrate 
Sodium Phosphates 
Sodium SIlicates 
Sodium Sulphate 
Sodium Sulphite 
StearIc ACid 

FerriC ChlOrIde 
Formaldehyde 
Hydrogen Chloride/Acid 
Hydrogen Peroxide 
Hydrogen Sulphide 
Isopropanol 
MagneSium Hydroxide 
Methanol 
Methyl Isobutyl Ketone 
Naphthalene 
NitriC ACid 
PhosphorIC ACid 
Potash (potassium ChlOride) 
SulphUrIC ACid (and Oleum) 
Toluene 
Turpentine 
Urea 
Vinyl Acetate 
Xylenes 
ZinC ChlOrIde 
ZinC Sulphate 
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AVAILABILITY AND COMMERCIAL lNFORMA TION -

Manufacturer: 

Met-Pro CorporatIOn, 
Fybroc DIvIsIOn 
235 Township Lme Road 
Hatfield, PA 19440 
U.S.A. 
Telephone (215) 723-8155 
Telex: 846-361 

OTHER DATA - None obtamed. 

Reference: Manufacturer's Literature. 

Distributor: 

Dynesco Equipment Sales Ltd. 
923 Oxford St. 
Toronto, OntariO 
Canada 
M8Z 513 
Telephone (416) 252-5601 

7575 Trans Canada Hwy 
Montreal, Quebec 
Canada 
H4T I V6 
Telephone (514) 337-1505 
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PRODUCT FRAMO SUBMERSIBLE PUMPS No. 101 

---------- --------------------------------
APPLICABILITY Gas LiqUid Solid 

Sol FI Sk Sol FI Sk 

-------- ---
DESCRIPTION - Portable hydraulically-driven, submersible pumps with self-contained hydraulic powerpacks 

for emergency off-loading of chemicals and light vIscosity oils. 

OPERATING PRINCIPLE - Centrifugal pumps powered by remote electro-hydraulic or diesel-hydraulic 
power packs. See Entry No. 96. 

PHYSICAL SPECIFIC A nONS -

TK-4 TK-5 
Weight, excl. hoses (kg) ~ 70 
Weight, inC. hydro hoses (kg) N/A 130 
Height (mm) N/ A 653 
Materials exposed to cargo AISI 316 stainless steel and Teflon 
Max. Pump Diameter (mm) 300 300 
Hydraulic Motor Type Vane AXial Piston 
TK-5 pump supplied with 18 m (60 ft) of concentrically fitted pressure and return neoprene rubber 
hydraulic hoses, with control valve and snap-on couplings. 
Power packs are mounted on compact skids with aluminum frames for transport by truck or helicopter. 

Diesel-hydraulic Power Pack: 

Weight Includes oil and fuel to start: 11 00 kg (2400 Ib) 
Length x wIdth x height: 2100 x 800 x 1200 mm (82.5 x 31.5 x 47 In) 
Capacity of Diesel Fuel Start Tank: 30 L (8 U.S. gal) 

Electro-hydraulic Power Pack: 

Consult manufacturer. 



OPERATING SPECIFICATIONS -

Design Capacity (m 3/h at 70 mwc head) 
Maximum Capacity (m 3/h at 20 mwc head) 
Hydraultc Workmg Pressure (bar) 
Hydraulic 011 Flow (L/mm) 
ReqUired Powerpack Output (hp) 
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TK-4 

70 
100 
150 
145 
60 

TK-5 

190 
250 
320 
130 
100 

STATUS OF DEVELOPMENT AND USAGE - Framo pumps were designed primarily for off-loading oil from 
disabled ocean tankers In emergency situations. Their application to smaller volume spills on land or In 
Inland waters IS feasible, but should be discussed with the manufacturer. 

PERFORMANCE - Framo pumps transferred 34 000 tons of heavy Iraman crude oil from the 35000 ton cargo 
of the grounded "ChrIstos B1tas" off the shores of Wales during a mne day period In October 1978. 

Both pumps, TK-4 and TK-5, were tested by the U.S. Coast Guard for use In the ADAPTS and NAVSEA 
systems. Both pumps performed adequately with ADAPTS with the TK-5 providing a higher discharge rate. 
The TK-5 performed well with the NAVSEA system. Tests were conducted with fresh water and No.4 fuel 
oil. 

Refer to Hazardous Chemical Pumps Tests, July 1980, by S.J. Rosenberg and R.F. Christensen of the U.S. 
Coast Guard. 

AV AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Frank Mohn Fusa A/S 
P.O. Box 10 
N-5670 Fusa 
Norway 
Telephone (47) (055) 82100 
Telex: 40417 alb FRAFUN 

In the United States: 

Frank Mohn Houston, Inc. 
Sales and Service Office 
P.O. Box 1586 
La Porte, Texas 77571 
U.S.A. 
Telephone (713) 471-7920 
Telex: 230-790108 alb FRAMO LAPT 

In Canada: 

MarItime Hydraulics and Machmery 
10 Akerly Blvd., SUite 15-17 
Dartmouth, N.S. 
B3B lJ4 
Canada 
Telephone (902) 861-4885 

OTHER DATA - Frank Mohn al~o manufactures an Emergency Off-Loading System consisting of the TK-5 and 
TK-6 pumps (specially deSigned for large volume transfer of crude Oil or high VISCOSity fluids) contained In 
two containers, complete with power pack, hoses, and fuel tanks. ThiS system IS presently (1984) used by 
the Canadian Coast Guard (contact Ed Gauthier, Canadian Coast Guard: Emergencies, telephone (613) 992-
9743, Ottawa, Ontario, Canada). 

References: Manufacturer's LIterature; Rosenberg, S.J. and R.F. Christensen. 



244 

PRODUCT GILKES 3.25 F PORTABLE EMERGENCY TURBO PUMP No. 102 

APPLICABILITY Gas Liquid SolId 
Sol Fl Sk Sol Fl Sk 

* * * 

DESCRIPTION - A lIghtweight, portable, flame-proof pump for handling volatile lIquids which IS powered by a 
turbo water motor. 

Pump Inlet 
2" (5 cm) 

Pump Discharge 2" (5 cm) 

Pump Suction 

OPERATING PRINCIPLE - The pump IS powered by a reactIOn-type water motor (FrancIs prinCiple) In which a 
Circular Impeller IS rotated by the force of water entering the casing from an external pressurized water 
source, such as a fire truck or water main. 

PHYSICAL SPECIFICATIONS -

Water Motor: 

Gilkes 3.25 FrancIs Water Motor 
4 bhp @ 3 600 rpm with 5.8 Lis of water @ 965 kPa pressure 
Constructed of bronze with stamless steel shaft and flttmgs for fresh or salt water operations. Water 
motor Inlet: 32 mm (1.25 In) B.S.P.j water motor outlet 51 mm (2 In) B.S.P. 

Self-Priming Pump: 

Output of 11.0 Lis @ discharge pressure of 117 kPa 
Constructed of cast Iron or stainless steel, depending on lIqUids to be handled. Pump Inlet and discharge 
flange-51mm (2 In) B.S.P. 
Carrymg Bar 
Overall Weight: 45.5 kg (loo Ib) 

OPERATING SPECIFICATIONS -

Turbo pump performance with different turbine conditIOns: 

Turbine - 5.8 Lis @ 965 kPa can pump 11.0 Lis @ 12.2 m head - 4.7 Lis @ 30.5 m head 
Turbme 4.9 Lis @ 690 kPa can pump 10.4 Lis @ 6.1 m head - 0.3 Lis @ 27.4 m head 
Turbine - 3.5 Lis @ 345 kPa can pump 6.3 Lis @ 1.5 m head - 0.6 Lis @ 12.2 m head 
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STATUS OF DEVELOPMENT AND USAGE - The portable emergency turbo pump IS appltcable to refmerles, 
general chemical sites, firefighters, tankers (highway, railroad, water) and emergency response teams. 

PERFORMANCE - Use of this pump m response to hazardous chemICal spills has not been documented. 

AV AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

GLlkes Inc. 
1902 Highway IIJ.6 
P.O. Box 628 
Seabrook, TX 77586 
U.S.A. 
Telephone (713) 1J.71J.-3016 
Telex: 792-653 

No Canadian Distributor 

OTHER DATA - None obtamed. 
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PRODUCT INGERSOLL-RAND GRP PUMPS 

APPLICABILITY Gas LiqUid Solid 
Sol FI Sk Sol FI Sk 

* * *" 

DESCRIPTION - Single-stage, end-suctiOn, centrifugal pump constructed of glass-remforced plastic. 

OPERATING PRINCIPLE - All pumps operate on the centrifugal principle. See Entry No. 96. 

PHYSICAL SPECIFICATIONS -

Pump Size 
mm (in) 

Suction 
mm (10) 

38 x 25 x 152 (1.5 x 1 x 6) 38 (1.5) 
76 x 51 x 152 (3 x 2 x 6) 76 (3) 
76 x 38 x 203 (3 x 1.5 x 8) 76 (3) 

102 x 76 x 203 (4 x 3 x 8) 102 (4) 
76 x 38 x 254 (3 x 1.5 x 10) 76 (3) 

102 x 76 x 254 (4 x 3 x 10) 102 (4) 
152 x 102 x 254 (6 x 4 x 10) 152 (4) 

Discharge 
mm (10) 

25 (1) 
51 (2) 
38 (1.5) 
76 (3) 
38 (1.5) 
76 (3) 

102 (4) 

Weight Width 
kg (lb) mm (10) 

27.2 (60) 273 (11) 
29.5 (65) 273 (11) 
79.4 (175) 413 (16) 

All wetted parts are made of glass-remforced vinyl ester of polymer material. 
(Note: Heights variable, dependmg on bed plate.) 

Length 
mm (10) 

445 (17.5) 
445 (17.5) 
597 (23.5) 
597 (23.5) 
597 (23.5) 
597 (23.5) 
597 (23.5) 

No. 103 

OPERATING SPECIFICATIONS - GRP pump capacities range from 0 to 189 LIs, with heads up to 50 m @ 1800 
rpm and from 0 to 44 L/s, with heads up to 100 m @ 3600 rpm. 

STATUS OF DEVELOPMENT AND USAGE - Commonly used 10 corrosive chemical services 10 the chemical 
processmg mdustries. 

PERFORMANCE - GRP pumps are claimed to transfer the followmg chemicals: 

Acetic ACid 
Aluminum ChlOride 
Alummum Sulphate 
Ammomum ChlOride 
Ammomum Nitrate 
Ammomum Phosphate 
Copper Sulphate 
Cyclohexane 
Dichlorobenzene 
Ethanol 
Ethyl Benzene 
Ethylene 
Ethylene Glycol 
FerriC Chloride 
Formaldehyde 
Hydrogen Chloride/Acid 
Hydrogen Peroxide 
Isopropanol 
Latex 

Ammomum Sulphate 
Barium Sulphate 
Benzene 
Borax 
BoriC ACid 
CalcIUm Carbonate 
MagneSium Hydroxide 
n-Butanol 
n-Hexane 
NitriC ACid 
Phenol 
PhosphOriC ACid 
Potash (Potassium ChlOride) 
PotassIUm Carbonate 
Potassium Sulphate 
Propylene Glycols 
Sodium Carbonate 
Sodium Chlorate 
SodIUm ChlOride 

Calcium ChlOride 
CalcIUm Hypochlorite 
CalcIUm OXide/Hydroxide 
Carbon Dlsulphlde 
Carbon Tetrachloride 
Chlorme 
Sodium Dichromate 
Sodium Hydroxide 
SodIUm Hypochlorite 
Sodium Nitrate 
Sodium Sulphate 
Sodium SuJphl te 
Styrene (Monomer) 
SulphUriC ACid (and Oleum) 
Toluene 
Xylenes 
Zmc ChlOride 
Zmc Sulphate 
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AVAILABILITY AND COMMERCIAL INFORM A TlON -

Manufacturer: 

Ingersoll-Rand Company 
Pump Group 
No. I Pump Place 
Allentown, PA 18105 
U.S.A. 
Telephone (215) 776-6100 

In Canada: Head Office: 

Ingersoll-Rand Canada, Inc. 
630 Dorchester Blvd. West 
Montreal, Quebec 
Canada 
H3B IS6 
Telephone (514-) 379-3000 

OTHER DATA - No other mformatlOn obtamed. 

Reference: Manufacturer's Literature. 

In Canada: Branch Offices: 

225 Lesmlll Rd. 
Don Mills, Ontano 
M3B 2VI 
Telephone (4-16) 4-4-5-4-4-70 

333-11th Ave. SW 
Calgary, Alta. 
T2R OC7 
Telephone (4-03) 261-8652 

4-4-4- Barrydowne Rd 
Sudbury,Ont. 
P3A 3T3 
Telephone (705) 566-4-121 

1695 Mam St. 
Vancouver, B.C. 
V6A 2W7 
Telephone (604-) 879-0556 
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PRODUCT KONTRO SEAL-LESS PUMPS No. 104 

APPLICABILITY Gas LlqUld Solld 
Sol Fl Sk Sol Fl Sk 

* * * 

DESCRIPTION - A Ime of seal-less magnetlc-dnve pumps constructed from corrOSiOn-resIstant matenals. 

OPERATING PRINCIPLE - The Impellers of these centrifugal pumps are driven by a rotatmg magnet 
(magnetIc mductiOn) outSIde of the Impeller casmg, thus elimmatmg the need for a drive shaft seal. 

PHYSICAL SPECIFICATIONS -

Model 

DC (ChemIcal ServIce) 

HS (HIgh Capabillty) 

HS/HSP (HIgh System Pressure) 

HJ (Jacketted) 

Materials of ConstructIon 
Wetted Parts Dnve Shaft Beanngs 

316 stamless steel 

Carbon steel, 
Stamless steel, 
Alloy 20, Monel, 
Hastelloy, Nickel 

pure fused carbon or 
fdled Teflon 

pure fused carbon or 
fIlled Teflon 

Sames as HS except pump casing IS Nlmomc 
90 (same chemIcal resIstance as steel). 

Carbon steel, 
Stamless steel, 
Alloy 20, Monel, 
Hastelloy, NIckel 

N/A 

Dnve motor IS a NEMA standard foot-mounted desIgn. 

OPERATING SPECIFICATIONS -

MaXImum 
Total MaXImum MaxImum Range of 

Range of DynamIC Sollds Solids Operatmg MaXimum 
Flow Rates Head Content SIze Temperature Pressure 

Model (L/s) (m) (by WeIght) (ll m) (OC) (kPa) 

DC 0.03 to 6.3 91.4 1.5% 100 - 40 to 260 1 034 
HS 0.03 to 94.7 91.4 1.5% 100 -212 to 399 2068 
HJ 0.03 to 94.7 91.4 1.5% 100 -212 to 399 2068 
HS/HSP 0.03 to 6.3 91.4 1.5% 100 - 40 to 260 34474 

STATUS OF DEVELOPMENT AND USAGE - CommercIally avaIlable for corrOSIve acid or a1kalme chemIcal 
transfer serVIces m the chemIcal processmg mdustries. 

PERFORMANCE - The manufacturer claIms the followmg chemIcals or theIr solutiOns may be transferred by 
Kontro seal-less pumps if constructed of the appropriate materials. 



ACIDS 

Acetic Acid 
BenzOic ACid 
BOric ACid 
Carbolic ACid 
Chlorosulphonic ACId 
Formic Acid 
Hydrobromic ACid 
Hydrochloric ACid 

ALKALIS 

Ammonium Hydroxide 
CalcIUm Hypochlorite 
Ferric Hydroxide 
Potassium Hydroxide 
Sodium HypochlOrite 
SodIUm Chlorite 

HYDROCARBONS 

Acrylonitrile 
Amyl Acetate 
Benzene 
Butadiene 
Butane 
Chlorobenzene 
Chloroform 
Chloroprene 
Cyclohexane 
Dichlorobenzene 
Ethylene 
Furfural 
Hexane 
Methylene Dichloride 

Hydrocyanic ACid 
Lactic ACid 
Maleic ACid 
Nitric ACid 
Oxalic ACid 
Phosphoric ACid 
Phthalic ACid 
Sulphuric ACid 

HALOGENIDES 

Anhydrous Chlorme 
Carbon Tetrachloride 
Hydrogen Chloride 
Methyl Chloride 
Methylene Chlonde 
Slilcon Tetrachlonde 

Methyl Naphthalene 
Naphtha 
Naphthalene 
Pentane 
Phenol 
Phthalic Anhydnde 
Polychlonnated 

Biphenyls 
Styrene 
Toluene 
Trichloroethylene 
Vinyl Acetate 
Vinyl Chlonde 

Monomer 
Xylene 
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ALCOHOLS and GLYCOLS 

Butanol 
Dlethyl Glycol 
Ethanol 
Glycol 
Isopropyl Alcohol 
Methanol 
Propanol 
Propylene Glycol 

NITROGEN & SULPHUR 
COMPOUNDS 

Anhydrous AmmOnia 
Carbon Dlsulphlde 
Sulphur DIOxide 
Trlethanol Amine 

SALTS 

Alummum Chloride 
AmmOnium Chloride 
AmmOnium Sulphate 
Calcium Chloride 
Copper Sulphate 
Ferrous Chloride 
Ferrous Sulphate 
Phosphorus Trichloride 
Phosphorus OxychlOride 
Potassium Chlorate 
SodIUm Carbonate 
Sodium Chlorate 
Sodium Cyamde 
SodIUm Nitrate 
Sodium Sulphate 
Zmc Chlonde 

-------------
OTHER CHEMICALS 

Acetaldehyde 
AcetiC Anhydnde 
Acetone 
Acrolein 
Ethylene OXide 
Ethyl Ether 
Formaldehyde 

Hydrogen PerOXide 
Lead Acetate 
Mercur IC Chlonde 
Methacrylates 
Methyl Ethyl Ketone 
Minerai Oli 
Propylene OXide 

Tetraethyl Lead 
Vegetable Oils 
Water, Boller 
Water, DeIOnized 
Water, Demlnerailzed 
Water, Heavy 

AVAILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

The Kontro Company, Inc. 
P.O. Box 30 
450 West River Street 
Orange, MA 01364 
U.S.A. 
Telephone (617) 544-2536 

OTHER DATA - None obtained. 

Distributor: 

Technotherm Inc. 
4916 rue Sherbrooke ouest 
Montreal, Quebec 
H3Z IH3 
Telephone: (514) 483-3030 
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PRODUCT LFE MAGNETIC DRIVE PUMPS No. 105 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

1(- 1(- 1(-

DESCRIPTION - A line of seal-less, magnetic-drive pumps constructed from corrOSIOn-reSistant materials. 

OPERATING PRINCIPLE - The Impellers of these centnfugal pumps are dnven by a rotating magnet (magnet 
inductIOn) outSIde of the Impeller casing, thus eliminating the need for a dnve shaft seal. 

PHYSICAL SPECIFICATIONS -

SuctIOn DIscharge 
SIze Size Power Weight HeIght Length WIdth 

Model mm (m) mm (m) (hQ) kg (lb) mm (In) mm (m) mm (m) 

MDH-32-GO 1/2 380.5) 320.3) 1 31. 7 (70) 229 (9) 533 (21) 203 (8) 
MDH- 32-G03/4 380.5) 320.3) 1 31.7 (70) 229 (9) 559 (22) 229 (9) 
M DH-25-GO 1/2 32 0.3) 25 (1) 1/2 19.0 (42) 203 (8) 457 (8) 203 (8) 
MDH-25-G03/4 320.3) 25 (1) 1/2 19.0 (42) 203 (8) 533 (21) 26700.5) 
MDH-80-G02 19 (0.7) 19 (0.7) 1/3 12.2 (27) 165 (6.5) 381 (5) 191 (7.5) 
MDR-60T -GOI/2 19(0.7) 13 (0.5) 1/4 7.9 (7) 165 (6.5) 330 (13) 191 (7.5) 
MDR-40T -GOI/2 13 (0.5) 13 (0.5) 1/8 3.6 (8) 127 (5) 279 (1) 152 (6) 
MDR-30T -GOI/2 13 (0.5) 13 (0.5) 1/20 3.4 (7.5) 127 (5) 26700.5) 89 (3.5) 
MD-15T-GOI/2 13 (0.5) 10 (0.4) 1/20 3.4 (7.5) 127 (5) 26700.5) 89 (3.5) 
MD-15A-GO 1/2 13 (0.5) 13 (0.5) 1/20 2.5 (5.5) 102 (4) 21608.5) 89 (3.5) 
MD-6-G03/1 13 (0.5) 13(0.5) 1/225 0.9 (2) 89 (3.5) 102 (4) 76 (3) 
MDF-50 500.9) 38 (1.5) 3 or 5 54.4 (120) 346 (13.6) 838 (33) 279 (11) 
MDF-65 65 (2.6) 51 (2) 3 90.7 (200) 416(16) 838 (33) 359 (4) 
MDF-80 80 (3.5) 64 (2.5) 5 99.8 (220) 416(16) 838 (33) 36704.5) 

Materials of ConstructIon 

MDH, MDR, MD Senes: Magnets encapsulated m polypropylene supported by an mert TFE beanng on a 
ceramIC spindle. 

MDR-30T/40T/50T/60T Senes: Ultra pure alumma ceramIC spmdle. 

MDF Series: liqUid ends constructIOn of chemIcally mert fluoroplastlc. 

Casmgs: MDF-50: Polyvmyhdene fluonde 
MDF-65/80: Du Pont Tefzel 
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Spindles: Alumina ceramic (MDF-65/80) PTFE covered Hastelloy C (MDF-50) 

Bearings: Alumina ceramic (MDF-50) or PTFE or carbon (MDF-6585) 

O-Ring: Vlton (EPR optional) 

Thrust Ring: Ceramlc/PTFE (MDF-50/65/80) or ceramic/carbon (MDF-65/80) 

OPERATING SPECIFICATIONS -

FlUId Characteristics: 

Temperature: MD, MDH Series 0° to 60°C 
MDR Series: 0° to 82°C 
MDF Series: 0° to 80°C 

Kinematic ViSCOSity: MD, MDH, MDR Series: up to 3 x 10-5 m2/s 

SpecifiC Gravity: MD, MDH, MDR Series: up to 1.3 
MDF Series: up to 2.0 

Capacities: 

MD Series: 
MDR Series: 
MDH Series: 
MDF Series: 

up to 9.9 m head or 1.1 LIs 
up to 9.1+ m head or 1.1 LIs 
up to 18.3 m head or 3.8 LIs 
up to 32.0 m head or 11.1+ L/s 

STATUS OF DEVELOPMENT AND USAGE - Commonly used for corrosive aCid or alkaline transfer services In 

the chemical processing industries. 

PERFORMANCE -

MD, MDH and MDR Series can be used on acids, alkahs and some solvents. 
MDF-50/65/80 series may be used for the following chemicals With the proper pump material selectIOn. 

AcetiC Acid 
Acetone 
Aluminum Chloride 
Bromine Water 
Carbon Dlsulphide 
Caustic Soda 
Chromic Acid 
Crude Petroleum 
Ethyl Alcohol 

Ferrous ChlOride 
Ferrous Sulphate 
Hydrochloric ACid 
Hydrogen PerOXide 
HydrolOdlc Acid 
Mixture ACid 

(SulphUriC and Nitric) 
Nickel Sulphate 
NitriC ACid 

Oxahc ACid 
PhosphOriC ACid 
PhotographIC Developer 
Photographic Fixative 
Plating SolutIOn (ChromIUm 

or Nickel) 
Sodium Cyamde (sat.) 
Sodium Hypochlorite (sat.) 
SulphUriC ACId 

AVAILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

LFE Corporation 
FlUIds Control DIVISIon 
100 Skiff Street 
Hamden, CT 06514 
U.S.A. 
Telephone (203) 281-8000 

OTHER DATA - None obtained. 

Reference: Manufacturer's Literature. 

Distributor: 

LFE Canada Limited 
2774 Slough Street 
Mlsslssauga, Ontario 
Canada 
L'+T IG3 
Telephone (1+16) 677-1103 
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PRODUCT LITTLE GIANT MAGNET-DRIVEN CHEMICAL PUMPS No. 106 

---------------------------------------
APPLICABILITY Gas LiqUid Solid 

Sol Fl Sk Sol Fl Sk 

DESCRIPTION - Magnetlc-dnven centnfugal pumps constructed from corrOSIOn-resistant matenals. 

IMPELLER 
MAGNET 

OUTLET 

DRIVE MAGNET 

INLET 

OPERATING PRINCIPLE - These centnfugal pumps have magnetic drives to separate the Impeller from the 
dnve mechamsm. 

PHYSICAL SPECIFICATIONS -

MD Senes (Non-submersible) 

Seal-less, magnetic dnve. 
Tltamum shaft and thrust washer (most models). 
Permanent ceramic (banum ferrite) magnet. 
Glass-filled polypropylene pumping head and Impeller With an uncoated ceramagnet "A"-type ceramic 
magnet. 
Buna-N static O-rmg. 
Inlet: 13 mm (0.5 In) or 16 mm (0.6 m) depending on model. 
Discharge: 13 mm (0.5 m) or 16 mm (0.6 In) dependmg on model. 

MD-SC Senes (Non-submersible) 

Leak-proof, seal-less magnetic dnve. 
99.5% pure alumma ceramic shaft and thrust washers. 
Glass-filled polypropylene pumpmg head and Impeller With encapsulated magnet. 
Buna-N O-rmg. 
Inlet: 13 mm (0.5 m), 19 mm (0.7 In) or 25 mm (I m), depending on model. 
Discharge: 25 mm (l m). 

MD-HC Senes (Non-submersible) 

Leak-proof, seal-less magnet dnve. 
99.5% pure alumina ceramic shaft and thrust washers. 
Carbon Impeller Bushmg - self lubncatlng, ImpervIOus to flUids. 
Glass-filled Ryton pumpmg head and Impeller With Ryton encapsulated magnet. 
Metal motor mountmg bracket (most models). 
"TE" Models have totally enclosed fan-cooled motors. 
Vlton O-ring. 



OPERATING SPECIFICA TlONS -

MD Senes 

FlUId Temperature: up to 65°C 
FlUId SpecIfic Gravity: up to 1.1 
Absolute Fluid VIscosity: 

up to 20 x 10-3 Pa.s 
Ambient Air Temperature: 

up to 25°C 
Operatmg Pressure: 

up to 345 kPa 

MD-HC Senes 

May be run dry up to 8 hours 
FlUId Temperature: up to 93°C 
FlUId Speclflc Gravity: up to 1.1 
Absolute FlUid VISCOSity: up to 20 x 10-3 Pa.s 
Ambient Air Temperature: up to 25°C 
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MD-SC Series 

FlUId Temperature: up to 65°C 
FlUId SpecifiC Gravity: up to 1.1 
Absolute FlUid VIscosity: 

up to 20 x 10-3 Pa.s 
Ambient Air Temperature: 

up to 25°C 
System Operating Pressure: 

up to 345 kPa 

STATUS OF DEVELOPMENT AND USAGE - Commonly used m photographic, pharmaceutical or plating 
mdustnes. 

PERFORMANCE - Use of the Little Giant magnet dnven chemical pumps m response to hazardous matenal 
spills has not been documented. A comprehensive chart ratmg the chemical effect of 490 chemicals on 31 
matenals used m the constructIOn of pumps, includmg 316 stamless steel, Hastelloy C, polypropylene and 
Neoprene, IS available from Little Giant. 

A V AILABILlTY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Little Giant Pump Company 
3810 North Tulsa St. 
Oklahoma City, OK 73112 
U.S.A. 
Telephone (405) 947-2511 
Telex 748-519 

OTHER DATA - No other mformation obtamed. 

Distnbutor: 

Ontor Limited 
Customer Services 
12 Leswyn Rd 
Toronto, Ontario 
Canada 
M6A lK3 
Telephone (416) 781-5286 
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PRODUCT LUTZ DRUM PUMPS 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

* * * 

DESCRIPTION - Drum pumps designed for transfer of corrosive chemicals. 

OPERATING PRINCIPLE - Electricity or air drives the Impellers of these centrifugal pumps. 

PHYSICAL SPECIFICATIONS - All components (motors, pump tubes) are Interchangeable. 

Motors 

ElectriC Air 

B-3 B-4 B-5 4 GT 4 AL 

Power (watts) 420 440 580 Air Pressure (kPa) 600 634 Air Pressure (kPa) 
Voltage (v) 110 110 110 Air Pressure (pSI) 87 92 Air Pressure (psI) 
Cycle (Hz) 50 60 60 rpm 7500 7500 
Weight (kg) 1.9 5.9 6.6 0.45 1.8 

Comments "Work Heavy Extra High 
-horse" Duty Heavy Volume 

Duty 

No. 107 

ElectriC motors B-4 and B-5 are equipped With thermal overload SWitches and mechanical resets. 
All motors listed here are claimed to be SUitable for hazardous duty. 
ElectriC motors equipped With 4.9 m (16 ft) Oil and aCid-reSistant cord. 

Pump Tubes 

Stainless Steel 

38 mm (1.5 In) diameter 
25 mm (I In) friction-fit hose connectIOn 
Teflon Impeller 



Hastelloy C: 

38 mm (1.5 In) diameter 
25 mm (I In) frictIOn-fit hose connection 
Teflon Impeller 
Mechamcal seal constructed of ceramic 
Teflon with a Teflon oil seal. 

Aluminum: 

38 mm (1.5 In) diameter 
25 mm (l In) frictIOn-fit hose connectlOn 
Teflon Impeller 
Mechamcal seal constructed of carbon 
ceramic with a Teflon Oil seal. 

SL Series Drum Pump 

Stainless steel or polypropylene. 
Mounted at bottom end of pump tube. 
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Polypropylene: 

38 mm (1.5 In) diameter 
25 mm (lin) friction-fit hose connectIOn 
Teflon Impeller 

Tube Lengths available for: 

Vats, Reactors: 119 cm (47 In) 
55 U.S. gal drums: 86 cm (34 10) 
Carboys: 68 cm (27 In) 

Patented Teflon sleeve protects pump shaft from corrosive materials. 

OPERA nNG SPECIFICA nONS -

MaXimum Kinematic 
VISCOSI ty (m 2/s X 106) 

\!\axlmum SpecifIC 
Gravity 

MaXimum Head m 
(ft) 

MaXimum Pump Lis 
Rate (U.S. GPM) 

ELECTRIC DRIVEN 

B-3 

150 

1.4 

7.9 
(26) 

1.9 
(30) 

B-4 

750 

1.5 

8.8 
(29) 

2.8 
(45) 

B-5 

750 

1.6 

11.6 
(38) 

3.2 
(50) 

AIR DRIVEN 

4 GT 

150 

1.4 

5.5 
(l8) 

1.3 
(20) 

4 AL 

315 

1.4 

8.8 
(29) 

2.8 
(45) 

SL 
Series 

750 

1.6 

14.6 
(48) 

1.5 
(24) 

STATUS OF DEVELOPMENT AND USAGE - Commercially available for transferring corrosive and other 
hazardous chelnlcals from drums, carboys, open tanks and small reactors. 

PERFORMANCE - Contact manufacturer for a list of chemicals compatible With the Lutz Drum pumps. 
Recogmzlng that stainless steel, Hastelloy C and polypropylenes are materials commonly used to construct 
corrOSIOn-resistant pumps and process equipment, Lutz Drum pumps appear to be sUitable for most 
hazardous materials. 

AV AIL ABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Lutz Pumps, Inc. 
472 Armour Circle NE 
Atlanta, GA 30324 
U.S.A. 
Telephone (404) 875-6686 

Distributor: 

John Vlssers Sales Corporation 
8481 Keele St., Umt 18 
Concord, Ontario 
Canada 
L4K IZ7 
Telephone (416) 738-1555 

OTHER DATA - Other Lutz Drum Pump accessories are available such as mixing tubes, stramers, and barrel 
adaptors (to hold pump stationary). 
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PRODUCT MARCH CHEMICAL PUMPS No. 108 

APPLICABILITY Gas Liquid SolId 
Sol FISk Sol FI Sk 

DESCRIPTION - Magnetic seal-less and conventIOnal drive pumps with components designed to withstand 
corrosive chemicals. 

OPERATING PRINCIPLE - Centrifugal pumps - see Entry No. 96. 

PHYSICAL SPECIFICATIONS -

Epoxy Clad Pumps (Submersible) 

19 Submersible Models 
Up to 1/8 hp 
Wetted materials In submersibles Include: 

polypropylene, DelrIn, Cycolac, Nylon, Noryl and Ceramic 
"0" nngs Include: Vlton, Buna N, SIlIcon and ethylene propylene 

Motor hOUSings are epoxy-coated. 

Pumps for Mildly Corrosive ApplIcations (Non-submersible) 

12 Models 
Up to 1/8 hp 
Wetted materials Include: 

polypropylene, nylon, Delnn, Noryl, Vlton, Buna N and ethylene propylene 

Chemical Pumps for Highly Corrosive ApplIcations 

6 Models 
Up to 7-1/2 hp 
Wetted materials Include: 

Ryton, polypropylene, stainless steel, Hastelloy "C", Chemloy, carbon and ceramic compositIOns 
"0" ring materials are Buna N, Teflon and Vlton 

Motors avaIlable In a variety of hOUSings including totally enclosed, drip-proof, explosIOn-proof and 
chemical duty. 



OPERATING SPECIFICATIONS -

Epoxy Clad Pumps (Submer5!bles) 

Flow Rate: up to 1.1 Lis (0.3 U.S. gal) 
Head: up to 9.8 m (32 ft) 

257 

Chemical Pumps for Mildly Corrosive ApplicatIOns (Non-submersible) 

Flow Rate: up to 1.1 Lis (0.3 U.S. gal) 
Head: up to 32 m (105 ft) 
SolutlOn Temperature: up to 88°C (190'P) 
Specific Gravity: up to 2.0 
Kmematlc VISCOSity: up to 87.6 m2/s (943 ft 2/s) 
Internal Pressure: up to 345 kPa 

Chemical Pumps for Highly Corrosive AppllcatlOns 

Flow Rate: up to 12.6 LIs 0.3 U.S. gal) 
Head: up to 38.4 m (126 ft) 
SolutlOn Temperature: up to + 260'C (500°F) 
Specific Gravity: up to 2.8 
KmematlC VIscosity: up to 132 m2/s (1420 ft2/s) 
Internal Pressure: up to 3447 kPa 

STATUS OF DEVELOPMENT AND USAGE - Commonly used for corrosive aCid or alkaline chemical transfer 
In the chemical processmg industries. 

PERFORMANCE - The manufacturer claims March chemical pumps, when constructed from appropriate 
materials, are compatible with the following chemicals: 

Acetic A.Cld 
Acetone 
Alum 
Aluminum 
Aluminum Chloride 
Aluminum Fluoride 
Aluminum Sulphate 
AmmOnia 
AmmOnium Chloride 
AmmOnium Fluoride 
AmmOnium HydroXide 
AmmOnium Nitrate 
AmmOnium Persulphate 
AmmOnium Sulphate 
AmmOnium Sulphide 
Amyl Alcohol 
Banum Chlonde 
BaTlum HydroXide 
Banum Sulphate 
Benzaldehyde 
Benzene 
Benzene Sulphonlc ACid 

Bone ACid 
Bnne 
Bromine Liquid 
Butane 
Butyl Acetate 
Butyl Alcohol 
Calcium ChlOride 
Calcium HydroXide 
Calcium Hypochlorite 
Calcium Nitrate 
CalCium Sulphate 
Carbon TetrachlOride 
Chlorine 
Chromic ACid 
Citric ACId 
Cyclohexane 
Detergents 
Diesel Fuel 
Dowtherm 
Ether 
Ethyl Alcohol 

Ethylene Glycol 
Fernc Chloride 
Fluobonc ACId 
Fluosdlclc ACid 
Formaldehyde 
FormiC ACid 
Preons 
Gasoline 
HydrochloriC ACid 
Hydrofluoric ACid 
Hydrogen PerOXide 
Kerosene 
Ketones 
Methyl Alcohol 
Methyl Ethyl Ketone 
Methylene Chlonde 
:<.1lneralOd 
Naphthalene 
Nltnc ACid 
Nitrobenzene 
Ods 
Oleum 

A V AIL ABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

March ManufactUring, Inc. 
1819 PickWick Ave. 
Glenvlew,IL 60025 
U.S.A. 
Telephone (312) 729-5300 

SMS Limited 

30 15 Kennedy Road 
Agmcourt,Ontano 
Canada 
MIV IE7 
Telephone (416) 291-9648 

OTHER DATA - No other lllformatlOn obtained. 

Reference: Manufacturer's Literature. 

Perchloroethylene 
Phenol 
Phosphoric ACid 
Plating SolutIOns 
Potassium HydroXide 
Propyl Alcohol 
Propylene Glycol 
Siheone 011 
Hexane 
Hydrobromic ACid 
Sodium Chloride 
SodIUm Hypochlonte 
SodIUm HydroXide 
Sulphamlc ACId 
Sulphunc ACid 
Toluene 
Tnchloroethylene 
Turpentine 
Water, deIOnized 
Xylene 

Dlstnbutor: 

Miller Plastics 
19 Advance Road 
Toronto, Ontano 
Canada 
M8Z 2S6 
Telephone (413) 233-1143 
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PRODUCT MARCO UIOI CAPSULPUMP No. 109 

APPLICABILITY Gas LiqUid Soltd 
Sol FISk Sol FISk 

* * * -------------
DESCRIPTION - A compact, submersible, centrifugal, high volume transfer pump. 

OPERATING PRINCIPLE - Centrifugal pump hydrauhcaUy dnven by a portable power umt. 

PHYSICAL SPECIFICATIONS -

Pump dimenSIOns: ApprOXimately 460 mm (18 In) high by 356 mm (14 In) dla.; 578 mm (23 In) long with the 
discharge port. 
5uctIOn and discharge ports: 102 mm (4 In) dla. 
Hydraultc flUid supply and return ports: 19 mm (0.7 In) 
Dry weight: 36.4 kg (80 Ib) 
Aluminum casing (bronze available on special order) 
Carbon steel hOUSing for hydraultc motor 
Carbon steel or bronze Impeller 

OPERA TING SPECIFICATIONS -

Submersible: drop directly Into hquld. 
Can run dry without harm to pump. 
Can pass materials up to 102 mm (4 In) dla. 
Can be cleaned without disassembly. 

Capacity 
Lis (U.S. GPM) 

25.2 (400) 
54.2 (860) 

For a discharge head of 12.2 m (40 ft): 

Hydraultc Input ReqUirements 

Oil Flow 
Lis (U.S. GPM) 

1.1 (18) 
1.3 (23) 

Pressure 
kPa (pst) 

7 860 (1 140) 
12411(1800) 

Power 
fueL 
14 
28.4 

STATUS OF DEVELOPMENT AND USAGE - The Marco U 101 Capsulpump was deSigned for apphcatlOns such 
as fish transfer, petrochemical off-loading, agricultural IrrigatIOn and tatllngs removal, constructIOn site 
and sump hole dewatering, oll spill recovery, and ship salvage. 
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PERFORMANCE - Use of the Marco UIOI Capsulpump for hazardous chemical spills (acids, bases, solvents) 
has not been documented. The user must mvestlgate the compatibillty of aluminum and steel and the hose 
matenal with the hazardous matenals which are anticipated to contact the pump. 

A V AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Manne ConstructIOn & Design Co. 
2300 West Commodore Way 
Seattle, WA 98199 
U.S.A. 
Telephone (206) 285-3200 
Telex: 32-0098 
Cable: MARCO 

OTHER DATA - None obtamed. 

Dlstnbutor: 

Gourock Industries 
21+ Akerley Blvd. 
Dartmouth, N.S. 
B3B IJ3 
Telephone (902) 1+65-7599 
Telex: 311+21+ 
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PRODUCT MEGATOR SLIDING-SHOE PUMPS No. 110 

APPLICABILITY Gas LiqUid Solid 
Sol FI Sk Sol FI Sk 

* * * 

DESCRIPTION - A positive displacement "sliding shoe" pump capable of passing particulate and solids up to 
/j..8 mm (3/16 In) In diameter. 

OPERATING PRINCIPLE - The pumping mechanism IS comprised of three or more "shoes", or plastic 
displacement chambers, each of which IS reciprocated vertically by an eccentnc rotor disc inside. Parts In 

the face of each shoe register alternately with the suction and discharge ports In the port plate, thus 
inducing a pumping action. (Sliding-shoe pumps are protected by Megator patents In the U.S.A. and 
elsewhere.) 

PHYSICAL SPECIFICATIONS -

MaXimum Total Pump 
Suction .:....::.;~------------

Capaci ty Head Lift Motor Length 
Model LIs (U.S. gal) m (ft) m (ft) (hp) rpm mm (In) 

Width Height 
mm (In) mm (In) 

L 75 
L100 
L125 
L150 
L200 
L300 
L/j.OO 

H 75 

HIOO 

HI25 

HI50 

H200 

H300 

H/j.OO 

0./j.1 (O.ll) 
0.82 (0.22) 
I. I (0.30) 
2.3 (0.60) 
3.8 (I) 
8.2 (2.2) 

16.4 (/j.) 

0./j.7 (0.12) 

0.95 (0.25) 

1.1 (0.30) 

2.5 (0.66) 

3./j. (0.90) 

5.7 (1.5) 

II. 3 (3) 

30.5 (100) 7.0 (23) 
30.5 (100) 7.0 (23) 
30.5 (100) 7.0 (23) 
30.5 (100) 7.0 (23) 
30.5 (100) 7.0 (23) 
30.5 (100) 6.1 (20) 
30.5 (100) 6.1 (20) 

61.0 (200) 7.0 (23) 
69.4 (228) I 
45.7 (150) 7.0 (23) 
69./j. (228) 1.5 
54.9 (180) 7.0 (23) 
69./j. (228) 3 
45.7 (150) 7.0 (23) 
69./j. (228) 5 
61.0 (200) 6./j. (21) 
69./j. (228) 7.5 
54.9 (180) 6.4 (21) 
69.4 (228) 10 
54.9 (180)6.4 (21) 
69.4 (228) 20 

0.75 1730 6/j.8 (25.5) 
0.75 1730 730 (28) 
I 1150 770 (30) 
3 1150 885 (35) 
5 1150 10/j.5 (41) 
7.5 865 1380 (5/j.) 

15 865 1710 (67) 

0.75 1730 720 (28) 

2 

3 

5 

1730 778 (30) 

1150 915 (36) 

1150 10/j.5 (41) 

865 1090 (/j.3) 

203 (8) 
267 (10.5) 
305 (12) 
305 (12) 
356 (14) 
420 (16.5) 
470 (18.5) 

267 (10.5) 

293 (11.5) 
363 (14) 
425 (16) 
495(19) 
590 (23) 
780 (30.7) 
815 (32) 

293 (11.5) 

305 (12) 363 (14) 

305 (12) 425 (16) 

356 (14) 508 (20) 

407 (16) 590 (23) 

7.5 865 1360 (53.5) 457(18) 780(30.7) 

15 865 1760 (69) 470 (18.5) 815 (32) 
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These speCifications refer to direct-coupled pumps with electnc motors (mounted on a base plate) pumpmg 
clear water. Belt-driven and close-coupled belt-dnven are also available. Compressed air and hydraullc 
motors and gasolme engmes are also applicable. Stationary, skid-mounted and fully mobtle configuratIOns 
have been developed. 

Materials of ConstructIOn: 

Shoes: PlastiC with synthetic rubber lmmg. 
Casmg: Cast Iron or bronze 
Port Plate: PrecIpitatIOn hardened stamless steel. 
Rotor: Nltralloy or precIpitatIOn hardened stamless steel. 
Shaft Seals: Carbon face rmg and bronze seat (Tungsten carbide face rmgs and seats are available as an 
option for abrasl ve liquids). 
Rehef valve must be fitted to pump by owner. 
Optional Oil-Immersed thermostatically-controlled electnc heater avatlable for cold weather operatIOn. 

OPERATING SPECIFICATIONS -

Self-prtmmg 
Can run safely for short pertods of time with completely dry suction. 
Operatmg Temperature: up to 38°C (lOO°F) 
Capacities (see PHYSICAL SPECIFICATIONS) 
Can pass sol1d particles up to 4.8 mm (3/16 m) diameter. 

STATUS OF DEVELOPMENT AND USAGE - OrIgmally deSigned for JTIJne dewatermg, the slldmg-shoe pump IS 
also used m the food mdustry and m marIne environments. 

PERFORMANCE - Megator claims the followmg chemicals can be transferred by the slIdIng-shoe pump: 

Alcohol 
A.cetlc A.cld (up to 50%) 
AmmOnium ChlorIde 
AmmonIUm Nitrate (10%) 
Ammonium Sulphate (10%) 
AnIlme 
Beer 
BenZOIC ACid 
BOriC ACid (5%) 
Brine 
CalcIUm Blsulphlde 
CalcIUm Chlonde 
Calcium Nitrate 
Castor 011 
Kerosene 
LactiC ACid (Dilute) 
LInseed 011 
MagneSIUm Sulphate 
Methanol 
Methylated SPIrIt 
Molasses 
Mustard 
011, Cuttmg 
OIl, Diesel 
OIl, InsulatIng 
OIl, Lubrtcatmg 
OIl, OlIve, Palm, Pme 
011, Quenchmg 
OIl, Sperm 
Oil, Tractor 
Oleic ACid 

Caustic Potash 
(Potassium HydrOXide) 

Caustic ~oda 
(SodIUm HydrOXide) 

Chocolate 
Cider 
CitriC ACid 
Copper Sulphate 
CyanIde solutIOns 
Dextnne 
Epsom Salts 

(MagneSIUm Sulphate) 
Ethylene Glycol 
Fernc Sulphate 
Paraffm 
PectIn 
Pentane 
Pickle (BrIne) 
Platmg Solutions 
PolYVInyl Acetate 
EmulSIOn (PV A) 
Potash (Potassium ChlOride) 
Potassium Cyamde 
Potassium HydrOXide 
Potassium Nitrate 
PotassIUm Sulphate 
Pnnter's Ink 
Sea Water 
Soda Ash 

(SodIUm Carbonate) 
Sodium Bicarbonate 

Ferrous Sulphate 
Formaldehyde 
Freon 
FrUit JUICes 
Furfural 
GelatIne 
Glauber'S Salt 

(SodIUm Sulphate) 
GlycerIne 
Gum 
Heptane 
Hydraulic OIls 
Hydrogen Sulphide 
Ink 
SodIUm Chlonde 
SodIUm CyanIde 
Sodium HydrOXide 
SodIUm Nitrate 
SodIUm SIlIcate 
SodIUm Sulphate 
SodIUm Sulphide 
Starch 
Sugar Syrup 
TannIng Liquors 
Turpentme 
Whey 
Whiskey 
White Spmt 
Wme 
Wort 
Yeast 
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The following chemicals are not compatible with the Megator sliding-shoe pump: 

Acetone 
Alum (Aluminum Sulphate) 
Benzaldehyde 
Benzine 
Bromine Water 
Bromobenzene 
Butyl Acetate 
Butyl Alcohol 
Calcium Hypochlorite 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Chromic ACid 
Cresyhc Acid 
Curde Oil Sohd Sludge 
Ethyl Acetate 
Ethyl Mercaptan 
Ethylene Chloride 
Fernc Chlonde 
Ferrous Chloride 
Formic ACid 
Furan 
Gasoline 

Hexaldehyde 
HydrochlOriC ACid 
Hydrofluoric ACId 
Hydrofluoslhclc ACid 
Iodine 
Latex 
Lead Acetate (Sugar of Lead) 
Lead OXide 
Milk 
Nltnc ACid 
Oxahc ACid 
Petrol 
Phenol (Carbolic ACid) 
Phosphoric Acid 
PotasslUm Dichromate 
Resin SlZe (e.g., Bewold) 
Sodium Hypochlorite 
Tar 
Toluene 
Trichloroethylene 
Xylene 
ZinC Chloride 

The Megator Ll50 was Identified as a good pump for 011 spill cleanup because of Its suctIOn hft, cold 
tolerance, and ease of mamtenance and handlmg. 

AV AILABILITY AND COMMERCIAL INFORM A nON -

Manufacturer: 

Megator Corporation 
562 Alpha Dr. 
Pittsburgh, PA 15238 
U.S.A. 
Telephone (412) 963-9200 
Contact: Mr. L.F. Beatty 

Dlstnbutor: 

M.S.E. Engineering Systems, Ltd. 
265 Canartlc Dn ve 
Downsvlew, Ontano 
Canada 
M3J 2N7 
Telephone (416) 661-5646 

OTHER DATA - Megator also manufactures the "Dolphm" floating suction strainer which prevents suctIOn 
hoses from drawmg sediment from the bottom of a baSin, nver or tank. The company also markets 011 spill 
skimmers of their own deSign which operate In conjunction with the sliding shoe pump and which may have 
application to some hazardous matenals (see Entry No. 36). 

References: Manufacturer's Literature. 

Solsberg, L.B. and W.F. Purves, "Pumps for Oil Spill Cleanup", EPS Report EPS 4-EC-78-3, 
Environment Canada (I 978). 
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PRODUCT MOYNO PROGRESSING CAVITY PUMPS No. III 

--------------------
APPLICABILITY Gas LiqUid Solid 

Sol FI Sk 501 FISk 

* * * 

DESCRIPTION - Vanous models of progressmg cavity process pumps. 

OPERATING PRINCIPLE - A screw-shaped rotor rotates mSlde a cylmder. As It rotates, flUid moves through 
the length of the cylmder by progressmg cavities formed between the rotor and walls of the cylmder 
(s tat or ). 

PHYSICAL SPECIFICATIONS - Three models of process pumps are avadable: 

Number of Models 
Avadable 

Length mm 
(m) 

Height mm 
(m) 

Weight kg 
(Ib) 

Motor (hp) 

Materials of 
ConstructIOn 

Centennial Industnal 

40 Many 

1083 to 3216 444 to 1798 
(425/8 to 1265/8) (17 1/2 to 7013/16) 

292 to 597 149 to 356 
(II 1/2 to 231/2) (5 7/3 to 14) 

145to 1227 10to 169 
(320 to 2700) (22 to 372) 

1/'+ to 250 l/6to 15 

Stator: Special elastomers and 
natural rubber 

Rotor: Steel, chrome-plated 
(optIOn: stamless steel, 
speCial requests) 

Dnve Shaft: Steel, chromIUm-plated 

Options available for Centennial and Industnal pumps: 
"Open Throat" hopper for easier feedmg (8 sizes available) 
"Bndge Breaker" for breakmg semi-dry matenal (8 models) 

QUick 
Disassembly 

30 

775 to 1697 
(30 1/2 to 66 13/16) 

19'+ to 400 
(7 5/8 to 15 3/4) 

22.7 to 250 
(50 to 550) 

1/4 to 15 

Stamless steel, 
Teflon, Vlton, 
natural rubber, 
EPDM, Buna-N 

Stamless steel 

N/A 



OPERATING SPECIFICA nONS -

Centennial 

CapaCIties LIs 0.31 to 63 
(U.S. GPM)(5 to 1000) 

Pressures kPa 
(pSI) 

up to 3100 
(450) 
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Industrial 

up to 28.4 
(450) 

up to 6200 
(900) 

QUIck 
DIsassembly 

up to 18.9 
(300) 

N/A 

QUIck DIsassembly Pumps will process partIcles up to 25 mm (J m.) m dIameter and temperatures up to 
149°C (300°F). 

STATUS OF DEVELOPMENT AND USAGE - Progressing cavity pumps are used to transfer slurries and VISCOUS 
flUIds In chemIcal processing and waste treatment. 

PERFORMANCE - The follOWing chemicals have been transferred by Moyno pumps: 

AcetIC ACid 
Acetone 
Benzene 
CalcIUm HypochlOrite 
Carbon Dlsulphlde 
Carbon TetrachlOride 
Cellulose Acetate 
ChromIC ACId 
Copper Sulphate 
Ethyl Alcohol 
FerriC ChlOride 
Furfural 
Glycerine 
HydrochlOriC ACid 

Hydrofluosillclc ACid 
Hydrogen PerOJ(Jde 
Hydrogen SulphIde 
Methanol 
Methyl Chlonde 
Nltnc Acid 
PhosphOriC ACid 
PotassIUm Carbonate 
PotassIUm HydrOXide 
SodIUm HydrOXide 
SodIUm Nitrate 
Toluene 
ZinC ChlOride 

Progressive cavity pumps have a lLmlted tolerance for solLd particles - damaging the stator causes loss of 
Its close tolerance With the rotor (whIch IS cntlcal for efficient pump operation). Tests uSing the Moyno 
III OH showed It could pass l. 9 cm (0.7 In) lengths of wooden dowel and crushed Ice chunks for short 
periods of tllne. 

STATUS OF DEVELOPMENT AND USAGE-

Manufacturer: 

RobbinS & Myers, Inc. 
FlUIds Handhng Dlv. (Moyno Pumps) 
1934 Clark Blvd. 
Springfleld,OH 45501 
U.S.A. 
Telephone (513) 327-3553 

OTHER DATA - None obtained. 

Dlstr Ibutor: 

RobbinS & Myers Company of Canada Ltd. 
Moyno Pump Dlv. 
P.O. Box 280 
Brantford, Ontario 
Canada 
N3T 5N6 
Telephone (519) 752-5447 

References: Manufacturer'S LIterature; EnVironment Canada, "EvaluatIon of Pumps and Separators for ArctiC 
Oil Spill Cleanup", by Western HydraulLc LaboratOries Ltd., B.C. EPS 4-EC-79-3 (April, 1979). 
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PRODUCT MUL TIQUIP QP STAINLESS STEEL PUMPS No. 112 

APPLICABILITY Gas Liquid Soltd 
Sol Fl Sk Sol FISk 

-- ------------------- -------
* * * 

DESCRIPTION - Medium capacity, stamless steel centrifugal pumps. 

Reference: MultlqUlp Inc. Bulletm SSP-800. 

OPERATING PRINCIPLE - These centrifugal pumps are powered by gasoltne or diesel engmes or electric 
Inotors. 

PHYSICAL SPECIFICA TlONS -

SuctIOn x 
Discharge 
Size Weight 

T:r:ee Model em (m) Engme/Motor he kg (Ib) 

Self-Prlmmg QP-SS20 5 x 5 (2 x 2) WISC. Robm EY-18-3W 4.6 56 (I 23) 
Centrifugal Pumps QP-SS20D 5 x 5 (2 x 2) B&S Farymann 7.1 101 (222) 
- Engme Driven QP-SS30 7.6 x 7.6 (3 x 3) WISC. Robm EY-18-3W 4.6 58 (127) 

QP-SS30D 7.6 x 7.6 (3 x 3) B&S Farymann 7.1 103 (226) 

Self-Prlmmg QP-SS20M 5 x 5 (2 x 2) 2HP (l.5kW) 220/440 V 2.0 52 (114) 
Centrifugal Pumps 3 r/J 60 Hz TEFC 
- Electric Motor QP-SS30M 7.6 x 7.6 (3 x 3) 3HP (2.2 kW) 220/440 V 3.0 61 (134) 

Dnven 3 r/J 60 Hz TEFC 

Self-Prlmmg QP-SS20P 5 x 5 (2 x 2) ReqUires 2 hp @ 3450 rpm 31 (68) 
Centrifugal Pumps QP-SS30P 7.6 x 7.6 (3 x 3) ReqUires 3 hp @ 3450 rpm 31 (68) 
- Pedestal Mounted 

Self-Prlmmg Trash QP-SS20T 5 x 5 (2 x 2) WISC. Robin EY-18-3W 4.6 57 (125) 
& Sewage Pumps QP-SS20TD 5 x 5 (2 x 2) B&S Farymann 7.1 102 (225) 
- Engme On ven QP-SS31 T 7.6 x 7.6 (3 x 3) WISC. Robm EY-18-3W 4.6 58 (127) 

Self- Prlmmg Trash QP-SS20TM 5 x 5 (2 x 2) 3HP (2.2 kW) 220/440 V 3.0 64 (141) 
& Sewage Pumps 3 r/J 60 Hz TEFC 
- Electnc Motor QP-SS31 TM 7.6 x 7.6 (3 x 3) 3HP (2.2 kW) 220/440 V 3.0 76 (167) 

Driven 3 r/J 60 Hz TEFC 

Self-Prlmmg Trash QP-SS20TP 5 x 5 (2 x 2) ReqUires 3 hp @ 3450 rpm 33 (72) 
& Sewage Pumps QP-SS31 TP 7.6 x 7.6 (3 x 3) ReqUires 3 hp @ 3450 rpm 34 (75) 
- Pedestal Mounted 
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OPERATING SPECIFICA nONS -

Model Pump Capacity (at minimum head) 

All 51 mm (2 in) 
All 76 mm 0 in) 

approx 11.0 LIs (175 U.S. GPM) 
approx 18.9 LIs 000 U.S. GPM) 

Self-pnming 
Fast repairs (access to pump housing by turning five knobs) 
Suspended Particle Tolerance: 
Self-pnming centnfugals - up to one quarter of the diameter of the suctlOn line. 
Trash or Sewage Pumps - up to one half the diameter of the suctlOn line. 

STATUS OF DEVELOPMENT AND USAGE - Commercially avatlable for manne, petrochemical, agrocheml­
cal, and chemical process apphcatl0ns. 

PERFORMANCE - MultlqUlp claIms the QP Stamless Steel Pumps may be used for a vanety of materials 
mcludmg: 

petroleum distillates of low to mediUm vIscosity 
alkahs to a pH value of 13.5 (chlormes, vmyl chlondes) 
aCids to a pH value of 3.0 (munatic, acetic, ascorbic) 
ammomum and potassiUm-based fertlhzers 
naphtha and ethylene-based msectlcldes and herbicides 
fresh or salt water containing particulates up to 3.8 mm (1.5) dla. 
abrasive-laden cutting, dnlhng and coohng compounds 
ammomas, glycols and benzoates 
JUices, syrups, saps and liquors 

AV AILABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

MultlqUlp Inc. 
19600 Wtlmington Ave. 
Carson, CA 90746 
U.S.A. 
Telephone (213) 537-3700 
Telex 691574 

Matlmg Address: P.O. Box 6254 
Carson, CA 90749 
U.S.A. 

OTHER DATA - None obtamed. 

Dlstnbutor: 

POlyqulP Inc. 
4420 Pomer Blvd. 
St. Laurent, Quebec 
Canada 
H4R 2C5 
Telephone (514) 334-6855 
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PRODUCT SERFILCO CENTRIFUGAL CHEMICAL PUMPS 

APPLICABILITY Gas Liquid 
Sol FI 

* * 

Soltd 
Sk Sol FI 

* 

No. 113 

Sk 

DESCRIPTION - Centrifugal pumps In vanous configurations constructed of chemical-resistant matenals. 

OPERA TING PRINCIPLE - All pumps operate on the centnfugal pnnClple. See Entry No. 96. 

PHYSICAL SPECIFICATIONS -

Sump Pumps: 

"Senes A or B" 
Casing of CPVC 
Ceramic Liner 
Rulon or Graphite Ring 
Ethylene Propylene "0" Rmg 
Discharge: 19 to 51 mm (0.7 to 2 In) 
Motors: 1/2 to 15 hp 

"Senes HB" 
SuctIOn Casmg of CPVC 
Rulon Bearing 
Fluortde-reslstant Ceramic Sleeve 
Enclosed Impeller 
Suction: 51 mm (2 m) 
Discharge: 38 mm 0.5 In) 
Motors: 1 to 7 1/2 hp 

"Senes E" 
CPVC Shaft Casmg 
Ethylene Propylene or Vlton "0" Ring 
SuctIOn: 19 to 51 mm (0;7 to 2 m) 
Discharge: 10 to 32 mm (0.4 to 1.3 In) 
Motors: 1/2 to 12 hp 

HOrizontal Pumps: 

"Senes HE" 
Pump Sleeve and Casing are CPVC 
"0" Ring and Mechamcal Seal are avatlable In EPR/carbon/ceramlc, Vlton/carbon/ceramLc, and 
Vlton/carbon/SF ceramic 
SuctIOn: 51 mm (2 In) 
Discharge: 38 mm (1.5 In) 

Motors: 1 1/2 to 7 1/2 hp 

Kynar Chemical Pumps 

Kynar ConstructIOn 
Vlton Bellows 
Suction: 38 mm (1.5 In) 
Discharge: 38 mm (1.5 In) 
Motors: 3/4 to 3 hp 

Self-Priming Pumps 

All major pumps parts are 30% glass-filled PBT polyester. 
Vlton and 316 stainless steel mechamcal seal. 
SuctIOn: 38 mm (1.5 m) 
Discharge: 38 mm (1.5 m) 
Motors: 1/2 to 3 hp 



Roll-Flex Pumps 

No shaft or seal 
Self-prlmmg 
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Wetted parts are CPVC and vmyl tubmg 
SuctlOn/Dlscharge: 5 mm or 13 mm (0.20 to 0.5 m) 
Motors: 1/15 or lilt hp 

Flexible Impeller Pumps 

Bakehte or Epoxy 
Neoprene Impeller 
Lip type or external carbon/ceramic mechanical seal 
316 stamless or corrosion-resistant steel shaft 
Suction/Discharge: 16 to 25 mm (0.63 to 1 m) 
Motors: 1/3 to 1 hp 

Also avatlable with Vlton Impellers and titanium or Hastelloy B pump shafts. 

Magnetic Coupled Pumps 

"Series A" 
Available m CPVC, polypropylene or Tefzel With polypropylene encapsulated magnet and ethylene 
propylene "0" ring. 
SuctlOn/Dlscharge: 16 mm (0.6 m) 
Motor: 1/12 hp 

"Series B" 
Available m polypropylene or CPVC With polypropylene encapsulated magnet and ethylene 
polypropylene "0" ring; Teflon With Teflon encapsulated magnet and Vmton "0" rmg; Tefzel With 
Tefzel encapsulated magnet and ethylene propylene "0" nng. 
SuctlOn/Dlscharge: 19 mm (0.7 m) 
Motors: 1/6 or 1/2 hp 

"Series T" 
Two pumps on opposite ends of a double shaft 
Available m CPVC or polypropylene, With polypropylene encapsulated magnet and ethylene 
propylene "0" nng. 
SuctlOn/Dlscharge: 13 to 19 mm (0.5 to 0.7 m) 
Motors: lilt or 1/2 hp 

"Series AS" 
SubmerSible With self-contained motor 
Polypropylene With polypropylene encapsulated magnet and ethylene propylene "0" ring. 
SuctlOn/Dlscharge: 16 mm (0.6 m) 
Motors: 1/15 hp 

"Series D" 
Available in G/F PP (Glass-Filled Polypropylene) With Ryton bushmg and G/F PP Imer; G/F PP or 
Ryton with Ryton bushmg and Imer; 316 stamless steel With Ryton bushmg and 316 SS Imer. 
SuctlOn/Discharge from 25 X 13 mm to 38 x 25 mm 
(I x 0.5 in to 1.5 x 1 In) 
Motors: l/lt to 3/lt hp 

Drum Pump 

Available m 316 stamless steel With ceramic and Teflon seal; polypropylene with Hastelloy C shaft, and 
ceramic and graphite seal; alummum With ceramic and Teflon seal. 
Impeller is Tefzel 
Discharge: 25 mm (I m) 
Motor: 1/2 hp 
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OPERATING SPECIFICATIONS - The following chemicals may be transferred USing Serfllco chemical pumps: 

Acetaldehyde 
Acetic .l\cld 
Acetic Anhydride 
Acetone 
Aluminum Chloride 
Ammonium Chloride 
Ammonium Hydroxide 
Ammonium Nitrate 
Amyl Acetate 
Anllme 
Benzene 
BenzoIc ACId 
Butyl Alcohol 
Butylamme 
Cadmium Cyanide 
Calcium HypochlOrite 
Carbon Tetrachloride 
Chloroben zene 

Chloroform 
Chlorosulphonlc ACid 
ChromiC ACid 
Copper ChlOride 
Copper Sulphate 
Cresol 
Cyclohexane 
Ethyl Acetate 
Ethyl Alcohol 
Ethylene DichlOride 
Ethylene Glycol 
Ferric ChlOride 
Formaldehyde 
Furfural 
Glycerine 
Hexane 
Hydrochloric ACid 
Hydrofluoric ACid 

Hydrogen PerOXide 
Lead Acetate 
Methyl ChlOride 
Methyl Ethyl Ketone 
Nitric ACid 
Phenol 
Phosphoric ACid 
Potassium Carbonate 
Potassium Cyanide 
Potassium Dichromate 
PotassIUm HydrOXide 
SodIUm HypochlOrite 
Sodium Nitrate 
SulphUriC ACid 
Toluene 
Trichloroethylene 
Xylene 
Zmc ChlOride 

STATUS OF DEVELOPMENT AND USAGE - Commercially available for use m the chemical processmg 
mdustrles. 

PERFORMANCE - The use of Serfllco chemical pumps m response to hazardous material splils has not been 
documented. 

A V AIL ABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Serfllco 
1234- Depot Street 
Glenvlew,IL 60025 
U.S.A. 
Telephone (312) 998-9300 

OTHER DATA - None obtamed. 

Reference: Manufacturer's Literature. 

Dlstnbutor: 

John Vlssers Sales Corporation 
84-81 Keel St., Unit 18 
Concord, Ontario 
Canada 
L4-K 127 
Telephone (4-16) 738-1555 
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PROOUCT SPATE INDUCED FLOW PUMP No. 114 

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol Fl Sk 

DESCRIPTION - A portable wheel-mounted reCiprocating construction pump. 

OPERATING PRINCIPLE - An oscillating rubber Impeller drives the liqUid to be transferred on the forward 
stroke and bends to allow the flUid to continue flowing on the return stroke. ThiS inertial flow during the 
return stroke produces flow up to two and a half times the actual swept volume of the pump cylinders. 

PHYSICAL SPECIFICATIONS -

DimenSIOns and Weight 

AAl Diesel ElectriC Pump Unit 
Rope Starting 380/4-4-0v 3phase Only 

Length* 32" (82 cm) 32" (82 cm) 13 1/2" (34-.5 cm) 
Height 24-" (61 cm) 24-" (61 cm) 13 1/2" (34-.5 cm) 
Width 24-" (61 cm) 24-" (61 cm) 20 1/4-" (51.5 cm) 
Weight 193 Ib (88 kg) 14-9 Ib (68 kg) 54- Ib (25 kg) 

* Add 1" (2.5 cm) for Handle-starting 

Materials of ConstructIOn 

Casing: sea water resistant die cast aluminum/silicon alloy 
Seals and Valves: synthetic or natural rubber 
"0" Ring: Vlton rubber 

Motors - Direct-coupled Petter AAl diesel or T.E.F.C. electriC. 

Fittings - 76 mm (3 In) friction-fit hose nipples. 
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OPERATING SPECIFICATIONS -

Site Performance Figures 

Maximum Pump Output 
Maximum Combmed Head 
Maximum Discharge Head 
Maximum SuctIOn Lift 
Maximum Self-pnmmg Lift 
Air Pressure delivery 
Air Pumpmg capacity 

Typical Output: 

8.8 L/s (140 U.S. gpm) 
39.6 m (130 ft) 
30.5 m (100 tt) 
9.1 m (30 ft) 
8.8 m (29 ft) 
482 kPa (70 pSI) 
3.8 Lis (8 cfm) 

L/s 
5.5 
3.0 

Lift m (ft) 
2 (6.5) 
8 (26) 

Discharge Head m (ft) 
8 (26) 
2 (6.5) 

STATUS OF DEVELOPMENT AND USAGE - The SPATE IS commercially available for constructIOn, mdustrlal 
and manne apphcatlOns, such as dewatermg excavations, high pressure washmg, and oil spill cleanup. The 
pump IS also capable of moderate air compressIOn for inflating tires, rubber boats, etc. 

PERFORMANCE - The SPATE pump has been used by the Canadian Coast Guard for od spill cleanup. 

A 1978 EPS report found the SPATE to be "well sUited for high VISCOSity and high suction Itft (011) cleanup 
applicatIOns". 

The compatibility of the SPATE pump With hazardous matertals IS limited by the chemical resistance of the 
alummum casing and rubber valves. It IS deSigned to pnmanly handle sea water, fresh water, otis and 
oil/water mixtures. 

AVAILABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

William R. Selwood Ltd. 
Chandler's Ford, Eastlelgh 
Hants S05 3ZL 
U.K. 
Telephone 0421-5-2981 
Telex 47683 

Distributor: 

Peacock Inc. 
1158 Aerowood Dr. 
Mlsslssauga, Ontario 
Canada 
L4W lY5 
Telephone (416) 625-7100 

Other offices In Calgary, Edmonton and Vancouver. 

OTHER DATA - A Tire Inflator Kit IS available for conversIOn of the SPATE to a compressor (max. 482 kPa 
(70 pst). 



272 

PRODU<;J THUNE-EUREKA PORTABLE SUBMERSIBLE PUMPS No. 115 
~~ 

-::.----------------------------------------------------------------
APPLICABILITY Gas Liquid Soltd 

Sol FI Sk Sol FI Sk 

*' *' *' 

DESCRIPTIoN - A self-contamed, portable, high capacity pump system consisting of a pump and power pack. 

OPERATING PRINCIPLE - The pump IS a single-stage centrifugal type coupled with a high pressure hydraultc 
aXial piston motor powered by an external power pack. 

PHYSICAL SPECIFICATIONS -

Diameter mm (m) 
Height mrn (In) 
Weight kg (lb) 

Pumps 
CCN 100 

270 (10.6) 
600 (23.6) 

60 (t 32) 

CCN 150 

305 (I 2) 
830 (32.6) 
11 0 (21j.2.5) 

Pump casing manufactured from nickel, aluminum, bronze or stamless steel. 
Two skid-mounted, diesel engme hydraultc power packs are avatlable (50 and 100 kW). 

OPERATING SPECIFICATIONS -

Head m (ft) 

20 (65.6) 
1j.0(I3l) 
60 (I97) 
80 (262) 

Capacity (water) Lis) 
CCN 100 CCN 150 

65 
60 
1j.7 
28 

167 
11j.0 
90 
55 

STATUS OF DEVELOPMENT AND USAGE - Marketed as a portable unloadmg system for emergency or 
auxtllary pumpmg of ltqulds (water, VISCOUS oils) from cargo tanks. 

PERFORMANCE - The CCN 150 was tested by the U.S.- Coast Guard for use with the ADAPTS or NAVSEA 
Off-Loading systems. The \tqulds pumped were fresh water and No. Ij. Fuel Oil. It was concluded that the 
pump performed well With the NAVSEA system. 
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AVAILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Thune-Eureka A/S 
P.O. Box 38 
N-3401 Ller 
Norway 
Internatlonal Phone (47) (3) 850400 
Telex 18608 THUNE N 

OTHER DATA - None obtamed. 

North American Representatlve: 

Marine PollutlOn Control 
8631 West Jefferson 
Detrolt, MI 48209 
U.S.A. 
Telephone (313) 849-2333 

Reference: Rosenberg, S.J. and R.F. Christensen, Hazardous Chemlcal Pump Tests, U.S. Coast Guard (July, 
1980). 
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------------- -----
PRODUCT U.S. COAST GUARD ADAPTS PUMPING SYSTEM No. 116 

APPLICABILITY Gas LiqUId Soltd 
Sol Fl Sk Sol Fl Sk 

* 

DESCRIPTION - A portable high capacity off-loading system for disabled ocean vessels consisting of a dlesel­
hydraultc power Unit ("prime mover") and submersible pumps. 

MAIN 
HYDRAULIC 
PUMP Q~~at-

U"": 
PRIME MOVER 
ENCLOSURE CASE 

EXHAUST PIPE 

SPARK ARRESTER 

WIRE ROPE SLING 

HYDRAULIC V 
SUPPLY AND RETURN HOSES~/1, 

OUTLET 
++ 

SUBMERSIBLE PUMP ~ ___ _ 

HYDRAULIC 
VANE MOTOR 

OPERATING PRINCIPLE - The power Unit, centrifugal pump and hosing are lowered to the deck of a disabled 
vessel and the cargo off-loaded to another ship (ltghterlng vessel) or appropriate temporary storage 
container. 

PHYSICAL SPECIFICATIONS -

Type 3 prime mover capacity: 2.5 Lis (40 U.S. GPM) @ 20 670 kPa (3000 pSI) 
Some pumps avatlable: - Byron Jackson Submersible Centrifugal Pumps 

- Framo TK4, TK5 Submersibles 
- Sloan Trash Pump 

Note: Specific technical information for the most recent (May, 1984) Type 3 ADAPTS system was not 
available at the tllne of printing of thiS survey. Consult the manufacturer ltsted under "AVAILABILITY 
AND COMMERCIAL INFORMATiON". 

OPERATING SPECIFICATIONS - Consult manufacturer ltsted under "AVAILABILITY AND COMMERCIAL 
INFORMA TiON" for specifiC technical informatIOn. ADAPTS used by the U.S. Coast Guard are eqUipped 
With a variety of pumps, hoses and fittings for compatlbtllty With most hazardous matertals, including Oils. 
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STATUS OF DEVELOPMENT AND USAGE - ADAPTS (Air Deliverable Anti-Pollution Transfer System) was 
first developed by the U.S. Coast Guard between 1969 and 1971. (Refer to final report, "Development of 
the Air Deliverable Anti-PollutIOn Transfer System (ADAPTS}", by CDR Robert J. Ketchel, Umted States 
Coast Guard, PollutIOn Control Branch, August 6, 1971 (Project No. 71 ~1 01/000, available from National 
Technical Information Service (NTIS), Spnngfleld, VA, 22151, U.S.A. 

ADAPTS IS now delivered directly to disabled vessels Instead of parachute deployment Into the ocean area 
near the disabled vessel. Development of fleXible temporary storage containers as part of ADAPTS was 
discontinued In the late 1970's. Now consists of submerSible pumps and diesel-hydraulic power Unit, Similar 
to the FRAMO and Thune-Eureka systems (also descnbed In this section). 

PERFORMANCE - ADAPTS has been used successfully by U.S. Coast Guard Stnke Teams. Contact the 
follOWing offiCes for first-hand diScussion of the performance of the ADAPTS: 

U.S. Coast Guard Strike Teams: 

AtlantiC Region 
(919) 338-39~1 

Gulf Region 
(60l) 688-2380 

AV AILABILITY AND COMMERCIAL INFORMA nON -

ADAPTS IS manufactured for the 
U.S. Coast Guard by: 

FlUid AutomatIOn, Inc. 
3~15 Con Rd. 
JacksonVille, FL 32217 
U.S.A. 
Telephone (90~) 268-31~1 
Contact: Doug Spence, PreSident 

Phil Parker 

In the U.S. Coast Guard: 

CDR. John Clay 
ADAPTS Project Officer 
Applied Technology DlVlslOn 
U.S. Coast Guard Headquarters 
Washington, DC 20591 
U.S.A. 
Telephone (202) 755-~87~ 

OTHER DATA - The Canadian Coast Guard uses an ADAPTS under the name STOPTS (Self-contained Tanker 
Off-loading Petroleum Transfer System). Contact Ed Gauthier, Canadian Coast Guard Emergencies Office 
In Ottawa, Ontario, Telephone (613) 992-2380 for technical Information regarding STOPTS. 



276 

PRODUCT WARREN RUPP V.I.P. SANDPIPER PUMPS No. 117 

APPLICABILITY Gas liqUid Solid 
Sol FI Sk Sol FI Sk 

* * * 

DESCRIPTION - AIr-powered double dIaphragm pump wIth chemIcal-resIstant Teflon ball-valves and 
dIaphragms. 

AIR DISTRIBUTION 
VALVE 

CHECK 
VALVES 

LEFT SIDE DISCHARGE 
RIGHT SIDE INTAKE 

RIGHT SIDE DISCHARGE 
LEFT SIDE INTAKE 

OPERA TING PRINCIPLE - Two dIaphragms are JOined at theIr centers by a shaft. AIr pressure alternately 
applied against each dIaphragm creates dIscharge and Intake by respectIvely compressing and expanding the 
volume of the dIaphragm chambers. Check valves - two In each chamber - control the Intake and 
dIscharge. 

PHYSICAL SPECIFICATIONS -

DImenSIOns and WeIght 

Model 
Intake and DISCharge 
Alrlme ConnectIon 
WIdth 
Length 
HeIght 
WeIght (Aluminum Model) 

STl-A 
25 mm 
6.4 mm 
356 mm 
368 mm 
375 mm 
18 kg 

Tetlon dIaphragms and ball valves. 

(I In) 
(0.25 In) 
(14 In) 
04.5 In) 
05 In) 
(40Ib) 

STl 1/2-A 
38 mm 0.5 m) 
13 mm (0.5 In) 
414 mm(16 In) 
470 mm(18.5 In) 
470 mm (18.5 In) 
N/A 

Wetted metal parts constructed of 380 dIe-cast aluminum, 356-T6 aluminum, cast Iron, stainless steel 
or Hastelloy alloy C. 
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OPERATING SPECIFICA nONS -

Can pass solids up to 6.4 mm (0.25 In) In diameter. 
Can run dry without damage to pump. 
Can be used completely submerged. 
Self-pruning. 
Fluid Temperatures: up to 100°C (121 °C with appropriate materials). 
Air Pressure required: up to 862 kPa. 
Pump Capacities: STl-/\' - up to 1.9 Lis 

STl 1/2-A - up to 5.7 Lis 

STATUS OF DEVELOPMENT AND USAGE - CommerCially available for many pumping applications, including 
hazardous environments where air power eliminates explOSIOn and fire hazards. 

PERFORMANCE - Sandpiper V.I.P.'s (Virtually ImpervIOus Pumps) are claimed to be compatible With the 
following chemicals: 

AcetiC ACId 
Acetone 
Amlnes 
AmmOnia (Anhydrous) 
AmmOnia (LiqUid) 
Amyl Acetate 
Asphalt 
Benzene 
Benzyl Alcohol 
Benzyl Chloride 
Bromine 
Butyl Acetate 
Butyl Cellusolve 
Carbon Blsulphlde 
Carbon Tetrachloride 
Chlorine 
Chlorobenzene 
Chlorosulphonlc ACId 
ChromiC ACId 
Cresol (Cresylic ACid) 
DlOctyl Phthalate 

Dowtherm 
Ethyl Acetate 
Ethyl Chloride 
Ethyl Ether 
Ethylene DichlOride 
Furfural 
Lacquer 
Ketone 
Lacquer Solvents 
Methyl Ethyl Ketone 
Mineral Spirits 
Naphthalene 
NitriC ACid 
OleiC ACId 
Plating Solution 
Styrene 
SulphuriC ACid 
Toluene 
Trichlorethylene 
V M &: P Naphtha 
Xylene 

AVAILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

The Warren Rupp Company 
800 North Main Street 
P.O. Box 1568 
Mansfleld,OH 44901 
U.S.A. 
Telephone (419) 524-8388 

Distributor: 

The Warren Rupp Company 
1057 Orcades Crescent 
Mlsslssauga, Ontario 
Canada 
L4Y 2E7 
Telephone (416) 279-5186 

OTHER DATA - Warren Rupp also manufactures Sandpiper pumps With flap-type or ball-type check valves 
from a variety of materials. Flap valves allow passage of near pipe Sized solids. Models SA2-A and SA3-A 
have been tested With oils by EnVironment Canada. Refer to EnVironmental Protection Service Technology 
Development Reports EPS 4-EC-78-3, "Pumps for 011 Spill Cleanup" (for SA2-A) and EPS 4-EC-79-3, 
"Evaluation of Pumps and Separators for ArctiC 011 Spill Cleanup" (for SA3-A). 

Reference: Manufacturer's Literature. 
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PRODUCT WILDEN AIR-OPERATED DIAPHRAGM PUMPS No. 118 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

* * * 

DESCRIPTION - Submersible air-operated, double-actmg diaphragm pumps. 

OPERATING PRINCIPLE - Two flexible diaphragms Jomed by a common shaft simultaneously enlarge and 
contract pump cavities under the force of compressed air to Yield a uniform pumpmg action. 

PHYSICAL SPECIFICATIONS -

Model 

Height mm (m) 
Length mm (m) 
Width mm (m) 
Weight kg (Ib) 

Alummum 
Iron or Stamless 

Inlet/Discharge 
mm (m) 
(N.P.T.) 

M2 

267 (10 1/2) 
178 (7) 
267 (10 1/2) 

10 (22) 
N/A 

25 / 19 (1 / 3/4) 

Materials of ConstructIon: 

M4 

457 (18) 
340 (133/8) 
362 (14 1/4) 

15.9 (35) 
23.6 (52) 

38 / 32 (1 1/2 / 1 1/4) 

M8 MI5 

667 (26 1/4) 832 (32 3/4) 
400 (15 3/4) 508 (20) 
308 (12 1/8) 419 (16 1/2) 

32.7 (72) 54.5 (120) 
58.2 (128) 97.7 (215) 

51 / 51 (2/ 2) 76/ 76 (3 / 3) 

Body - Alummum, (epoxy coated optIonal), cast Iron, 316 stam1ess steel, Hastelloy C. 
DIaphragms and Ball Valves - neoprene, Buna N, Norde1, Vlton, Teflon 
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OPERATING SPECIFICATIONS -

Pump CapaCities (air supply of 18.9 L/s (40 scfm) @ 689 kPa (100 pSI): 

----- -----------
Model M4 M8 Ml5 

Water Discharge 
Lis 2.2 1.7 1.6 
(U.S. gpm) (35) (27) (25) 

Discharge Head 
m 42.6 62.5 68.5 
(ft) (140) (205) (225) 

Max. Solid Size 
mm 4.8 6.4 9.5 
(10) (3/16) (1/4) (3/8) 

---------------~------------

STATUS OF DEVELOPMENT AND USAGE - Commercially available for applicatIOn 10 the food processlOg 
mdustry, pamt manufacturmg, well drilling, waste treatment, barge and tanker striPPing, breWing 
constructIOn, refmerles and chemical process industries. 

PERFORMANCE - Test results of pump comparisons are available from Wilden on request. 

AV AlL ABILITY AND COMMERCIAL INFORM A nON -

Manufacturer: 

Wilden Pump and EqUipment Co. 
22069 VanBuren St. 
Colton, CA 92324 
U.S.A. 
Telephone (714) 783-0621 
Telex 676-452 

Mandem 
8550 Delmeade Rd. 
Montreal, Quebec 
Canada 
H4A lL7 
Telephone (514) 342-9233 

OTHER DATA - None obtamed. 

Dlstnbutor: 

York FLUId Controls Ltd. 
2 Westwin Court 
Brampton, OntarIO 
L6T 4T5 
Telephone (416) 454-4013 

Reference: Wilden Pump & Engineering Co. Brochure R5-76. 
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4.2 Transfer of Gases 

----- -- --- ---
PRODUCT BUSCH VACUUM PUMP No. 119 

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol FI Sk 

* 

DESCRIPTION - A line of multi-vane vacuum pumps for solvent and corrosIVe vapours. 

OPERA TING PRINCIPLE - Vapours are compressed from the discharge port of the pump cylinder by the 
action of Impellers rotating on an eccentncally-mounted dnve shaft. The cylinder IS lubncated by an oil 
delivery system. The 011 IS ejected with the discharge vapours In the form of a mist which can be collected 
by an Oil mist eliminator. 

PHYSICAL SPECIFICATIONS -

R5 Series 

Direct Drive 
Single Impeller 
Standard and Super Models Available 
Can be used as a compressor up to 100 kPa with appropriate options. 

Model 010 016 025 040 
----------- ----

063 

Inlet mm (.n) 
Weight kg (lb) 
Power hp 

19 (0.7) 
2.9 (46) 
0.75 0.75 

19 (0.7) 
25.9 (57) 

31. 8 (1.3) 
35.8 (79) 
1.5 

31.8 (1.3) 
45.8 (101) 

2 

31.8 (1.3) 
55.8 (123) 

3 

Huckepack Senes 

Dual Impeller 
OptIOnal All-Ductile Iron Construction 
OptIOnal Self-Contained Radiator Cooling System 

Model 429 433 437 441 445 
--------------- ---
Inlet mm (In) 50.8 (2) 50.8 (2) 50.8 (2) 76.2 (3) 152.4 (6) 
Shipping 
Weight kg/lb 

-002 249.4 (550) 
-014 281.2 (620) 

371.9 (820) 589.6 (1300) 612.2 (1350) 1496.6 (3200) 
394.6 (870) 634.9 (1400) 793.7 (1750) 1542.0 (3400) 

Power hp 10 15 20 25 4 

MONOV AC Series 

Belt Driven 
Single Impeller 
Pumps are water-cooled 
Non-metalliC vanes 
Teflon exhaust check valve 

Model 

Inlet mm (In) 
Weight kg (lb) 
Power (hp) 

216-002 

51 (2) 
158.7 (350) 

10 

225-002 

51 (2) 
235.8 (520) 

15 

240-002 

51 (2) 
362.8 (800) 

20 

263-002 

51 (2) 
530.6 (1170) 

25 



OPERA TlNG SPECIFICA TlONS -

R5 Senes: 

Model OLO 016 

Free Air 
Di~lacement 0.17 0.23 
(m /mm) 

End Vacuum 
Super (kPa) 101 101 
Standard (kPa) 99 99 

HUCKEPACK Series: 

Model 

Free Air Displacement (m 3/mm) 
End Vacuum (kPa) 

MONOV AC Senes: 

Model 

Free Air Displacement (m 3/mm) 
End Vacuum (kPa) 

025 

0.57 

101 
99 

040 

0.79 

101 
99 

429 

3.54 
0.067 

216-002 

3.54 
6.66 

281 

063 

1.16 

101 
99 

433 

5.66 
0.067 

100 

1.78 

101 
99 

225-002 

5.66 
6.66 

160 

3.31 

101 
99 

437 

8.78 
0.067 

250 400 

4.93 8.50 

L01 101 
99 99 

441 

14.16 
0.067 

630 

12.18 

101 
99 

445 

22.09 
0.067 

240-002 263-002 

&.7& 
6.66 

14.L6 
6.66 

STATUS OF DEVELOPMENT AND USAGE - Vacuum pumps are available for appllcatlOns such as meat 
packmg, distillatiOn, plastiC moldmg and deodonzmg vegetable Oils. Use m hazardous material spill 
scenariOS has not been documented. 

PERFORMANCE -

CompatIble wIth vapours of: 

Water 
AlcohoLs 
Aromatics 
Ahphatics 
Ketones 
Chlorinated Hydrocarbons 
Creosote 
Toluene 
Isobutylene 
Dlbutylparacresol 
Ethyl Benzene 
Benzene 
Hexane 
Dimethyl Cyclate 

Methylene ChlOride 
HydrochlOriC ACId 
Ammo ACId 
Methanol 
Dusobutylamme 
Vmyl Chlonde 
Ethylene Dlamme 
Tetrahydrofuran 
Methanol 
Phenol 
Acetone 
Carbon Tetrach10nde 
Sulphur DiOXide 
AmmOnia 
Catechol 

AV AIL ABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Busch Inc. 
4974 Holland Rd 
Virgmla Beach, VA 23462 
U.S.A. 
Telephone (804) 497-8976 

Distnbutor: 

CanadIan AIr Compressor 
1875 boul. Industnel 
Laval, Quebec 
H7S I P5 
Telephone (514) 334-5810 

OTHER DATA - The manufacturer should be consulted when developmg a vapour recovery system which 
mcorporates Busch vacuum pumps. 
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1+.3 Transfer Hoses 

PRODUCT ACID, CHEMICAL HOSES - GENERAL LISTING No. 120 

Note: A broader commercIal avaJlabJilty of transfer hoses eXIsts wIth applJcabJilty to hazardous materials 
than IS indIcated by Entries No. L 21, 122 and 123 whIch follow. The main purpose of thIs general 
lJstll1g IS to present contact informatIOn for CanadIan compantes and, to a lesser extent, U.S. fIrms 
fabricating such eqUIpment. 

APPLICABILITY Gas LIquid SolJd 
Sol Fl Sk Sol Fl Sk 

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

DESCRIPTION - Transfer hoses fabricated from natural and/or synthetIC materials designed to wIthstand 
specific chemicals and aCIds including petroleum products, dry materials, vapours, etc. 

OPERATING PRINCIPLE - Hoses are used In conjunction wIth pumps to either effect the inItIal pIckup of 
spilled materials or transfer substances already collected. 

PHYSICAL SPECIFICATIONS - Consult individual manufacturers. The customer should inquire as to the 
material type(s) of hose, Its flexlbllJty, Internal diameter, length, weIght, appropriate fIttings (I.e., 
connectors), reinforcement, applJcatlon (including whether used for suction or dIscharge, specIfic cherntcaI) 
etc., Teflon, Hypalon, Vlton, PVC, pure gum, rubber metal and other plastic hoses are sold. 

OPERA TING SPECIFICATIONS - Also consult manufacturer. Usage should be speCIfied so that the hose IS 
compatible With the material beIng transferred, ambient temperature, and the temperature of the 
substance of concern. WeIght per umt length, flexlbllJty, operating pressure and chemical versatllJty are 
other operatIonal concerns. 

STATUS OF DEVELOPMENT AND USAGE - CommercIally avaJiable products. Fabricated to customer 
specifIcatIOns or sold as standard hardware for a WIde variety of appltcatJOns. 

PERFORMANCE - Not separately documented for spills of hazardous materials although used for that purpose 
and the In-plant transfer or other prescribed movement of various chemical substances. 

AVAILABILITY AND COMMERCIAL INFORMATION -

In Canad;;.., contact the follOWing compantes (these are manufacturers unless otherWIse indicated): 

Aeroqulp (Canada) Inc. 
287 Brldgeland Avenue 
Toronto, Onto 
M6A IZ7 
Telephone (416) 7&1-5261 

B.F. Goodrich Canada Inc. 
(See Entry No. 121) 
409 Weber Street W. 
Kltchener,Ont. 
N3G I+J5 

CIty Industrial Sales Corp. 
5937 DIXIe Road 
Mlsslssauga, Onto 
LI+W lE8 
Telephone (1+16) 677-1360 

Epton Industries (See Entry No. 121) 
521 King St. W. 
Kltchener, Ontario 
N2G lC5 
Telephone (519) 71+1+-6530 

Flexaust Canada Ltd. 
Dlv. of Callaham Mining Corp. 
P.O. Box 536 
Whitby Industrial Park 
Whitby, Ontario 
LIN 5V3 
Telephone (1+16) 668-8818 

Gates Canada Inc. (See Entry No. 122) 
P.O. Box 310 
Brantford, Ontario 
N3T 5W6 

Goodall Rubber Co. of Canada Ltd. 
(See Entry No. 123) 
1160 Fewster Drive 
Mlsslssauga, Ontario 
LI+W IAI 
Telephone (416) 629-1621+ 

Goodyear Canada Inc. 
21 Four Seasons Place 
Islington, Ontario M9B 6G2 
Telephone (1+16) 626-1+611 



HP Power Drives Ltd. (wholesaler) 
1299 Island 
Montreal, Quebec 
H3K 2N4 
Telephone (514) 933-4261 

Hose Technology Inc. (distributor) 
7-1031 Hubrey Rd. 
London, Onto 
N6N IB4 
Telephone (519) 685-3070 

IPM Supplies Ltd. 
4500 Shepherd Ave E. 
Scarborough,Ont. 
MIS 3R6 
Telephone (416) 298-0494 

Industrial Sales Ltd. (distributor) 
2825 Botham 
Montreal, Quebec 
H4S IH8 
Telephone (514) 336-2252 

Johnston Industrial PlastiCS Ltd. 
20 Fleeceline Rd. 
Toronto,Ont. 
M8V 2K3 
Telephone (416) 255-7706 

Kingston Enc Sales Ltd. 
150 Bentworth Ave. 
Toronto, Ontario 
M6A IP7 
Telephone (416) 789-2691 

LawJack Equipment Ltd. (wholesaler) 
5235 Henri Bourassa 
Montreal, Quebec 
H4R lB8 
Telephone (514) 334-0252 

Nevtro Sales Ltd. (wholesaler) 
720 Quebec 
London, Ontario 
N5Y lW8 
Telephone (519) 451-0930 

Ommflex industrial Sales Ltd. (distributor) 
18-225 Sheldon Drive 
Cambridge, Ontario 
NiT lAl 
Telephone (519) 653-2713 
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Representative U.S. compames mclude the followmg: 

Abbott Rubber Co. 
2482 Delta Lane 
Elk Grove Village, IL 60007 
Telephone (312) 595-7090 

Amazon Hose & Rubber Co. 
132 N. Jefferson Street 
ChIcago, IL 60606 
Telephone (312) 372-4073 

Ontario Hose SpeCialists Ltd. - agent 
1455 Brltanma Rd. E. 
Mlsslssauga, Ontario 
L4W lC7 
Telephone (416) 677-0113 

Ontario Rubber 
19 ConstellatIOn Court 
Rexdale, OntariO 
M9W lK4 
Telephone (416) 675-5630 

Pantek Industrial Products - wholesaler 
758 Halpern Avenue 
Dorval, Quebec 
H9P IG6 
Telephone (514) 631-9130 

Source: 1983 Fraser's CanadIan Trade 
DIrectory 

Dynacraft 
Dept. 82TR 
P.O. Box 1518 
Bellevue, W A 98009 
Telephone (206) 455-6550 

Empex Industrial Hose 
6929 Paramount Blvd. 
N. Long Beach, CA 90805 
Telephone (213) 636-9703 



Atlanta Rubber Incorporated 
690-B Eleventh St. N. W. 
Atlanta, GA 30318 
Telephone (404) 875-7731 

Capital Rubber CorporatIOn 
1512 East Algonquin Road 
Arlington Heights, IL 60005 
Telephone (312) 640-6966 

QIP Equipment Ltd. - wholesaler 
3185 Halpern St. 
Montreal, Quebec 
H4S 1 P5 
Telephone (514) 337-2661 

Reslnol Plastic Industnes Ltd. 
2567 De Mlmac 
St. Laurent, Quebec 
H4S lE5 
Telephone (514) 336-5044 

Umroyal Ltd. 
Industrial Products DIVISion 
1806 Notre Dame E 
Montreal, Quebec 
H2K 2N3 

Vlbro-Flo Inc. 
2470 Lucknow Drive - Umt 15 
Mlsslssauga, Ontario 
L5S IJ9 
Telephone (416) 677-0918 

Cardinal Rubber & Seal Inc. 
1545 Brownlee Avenue 
Roanoke, VA 24014 
Telephone (703) 982-0091 

Chase-Walton Elastomers, Inc. 
81 Apsley St. 
P.O. Box A 
Hudson,MA 01749 
Telephone (617) 485-5600 

Dunlop LImited GRG DIvISIon 
Plmbo Industrial Estate 
Skelmersdale, Lancashire WN89PW 
England 
Telephone 0695 2411 

Shenandoah Industrial Rubber Co. 
(B.F. Goodrich Dealer) 
P.O. Box 640 J 
802 Kesler Mlli Road 
Salern, VA 24153 
Telephone (703) 387-0435 
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Source: 1982 Thomas Register of Amencan Manufacturers. 

Flex Incorporated 
7302 Industnal Park Blvd. 
Cleveland, OH 44060 
Telephone (216) 946-9424 

Goodyear Rubber Products Corp. 
331 McCarter Highway 
Newark, NJ 07114 
Telephone (201) 242-5550 

Insulated Duct & Cable Co., Inc. 
Armstrong Hose DIvIsion 
88-T Stokes Ave. 
Trenton, NJ 08605 
Telephone (609) 883-3030 

Jerry Bros. Belting Co., Inc. 
1908 East Main Street 
Richmond, V A 23223 
Telephone (804) 643-6167 

KUriyama of America, Inc. 
1221 Landmeler Road 
Elk Grove Village, IL 60007 
Telephone (312) 228-0300 

L.T. Industries 
711 W. 17th Street - Bldg 4 
Costa Mesa, CA 92627 
Telephone (714) 631-2741 

Nat Aranson and Associates 
7640 GlOria Ave. 
Dept. J 
Van Nuys, CA 91406 
Telephone (213) 787-5160 

River Rubber and Belting Co., Inc. 
P.O. Drawer 23624 
New Orleans, LA 70123 
Telephone (504) 733-8843 

Service Rubber & Gasket Co., Inc. 
16341 Old Valley Blvd. 
P.O. Box 348 T 
La Puente, CA 91747 
Telephone (213) 968-0743 

Snap-Tlte Hose, Inc. 
Snap-Tlte Bldg. 
UnIOn City, PA 16438 
Telephone (814) 438-7616 

Sun-Flow, Inc. 
432 PaCifiC Coast Highway 
Hermosa Beach, CA 90254 
Telephone (213) 540-3390 

Taylor-Parker Co., Inc. 
1130 W. Kingwood Avenue 
Norfolk, V A 23502 
Telephone (804) 855-2041 

OTHER DATA - Consult also local telephone directories and industrial registers for local compames. 



285 

PRODUCT B.F. GOODRICH ACID AND CHEMICAL TANK TRUCK HOSE No. 121 

APPLICABILITY Gas LIQUid Solld 
Sol FISk Sol FISk 

DESCRIPTION - Hoses resistant to chemical attack. 

OPERATING PRINCIPLE - Hollow tub10g used 10 conJunctIOn with pumps for the Imtlal pickup or transfer of 
matenals. 

PHYSICAL SPECIFICA nONS -

Commander 
(Acid Hose) 

Cover Matenal 

Remforcement 

InSide Tube 

Max. Temp. 

Sizes 

Cover Matenal 

Remforcement 

InSide Tube 

Sizes 

LIQUID CONDUCTING HOSES 

Atlas Multl-Chem 100 
(Acid Hose) (Chemical Hose) 

Rubber Rubber 

Several wrapped layers of cord 
fabric and wire remforcement 

Hypalon Natural Rubber 

Not Available 

12.5 to 1.25 to 
200 mm 1.0. 200 mm I.D. 

Chemical resistant 

Polyester yarn 
Braid and steel, Wire Hellx 

Cross-hnked polyethylene 

66°C for most chemicals 

25 to 77 mm 1.0. 

SOLIDS AND GAS CONDUCTING HOSES 
Convertapipe (Sollds) 

Non-Wire 
Wire Remforced Remforced 

Smooth Black Rubber 

Wrapped With up 
to 16 piles plus 
heavy coated 
steel wire 

Wrapped With 
2 or more 
piles natural 
rubber and 
armonte 

Customer Specified 

250 to 500 mm I.D. 

Type 105 
(Sollds) 

Type 103 
(Gases) 

Rubber Impregnated fabnc 

2 to 4 piles wrapped 
constructIOn With COil 
of round coated spring 
steel 

3.18 mm 1.19 mm 
Armonte Armonte 
Rubber Rubber 

38 to 350 mm I.D. 

Industnal Hose (3600) - for: Anhydrous Ammoma 

Cover Matenal Black Rubber 

Remforcement 

InSide Tube 

Sizes 

High tenslle braided fibre piles; 38 mm (1.510) and 51 mm (2m) sizes have additional 
braid of stamiess steel 

High tensile rubber 

13 to 51 mm I.D. (0.5 to 2m) 
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OPERATING SPECIFICATIONS -

Recommended uses for the described hoses are as follows: 

Commander (suctiOn or discharge): 
Highly corrosive hqulds, I.e. sulphuric, chromic and nltrtC aCids. 

Atlas (suctiOn or discharge): 
--Inorganic aCids except nitriC, chromic, concentrated sulphuric and strong oXidizing agents. 

Withstands most inorganic salts and alkahs. 

Multi-Chern 100: 
Resists approximately 90% of all industrial chemicals except strong oXidiZing aCids such as nitriC and 
chromic. 

Convertaplpe (wire-reinforced): 
For conductmg abrasive and corrosive materials such as ore, dry or suspended sand, gravel, gram, 
ground or powdered chemicals, metal shavings and sawdust. 

Convertaplpe (non-wire reinforced): 
For carrymg abrasive materials m suspensIOn. 

Type 105: 
To conduct dust and abrasive materials m air. 

Type 103: 
For tOXIC and corrosive fumes. 

3600 Anhydrous Ammonia: 
For anhydrous ammonia or nitrogen fertilizer. 

STATUS OF DEVELOPMENT AND USAGE - CommerCially available products m Wide use for transferrtng 
aCids and chemicals. 

PERFORMANCE - Documentation for apphcatlOn to spills of hazardous matenals not obtamed. Problems are 
not anticipated If hose IS purchased from manufacturer fabncated to tolerate specific substances. 

AVAILABILITY AND COMMERCIAL INFORM A TION -

In Canada: 

Epton Industnes 
521 Kmg St. W. 
KI tchener, Ontar LO 
N2G lC5 
Telephone (519) 744-6530 
Contact: Mr. Eric Post (extensIOn 550) 

Note that In 1983 B.F. Goodnch Engmeered Products DlvlSlon was sold to Epton Industries. 

In the U.S.: 

The B.F. Goodnch Company 
Engmeered ~ystems Dlvlslon 
Dept. 0709 
500 S. Mam St. 
Akron, OH 44318 
Telephone (216) 374-2000 

OTHER DATA - A variety of other hoses IS avatlable for suctIOn or discharge serVlce for handlmg petroleum 
at ambient and low temperatures, and for water and steam transfer. 
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PRODUCT GATES CHEMICAL HANDLING HOSE 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

-II- -II- -II-

DESCRIPTION - Vanous hoses constructed for chemical transfer. 

OPERATING PRINCIPLE - Hollow tubmg used for the mltlal pickup or transfer of matenals. 

PHYSICAL SPECIFICA nONS -

ACid-ChemICal Transfer Hoses - 41 HW, 42HW, 45HW 

Materials (Tubes) 41HW: Hypalon 
42HW: Vlton 
45HW: "SpeCial Blend" 

Length - Maximum 18.3 m (60 ft) 
Available Sizes (I.D. mm) - 25, 32, 51, 64, 76, 102 (I, 1.3, 2, 2.5, 3, 4 m.) 

ACid Discharge Hose - 1 W 

Length - MaXimum 15.2 m (50 it) 

No. 122 

Available Sizes (1.0. mm)- 13, 19,25, 32, 44, 51, 57, 60, 64, 76, 89, 102, 114, 127, 152, 168,203,254 
(0.5,0.7, 1, 1.3, 1.7, 2, 2.2, 2.4, 2.5, 3, 3.5, 4, 4.5, 5, 6, 6.6, 8, 8.6, 10 m.) 

Hypalon Tube ACid Discharge Hose - 101W 

Length: Maximum 15.2 m (50 ft) 
Available Sizes (I.D. mm) - 13, 19, 25, 32,44,51, 57,60,64,76,89, 102, 114, 127, 152, 168,203,219, 

254 (0.5, 0.7, 1, 1.3, 1.7, 2, 2.2, 2.4, 2.5, 3, 3.5, 4, 4.5, 5, 6, 6.6, 8, 8.6, 
10 m.) 

ACid Suction and Discharge Hose - 400SB 

Length - MaXimum 15.2 m (50 ft) 
Available Sizes (I.D. mm) - 32, 38, 51, 57, 64, 76, 83, 89, 102, 127, 152, 168, 203, 254 (1.3, 1.5, 2, 2.2, 

2.5, 3, 3.2, 3.5,4, 5, 6, 6.6, 8, 10 in) 

Hypalon Tube ACid SuctIOn and Discharge Hose -401SB 

Length - Maximum 15.2 m (50 ft) 
Available Sizes (I.D. mm)- 25,32, 38, 51, 57, 64, 76, 83, 89, 102, 127, 152, 168,203, 219, 254 (1,1.3, 

1.5, 2, 2.2, 2.5, 3, 3.2, 3.5, 4, 5.6, 6, 6.6, 8, 8.6, 10 in) 

LiqUid Chemical Transfer - 49SB 

Length - MaXlmum 15.2 m (50 ft) 
Available Sizes (I.D. mm)- 19, 25, 32, 38, 51, 60, 64, 76, 89, 102, 114, 127, 140, 152, 168, 178, 203, 

219 (0.7, I, 1.3, 1.5, 2, 2.3, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.6, 7, 8, 8.6 in) 

Gates Special Thermoplastic Tube Stock-Neoprene Cover - 77B 

Length - 15.2 to 30.5 m (50 to 100 ft) and over 
Available Sizes (I.D. mm)- 6,8, 10, 13, 19 (0.2,0.3,0.4, 0.5, 0.7 in) 

Anhydrous AmmOnia Hose - 73B-HB 

Length - Reels up to 18.3 m (60 ft) 
Available Sizes (I.D. mm)- 13, 19, 25,32,38,51,76 (0.5,0.7, I, 1.3, 1.5, 2, 3 m) 
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OPERATING SPECIFICA nONS -

Hose 
Model 

41HW 
42HW 

45HW 
lW 
101W 
400SB 
401SB 

49SB 
77B 
73B-HB 

Chemical Compatablilty and Workmg Pressures 

Strong oXldlzmg solutlOns. 
Highly aromatic fluids and chlormated hydrocarbons. Workmg pressure 
862 kPa. 
ACids, chemlCals, solvents. Workmg pressure 1034 kPa. 
ACids, salts, bases. 
Strong oXldlzmg solutlOns such as sulphuric aCid at high temperatures. 
ACids, salts and bases m maximum suctlOn or discharge appilcatlons. 
Strong oXldizmg solutlOns, such as sulphuric aCid at high temperatures m maximum suction or 
discharge. 
ACids, chemicals, solvents. 
Solvents, lacquer thmners. 
LiqUid anhydrous ammoma. Workmg pressures up to 2134 kPa. 

STATUS OF DEVELOPMENT AND USAGE - Commercially available products used for transferrmg aCids and 
chemicals. 

PERFORMANCE - DocumentatlOn for appilcatlOn to spills of hazardous materials not obtamed. Problems are 
not anticipated If hose IS purchased from manufacturer which has been fabricated to specifiC tolerances 
and requirements. 

AV AIL ABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Gates Rubber Company 
999 South Broadway 
P.O. Box 5887 
Denver, CO 80217 
U.S.A. 
Telephone (303) 744-1911 

OTHER DATA - No other mformatlOn obtamed. 
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PRODUCT GOODALL CHEMICAL HOSE No. 123 

APPLICABILITY Gas LIqUId Soltd 
Sol Fl Sk Sol Fl Sk 

DESCRIPTION - Transfer hoses desIgned for chemical servICe. 

OPERATING PRINCIPLE - Hollow tubmg used In conjunctIOn with pumps for the InitIal pIckup of matertals or 
theIr subsequent transfer. 

PHYSICAL SPECIFICATIONS -

Nuchem: 

Newtype: 

Long Life: 

Kern-Flex: 

Kern-Flex: 

Kem-Kmg: 

Kemlte: 

Goodlte: 

Kern-Flex 200: 

general service chemIcal hose 
available m suction/discharge or discharge only 
chlonnated polyethylene (CPE) cover 
avallable sizes: 25 mm (1 m) 1.0. @ 1.2 kg/m up to 102 mm (4 In) 1.0. @ 5.7 kg/m 
textile braided carcass With hellx wire remforcement and CPE tube 

Hypalon tube 
black Neoprene cover 
textile braid carcass With hellx wire reinforcement 
also available With rubber tube 

aCid chemical and solvent hose 
5 mm rubber tube 

all purpose suctIOn/discharge hose 
CPE synplastlc tube With oll-reslstant cover 
textile braided With helix wire 
avallable sizes: 19 mm 0/4 m) 1.0. @ 1.1 kg/m up to 102 mm (4 In) 1.0. @ 6.1 kg/m 
available m discharge only WIthout heliX wIre remforcement 

aCid suctlon hose (or discharge) 
cross-llnked polyethylene (PE) tube. 
neoprene cover 
textlle braid constructIOn With helix wire remforcement 

chemical and solvent suctIOn/discharge hose 
V!ton tube 
Neoprene cover 
hOrizontal braided constructIOn With helix wire remforcement 

rubber constructIOn 
wall 5 mm thick 
textile braid carcass WIth hellx wire remforcement 
available sizes: 38 mm (I 1/2 In) 1.0. @ 1.5 kg/m up to 102 mm (4 m) 1.0. @ 5.5 
kg/m 
lengths to 30.5 m 

rubber constructIOn consIsting of wrapped duck carcass With fleXible remforcement 
of spIral wire 
lengths to 15.2 m 
avatlable sizes: 127 mm (5 m) 1.0. @ 121.6 kg/m up to 305 mm (12 m) 1.0. @ 425.2 
kg/m 

barge unloadmg hose 
cross-1m ked PE tube 
lengths to 30.5 m 
avatlable sizes: 51 mm (2 m) 1.0. @ 5.4 kg/m up to 152 mm (6 In) 1.0. @ 15.9 kg/m 



Kem-Kmg 200: 

Super-Lite 200: 

Fluor-O-Pnme T: 

Fluor-O-Pnme W: 

Teflon Convoluted 
Bore Hose: 

Super Long-Life: 

Century 2000: 

Viton tube 
black Neoprene cover 

mtnle tube and cover 
smooth bore 
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textlie braided, Wire reinforced 
avaliable Sizes: 76 mm (3 in) 1.0. @ 5.1 kg/m up to 152 mm (6 in) 1.0. @ 15.8 kg/m 
maXimum length 30.5 m 
also available as "Super-Lite 300" m same specificatlOns only higher workmg 
pressure 

honzontally braided 
extruded smooth Teflon tube 
avaliable Sizes: 19 mm (3/4 in) 1.0. @ 0.5 kg/m (15.2 m length) up to 32 mm 
(1 1/4 m) 1.0. @ 1.6 kg/m (7.6 m length) 

Wire braid reinforcement 
extruded smooth Teflon tube 
avaliable Sizes: 19 mm (3/4 m) 1.0. @ 0.6 kg/m (15.2 m length) up to 32 mm 
(l 1/4 m) 1.0. @ 1.6 kg/m (7.6 m length) 

avaliable m Wire braid and two braid textlie constructlOn 
hell cal convolutions 
15.2 m lengths 
Neoprene cover 

stamless steel Wire braid remforcement 
tube constructed of butyl rubber 
Neoprene cover 
available lengths to 30.5 m 
avaliable Sizes: 19 mm (3/4 in) 1.0. @ 0.6 kg/m up to 76 mm (3 m) 1.0. @ 4.4 kg/m 

flexible mandrel constructlOn 
nylon braid remforcement 
black cover 

OPERATING SPECIFICATIONS -

Nuchem: 

Newtype: 

Long Life: 

Kem-Flex: 

Kem-F1ex: 

Kem-Kmg: 

Kemite: 

Goodite: 

Kem-Flex 200: 

resistant to the majority of common chemicals up to 66°c 
workmg pressure up to 689 kPa 

for chemicals, aCids and solvents 

aCids and other chemicals 

handles more than 500 common chemicals includmg esters and ketones up to 66°C 
workmg pressure up to 862 kPa 

aCid suction hose 
general industrial serVIce including esters and ketones 

chemical and solvent resistant 

for corrOSive, abrasive flUids and slurnes high m aCidic content 
working pressure up to 345 kPa 

for large volumes of waste aCids, abraSive slurry fly ash and other corrOSive 
matenals 
workmg pressure up to 689 kPa 

handles more than 500 common chemicals (up to 90% of all chemicals) includmg 
esters and ketones 
workmg pressure up to 1379 kPa 



Kem-KIng 200: 

Super-LIte 200/300: 

Fluor-O-Pnme T 
Fluor-O-Pnme W: 

Teflon Convoluted 
Bore Hose: 

Super Long-Life: 

Century 2000: 
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working pressure up to 1379 kPa 

"200": Working pressure up to 1379 kPa 
"300": Working pressure up to 2068 kPa 
sUItable for sodIum hydroxIde 

for corrosives, caking slurnes and solvents 
working pressure up to 1724 kPa 

Will handle all chemicals except molten alkali and fluor chemicals up to 121°C 

for anhydrous ammOnia 
working pressure up to 2413 kPa 

for anhydrous ammonia 

STATUS OF DEVELOPMENT AND USAGE - Commercially available products specifically deSigned for a Wide 
range of chemicals. In use In the chemical process Industnes. 

PERFORMANCE - No documentatIOn received for applicatIOn to spills of hazardous materials. No problems 
In this regard are anticipated due to the specifiC tolerances of the different hose types. 

AVAILABILITY AND COMMERCIAL INFORMATION -

In Canada: 

Goodall Rubber Company of Canada Ltd. 
1160 Fewster Dnve 
Mlsslssauga, OntariO 
L4W lAI 
Telephone (416) 629-1624 

In the U.S. 

Goodall Rubber Co. 
P.O. Box 8237 
Trenton, NJ 08560 
Telephone (609) 587-4000 

OTHER DATA - Goodall IS Widely represented In Canada and the U.S. and has manufacturing facilities In both 
countries. 
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5 ULTIMATE DISPOSAL 

5.1 Incmeratlon/Combustlon 

------ - - --- ---------- -- ------ - - -- --- - - - ---------- --------- ---- -----
PRODUCT CLEANFIRE PORTABLE INCINERATOR No. 124 

APPLICABILITY Gas Liquid Sohd 
Sol FI Sk Sol FI Sk 

DESCRIPTION - A heh-transportable mcmerator consist 109 of a stamless steel chamber and a dlesel-drtven 
blower. 

SCHEMATIC DIAGRAM OF INCINERATOR I)ESIGN 

OPERA TING PRINCIPLE - The blower circulates air between the double walls of the mcmeratlon chamber 
prior to Its entry mto the fire box to promote combustion. ThiS feature ehmmates the need for a 
refractory hntng thereby reducmg the weight of the Unt t to make It air-transportable and to factlltate 
assembly. 

PHYSICAL SPECIFICATIONS -

Fire Box 

DimensIOns: 3 x 1.8 x 1.5 m (9 x 6 x 5 ft) 
Matertal of ConstructIOn: No. 14 gauge 304 stainless steel outside skm 

No. 10 gauge 304 stamless steel mner skm, end walls 
Four hftmg hooks, one 10 each corner. 
Open top, hmged door at one end (for ash removal). 
Weight 850 kg (1874 Ib). 

Dlesel-drtven Blower 

Capacity: 198 m3/mm (6992 ft 3/mm) (7000 cfm) air dehvery. 
Fuel Consumption: 8.0 L/h (2 U.S. gal/h) diesel at full throttle. 
Weight 850 kg (1874 Ib). 
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OPERATING SPECIFICATIONS -

Portability: helicopter-transportable In two loads each at 850 kg (187~ Ib). 
Assembly: no precise alignment required, approximately 10 minutes to set up once 
two components is made; requires wrench and screwdriver. 
Smoke Generation: RIngleman No. I or No.2. 
Air Supply: generally 120% of complete combustion requirements. 
Fire Box Temperature: approXimately 1000° to llOO°C (1832° to 2012°F). 
Rated Capacity: about 1 ton/h. 

delivery of 

STATUS OF DEVELOPMENT AND USAGE - A full-scale prototype was successfully tested on February 2, 
1983 with development and evaluation of the Unit sponsored by the Canadian Offshore 011 Spill Research 
ASSOCiatIOn (COOSRA) and EnVironment Canada's ArctiC Marine Oil Spill Program (AMOP). Commercial 
Units have been subsequently sold to at least four different groups Within Canada and the U.S. Usage IS 
primarily Intended for 011 spill cleanup but, under some Circumstances, may be appropriate for certam 
hazardous materials. 

PERFORMANCE - Loading rates of 200 to 900 kg (~~O to 198~ Ib) of oiled debriS have been achieved In test 
runs conducted In southern Ontario and In the ArctiC (see references under Other Data). A peak operating 
temperature m the firebox has been measured at 10~5°C (l913°F) With the outside wall reachmg a 
temperature of 10°C (50°F) and end panels attaInmg 293°C (559°F) but generally fluctuating between 220° 
and 250°C (~28° and ~82°F). Smoke emission has been observed to range between Rmgleman No. 1 and 
No.2. 

No evaluation data pertaining to the capability of the inCinerator to combust hazardous materials are 
known to exist. 

AV AlLABILlTY AND COMMERCIAL INFORMATION -

Manufacturer: 

Energetex Engmeenng 
~98 Albert Street - SUite No.7 
Waterloo, OntariO 
Canada 
N2L 3V~ 
Telephone (519) 7~3-7191 
Contact: Mr. Ed Twardus 

OTHER DATA - For deSign crItena, general background informatIOn, and evaluatIOn results refer to: 

Potter, S.G. and Twardus, E.M., "Development and Testing of an Air-Transportable InCinerator", Procee­
din s of the Sixth ArctiC Marine Oil S IiI Pro ram Technical Seminar, Edmonton, Alberta (June 1~-16, 
1983. 

ThiS entry IS also based on correspondence dated November 23, 1983 from Mr. D. Smrke of Dome 
Petroleum limited to Mr. M.F. FIngas, EnVironmental ProtectIOn SerVice, EnVironment Canada, Ottawa, 
Ontario, Canada. 
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PROTOTYPE DIESEL ENGINE INCINERATOR No. 125 

---------- -- ----------------- ----------- - ------------------- ------
APPLICABILITY Gas Liquid Soild 

Sol FI Sk Sol Fl Sk 

* * 

DESCRIPTION - A prototype system designed to thermally destruct PCB-contaminated 011 (AskareJ). The 
system consists of a diesel engine, scrubber and an activated carbon filter. 

OPERATING PRINCIPLE - Askarells mixed with diesel fuel and fed Into the diesel engine where It IS burned. 
The exhaust IS scrubbed With water, passed through an activated carbon filter and discharged to the 
atmosphere. The hydrogen chlOride solutIOn from the scrubber IS neutralized WIth ltmestone. 

PHYSICAL SPECIFICATIONS - 150 kW, SIX cylinder in-line Dorman dIesel engine (200 hp). 

OPERATING SPECIFICATIONS - Up to 75% Askarel fuel has been used, although most of the operating 
experience has been wlth a ratio of 50% Askarel and 50% diesel fuel by weight. 

STATUS OF DEVELOPMENT AND USAGE - Prototype which has undergone iJmlted testing. 

PERFORMANCE - DestructIOn efficiencies are claimed to be greater than 99% for the whole system. 
Tests indicate that 99.87% of chlonne fed to the Untt IS processed to chlonde. 
InCinerator IS deSigned for liqUid waste only. 
Pilot system has been operated for 300 hours uSing askarel. 

AVAILABILITY AND COMMERCIAL INFORMATION -

Dlstnbutor: 

The D&D Group, Inc. 
5 Race Street 
St. Cathennes, Ontano 
L2R 3Nl 
Telephone (416) 688-1880 
Contact: Mr. H. Sharp 

OTHER DATA - Dorman diesel may be available from Dorman DIvIsIOn of GEC In the U.K. Costs for the 
system capable of consuming up to 190 L/h of PCB liqUId (1982 estunates): 
Capital: ApprOXimately $994 000 
Operating: $1 512 000 not including cost of capital, depreCiatIOn, Income and property taxes, and assuming 
the diesel IS utilized 85% of the time. 

Reference: Mr. G. Evans, personal commUniCation, D & D Disposal Services (January 25, 1982). 
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PROTOTYPE EPA MOBILE INCINERATION SYSTEM No. 126 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

*" *" *" *" *" *" ---------
DESCRIPTION - Prototype. A highway-transportable system (on three semi-traliers) designed to thermally 

destruct hazardous matenals. The system consists of a shredder, kiln, secondary combustion chamber and 
flue gas scrubbers. 

Two stage Blower 

OPERATING PRINCIPLE - The hazardous matenal or debns is shredded (if necessary) then fed to the klin 
(Tralier J) where the matenal is mcmerated at high temperatures. Residual ash is automatically removed 
at the discharge of the klin and exhaust gases are passed to the afterburner (Tralier 2) where hazardous 
matenals are destroyed. Exhaust from the afterburner is routed to the scrubbmg system (Trailer 3). A 
particle scrubber removes fly ash and sub-micron phosphorus pentoxide. A mass transfer scrubber or 
adsorption tower removes sulphur dioxide and hydrochlonc aCid. The exhaust is then released to the 
atmosphere. Stack emiSSions are momtored. 

PHYSICAL SPECIFICATIONS -

Loader - Ground level nestable loadmg hoppers. Mechamcally/hydraulically hfted up to the edge of the 
shredder hopper for dumpmg. 

Shredder - Shear type counter-rotatmg shaft umt with 25 mm (1 m) teeth. Automatic reverse for Jam 
c1earmg (reqUires manual c1earmg when Jammed item is of non-shreddable nature). 

Ram Feeder - Hydraulically operated. Cylmder: 83 mm (3.3 m) dla. x 3 073 mm (121 m) stroke. Protected 
from shredder by a shdmg steel cover plate. Ram trough separated from kiln by swmg-up gates. Swmg 
gate closest to klin and trough in this area faced with Inconel 671 for corrOSlOn and heat resistance. 

Sludge and liqUid Feed - Port: 64 mm (2 to 5 m) (may be rod-cleared). Pumps available: Standard air­
operated drum ram type for matenals with contammants up to the screen mesh of about 6 mm (0.2 in). 
Positive displacement piston pump (design mcorporates a heated sludge tank and 25 mm (1 m) mesh screen). 
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Hydraulic Power Umt (Shredder) - 50 hp motor driven variable volume hydraulic pump. Horsepower 
compensated to elimmate excessive power demands. 

Klln - Direct fired. Sloped bottom. 1.3 m I.D. x 4.9 m (4.3 ft x 16 ft). Effective volume: 6.7 m3 (236 ft 3). 
L1010g of 152 mm (610) thick A.P. Green Kast-O-Llte 30 Refractory. Fired with two 102 mm (410) Maxom 
burners each capable of 12: 1 turndown ratio. 

Kiln Breechmg and Duct to Afterburners - Constructed of Inconel 601. Duct has expansIOn )omt for up to 
305 mm (1210) length adjustment 10 addition to a 20° misalignment. 

Afterburner - Lmed with Kasto-O-Llte 30. 1.3 x II m (I.D. x length) (4.3 x 36 ft). 

Quench10g - By wetted-throat venturi elbow usmg both fresh and reCirculated water. Connected to ground­
level water separator sump which mcludes an emergency stack and damper to protect the downstream 
scrubber system 10 the event of a quench water fallure. Ducts and expansIOn Jo1Ots from sump to Trailer 3 
are constructed of leonel 625. 

Particle Scrubber - Cleanable High Efflclency Air Fdter (CHEAF). Wetted glass flber filter pad available 
10 30.5 m (l00 ft) rolls. Filter pad automatically advanced as pluggmg starts. 

Adsorber/Mass Transfer Scrubber - Coarse vane type flUId separator. 1.4 x 1.5 m (wide x high) (4.6 x 5 ft) 
high bed of 51 mm (2m) Intalox plastiC saddles 2.4 m (7.8 ft) 10 depth Irrigated with 5% NaOH scrubb10g 
flUId. Vessel structures constructed of flbreglass-remforced plastIC utlllz10g a blsphenol "A" base resm 
wIth alternate layers of woven rovmg and chopped strand flbreglass. Umt remforced WIth steel angles. 
System complete With NaOH tanks and ground-level effluent storage tanks. 

Blower and Drive - Smgle-stage blower speed modulated up to 3600 rpm. Driven by 125 hp dIesel. 

Sound SuppressIOn and Stack - Sound suppressIOn by commercial attenuators. 3.05 m (lOft) tilt-up stack 
for gas exhaust dIsperSIOn. 

Traders - Three, each 13.7 m (45 ft) long. KIln Trader has three axles, the other two are tandem axle. 

AddItIOnal EqUIpment - DIesel alternator set for all electrical reqUIrements. Effluent tanks. Water and 
fuel tanks. Pumps. On-board hOIst. Emergency. Other Operatmg Tools. 

OPERATING SPECIFICATIONS -

Two second dwell 10 burners. 
Temperature: 11210C (2050°F). 
Level of 3% oxygen or more IS reqUIred for the system. 
With bulk denSIty or mOist sand or no shearmg, sub-system delivers up to 6.8 m3/h (240 ft 3/hr) or about 10 
834 kg/h (24 000 Ib/hr). 

System CapaCitIes: 

Waste Throughput: From 340 kg/h (750 Ib/hr) @ 100% mOIsture content and 50% excess to 3288 kg/h 
(7248 Ib/hr) @ 0% mOIsture content and 30% excess air. As a functIOn of processed material and excess 
aIr: from 159 kg/h (350 Ib/hr) processmg water @ 70% excess aIr to 4082 kg/h (9000 Ib/hr) processmg 
dry sand @ 24% excess air. 

STATUS OF DEVELOPMENT AND USAGE - Prototype deVice that has undergone comprehenSIve evaluatIOn. 

PERFORMANCE - A 15-hour test burn WIth fuel 011 was completed 10 1981 and modificatIOns Implemented as 
a result. ThiS was followed by a series of flve trtal burn tests conducted 10 three phases from September 
1982 through January 1983 at the EPA facdlty 10 Edison, NJ. The program verifIed that the mobIle 
mcmeratlOn syste:n's performance complted WIth U.S. federal and state (New Jersey) regulatIOns pertammg 
to the mcmeratlOn of hazardous and tOXIC substances. The destructIOn of synthetiC feed wastes was 
achieved at effiCienCies In excess of 99.99% for feed rates of up to 32 kg/h of carbon tetrachlOride, 43 kg/h 
of chlormated benzene and 23 kg/h of PCB (Aroc!or 1260). The aIr pollutIon control sectIOn of the mobile 
system removed In excess of 99% HCl and partIculate matter to less than 180 mg/m 3 ("corrected"). 

AVAILABILITY AND COMMERCIAL INFORMATION - As of spring 1982, EPA had spent $2.2 mdhon on the 
deSign, development, testing and permItting of the prototype mobde mcmerator. FabricatIOn costs of a 
Similar mobile IncmeratlOn system, WIthout development and testing expenditures, were estImated In April 
1982 to be about $1.1 mdhon. 



For further detaIls: 

UnIted States EnvIronmental ProtectIon Agency 
MUnIcIpal EnvIronmental Research Laboratory-CI 
EdIson, NJ 08837 
U.S.A. 
Telephone (201) 321-6634 
Contact: Dr. J.E. Brugger 
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OTHER DATA - Consult references cIted. Also refer to U.S. EnvIronmental ProtectIon Agency Fact Sheet 
"EPA's .'v\obJle IncIneratIOn System for Cleanup of Hazardous Substance SpIlls and Waste SItes", (AprIl, 
1982). 

References: Tenzer, R., B. Ford, Jr., W. Mattox, and J.E. Brugger, (MB AssocIates), "CharacterIstICs of the 
,'v\obIle FIeld Use System for the DetoxIfIcatIOn/IncIneratIOn of ResIduals from OIl and Hazardous 
MaterIal SpIll Clean-up OperatIons", Journal of Hazardous MaterIals, 3 pp. 61-75 (1979) EPA 
Contract 68-03-2515. -

Yezzl Jr., J.J., J.E. Brugger, I. WIlder, F. Freestone, R.A. MIller, C. Hrommer, Jr., and R. 
Lovell, "The EPA-ORD MobIle IncIneratIOn System TrIal Burn", 1984 Hazardous MaterIals SpIlls 
Conference ProceedIngs, NashvIlle, TN (AprIl 9-12, 1984). 
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PROTOTYPE MOBILE MOL TEN SALT DESTRUCTION UNIT No. 127 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

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

DESCRIPTION - Prototype. Waste undergoes catalytic destructIOn as It contacts hot molten salt which IS 
maintained at high temperature In a stainless steel vessel. 

Stainless-steel 
Injector Tube 

Septum for 
Gas Sample 

~ 

AIr In 

, 

=- Sealed = 
= Hopper_ 

"­
VIbrator Screw Feeder 

- Off Gas Outlet 
(On-line Sampler 

Attached Here) 

OPERATING PRINCIPLE - Waste and air are Introduced beneath the surface of a sodium carbonate melt at 
750 to lOOO°C. Fuel IS added If the waste IS not suffiCiently combustible. The salt melt provides the rapid 
transfer of heat and, In many cases, the catalytiC breakdown of the waste to COz, H20, oxygenated salts, 
HC1, S02, etc., dependmg upon the materials Involved. The sodIUm carbonate IS compatible with gaseous 
reaction products and/or prevents their release and traps inorganic ash which must be removed. OtherWise 
complete conversion of the sodium carbonate would occur with an eventual loss of ItS fluidity and, 
ultimately, ItS aCid removal capabilIty. Salt makeup can, however, be added without interrupting system 
operation. Off gases are cleaned of particulates, primarily sodIUm chlOride, by a Venturi scrubber or 
baghouse filter. 
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PHYSICAL SPECIFICATIONS - (pilot plant facility only) 

Molten Salt Vessel Overall Height: 5.2 m (17 ft) 
Outside Diameter: 1.2 m (4 ft) 
Matenal of Construction: 304 stainless steel 
Refractory Llnmg: 15.2 cm (6 In) blocks 
Amount of salt: 900 kg (1984 Ib) to I m (3 ft) depth 

OPERATING SPECIFICATIONS - (pilot plant facility) 

Throughput ranges from about 23 to 113 kg/h. 
Temperature generally ranges from 750 to 1000°C. 
DestructIOn efficiency usually exceeds 99.99% (see Performance). 
Elemental metals such as silver can be recovered from the melt. 

STATUS OF DEVELOPMENT AND USAGE - Three molten salt facilities have been constructed including a 
bench-scale model, ptlot-plant system, a larger unit (specifically for the gasificatIOn of coal). A fourth IS 
available In a semi-mobile configuratIOn for use In demonstrations and IS capable of processing 45 kg/h (100 
Ib/h) of waste. As one of the last steps In the development stage, hcenclng arrangements for productIOn 
umts will have to be formalized. 

The molten salt process has been conceived for the effiCient disposal of hazardous matenal wastes. 

Manufacture of a commerCial mobile system, beyond the prototype stage, IS pOSSible but would have to be 
confirmed With Rockwell InternatIOnal. 

PERFORMANCE - TYPical data from destruction tests conducted by Rockwell on hazardous wastes are: 

Concentration Concentration 
of Unreacted of Unreacted DestructIOn 

Type of Temperature Waste In Off Waste In Melt EffiCiency 
Waste Waste (OC) Gas (mg/m 3) (wppm) (%) 
------------ --------------
Chemical PCB 750 to 900 0.5 0.08 >99.999 

Perchloroethylene 
Bottoms 850 to 950 NI)lI- <0.5 NA** 

Chloroform 818 ND <0.5 ND <0.1 >99.999 

Tr Ichloroethane 840 ND < 1.7 NA >99.999 

Diphenylamine HC 1 922 ND <0.4 ND <0.1 >99.999 

Nltroethane 892 ND <4.4 ND <1 >99.993 

Aqueous Slurry 
of TBP*** 939 0.1 NA >99.99 

Para-arsamhc 
aCid 924 ND <0.8 ND <0.1 >99.999 

PestiCides DDT Powder 900 0.3 ND <0.5 99.998 

MalathIOn 900 0.06 ND <0.01 99.9998 

Chemical VX 930 ND <0.00003 ND <3 >99.99999 
Warfare 
Agents GB 925 ND <0.0003 ND <0.1 >99.999999 

Mustard 925 ND <0.03 ND <0.03 >99.99998 
------------------------------------------------------------

* ND - Not detected ** NA - Not analyzed * *" *" TBP - Tnbutylphosphate 
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AV AIL ABILITY AND COMMERCIAL INFORMATION -

Developer: 

Rockwell InternatlOnal 
Energy Systems Group 
8900 De Soto Avenue 
Canoga Park, CA 91304 
U.S.A. 
Telephone (818) 700-3977 
Contact: Mr. A. Kohl 

OTHER DATA - Information for this entry IS based on personal communication With Mr. A. Kohl, Rockwell 
InternatIOnal, 12 June 1984 and the 1980 Rockwell International brochure Molten Salt Destruction (MSD) of 
Hazardous Wastes. 

AddltlOnal data can be obtained from: 

1) Klang, Y -H. and A.A. Metry, Hazardous Waste Processing Technology, Ann Arbor SCience Publishers 
Inc., U.S.A. (1982). 

2) Yoslm, S.J., K.M. Barclay, R.L. Gay, and L.F. Grantham, "Disposal of Hazardous Wastes by Molten 
Salt CombuslOn", TOXIC and Hazardous Waste Disposal, (R.B. POlasek, ed.) Ann Arbor Science 
PublJshers Inc., U.S.A., Chap. 14 (980). 
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PRODUCT PRE NCO MOBILE INC IN ERA TOR No. 128 

APPLICABILITY Gas LIqUId Solid 
Sol FI Sk Sol FI Sk 

DESCRIPTION - A mob1le system for the thermal destructIon of powders, !tquIds, sludges or slurries. It 
consIsts of a two-stage combustiOn chamber with associated holdmg tanks and gas scrubbmg system. A 
rotary kIln may also be attached to the system for contammated s01l. 

Two stage 
Combustion 
Chamber 

Offg,,~ 
~I ~uenchlng 
I Scrubblngl 

EFFLUENT (Gases) ... 
Stack 

OPERA TING PRINCIPLE - The materials to be incinerated are blended In holdmg tanks and mJected Into the 
combustlOn chamber. Off gases are scrubbed to remove partIculates and aCId mIst In a hIgh energy ventUri 
scrubber and a wet, packed tower usmg caustIc soda or !tme slurry. 

PHYSICAL SPECIFICATIONS - (568 L/h Unit only). Complete Unit IS mounted on three flatbed tra1lers along 
with a mobile laboratory. 

InCinerator -

MaXimum rating: 6.2 X 106W (21 X 106 BTU/h) 
CapaCity: 0.16 Lis (150 U.S. gal/h) at 39 x 106 kJ/m 3 (l40 000 BTU/gal) 
Volume for Primary Chamber: 10 m 3 Volume for Secondary Chamber: 5.2 m3 
ConstructiOn of Chambers: Carbon steel WIth 200 mm refractory !tnmg. 
Type of AtomizatiOn: AIr 

AIr PollutiOn Control System -

Components: ventUri flooded elbow, packed tower separator exhaust system 
Quench SectlOn: number of sprays: 12 SIze of sprays: 11 mm @ 207 kPa 
Materials of ConstructIon: 316 Stamless Steel 
Scrubbing SectlOn(s): type Prenco 150!VVO constructiOn material - carbon steel 
Adsorber/Demister: constructIon matertal - ceramIC saddles 

Exhaust Draft Fan -

Capacity: 7100 Lis (saturated) (15 000 CFM) 
ConstructiOn: carbon steel (coated) 
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Note that a second Unit IS avaIlable wIth a capacIty of 1893 L/h (500 U.S. gph) 

OPERA TING SPECIFICATIONS - SUitable for broad range of unspecified chemicals including chlorinated 
hydrocarbons. 

Incinerator -

Primary Chamber RetentIOn Time: 1.186 s 
Secondary Chamber Retention Time: 0.616 s 
Maximum Temperature for refractory lInIng In chambers: l649°C 
Normal operating temperatures In chambers: l260°C 
Maximum operating temperatures In chambers: l538°C 
Feed pressure: 286 kPa (41.5 pSI) 
Atomization media/pressure 6.0 kPa to 9.5 kPa (0.875 to 1.375 pSI) 
Turn-down ratio: 5:1 

Air Pollution Control System -

Maximum gas flow: 7080 L/s (15 000 ACFM) 
Water: transitIOn: 20 L/s @ 207 kPa 

scrubber: 11.3 L/s (180 gpm) 
blow down: 757 L/day 
make-up: 0.09 LIs (1.5 gpm) 

Exhaust Draft Fan -

Static pressure: 207 kPa (30 pSI) 
Fan: 3600 rpm 
Horsepower: 75 bhp 

UtIlitIes -

Electrical: 93 kW 
AuxIliary fuel: cold start/warm up: 36 Llh (No.2 Fuel OIl) 

continUOus: 180 L/h (No.2 Fuel OIl) 
Water: peak: 0.13 L/s (2 gpm) 

average: 0.1 LIs (1.5 gpm) 

STATUS OF DEVELOPMENT AND USAGE - Commercial product deSigned for the inCineratIOn of tOXIC and 
hazardous wastes at dump sites. Available on lease baSIS. 

PERFORMANCE - In tests conducted at the McClellan Air Force Base In Sacramento, CA In 1978-9, PCB 
destructIOn was achieved at a rate determined to be 99.998%. The inCinerator IS SUitable for the treatment 
of a range of chlorinated hydrocarbons. 

Source: Personal CommUniCation, Prenco Incorporated, II June 1984. 

AVAILABILITY AND COMMERCIAL INFORMATION - OngInal model inCinerator SE-3-150 and Air PollutIon 
Control System l50!VVO available for lease also a second, larger capacity 1893 L/h (500 U.S. gal) system. 

Manufacturer: 

Prenco Incorporated 
2601 West 14 Mile Rd. 
Royal Oak, MI 48073 
U.S.A. 
Telephone (313) 399-6262 
Contact: Mr. L. McNew, Marketing DIrector 

ApprOXimate Lease Costs: $25 000 - $30 000 per month mcludmg system operation, dependmg on size of 
dIsposal problem and required length of tIme to process wastes. 

OTHER DATA - Manufacturer should be consulted With regard to specifiC waste to be treated, services 
required (e.g., operation of incinerator, mamtenance, chemicals stack testing, shipping, assembly, 
documentation, etc.) and costs. 
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PRODUCT PYROID PYROTECHNIC INCENDIARY DEVICE No. 129 

APPLICABILITY Gas Liquid 50hd 
Sol FISk Sol FISk 

* 

DESCRIPTION - A hght, compact device designed for the on-site combustion of floating oil or flammable 
hazardous chemical spills. The deVice consists of an incendiary deVice which IS Ignited by a delay primer. 
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OPERATING PRINCIPLE - The PyrOJd deVice IS activated by pulling out a fIrIng chp. It IS then dropped from 
a helicopter or fixed-wing aircraft onto the shck. The delay primer Ignites the incendiary material 
approximately 25 seconds after the fIrIng chp IS removed to initiate self-sustained combustion of the 
flammable spill. 

PHYSICAL SPECIFICATIONS -

DimenSions: 25 x 25 x 12.5 cm (10 x 10 x 5 In) 
Weight: 2 kg (4.5 Ib) 
Uses a rocket-fuel-type IOcendlary solid material (40 to 70% ammOnium perchlorate, 10 to 30% metal fuel, 
aluminum or magnesIUm, 14 to 22% binder). 

OPERATING SPECIFICATIONS -

Heat Duration: 2 minutes 
Flame Temperature: 1400 to 2300°C (2552 to 4172°F) 
Shelf Life: 5 years 
Designed to withstand dropping from a hehcopter or fixed-wing aircraft at an altitude of 60 m (197 ft) with 
100 km/h (62 mph) forward speed onto a frozen surface. 
Has low 5 cm (2 In) draught. 
Floats on slick surface. 
Suitable for use 10 remote locatIOns. 
Will igmte confined spills. 
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STATUS OF DEVELOPMENT AND USAGE - Developed as a commerCial product for oil removal on Arctic sea 
Ice. Usage documented on crude oll slIcks and not on spllis of hazardous materials. ApplIcatIOn could be 
considered for any flammable lIqUid, safety and other circumstances permitting. 

PERFORMANCE - 10 preproduction deVices were tested With crude 011 on the spring Ice surface of Lac 
Launer, Quebec In 1981. 

PreproductIOn proof tests - Lac LaUrier, 
CFB Valcartler - 12 Aprd 1981 

IgnitIOn Delay 
Test No. Time (s) 

1 misfire 

2 15.7 

3 22.7 

4 misfire 

5 22 

6 16.8 

7 20 

8 20 

9 19.3 

10 17.9 

Average 19.3 

Burn Time 
(min: s) 

2:20 

4:15 

2:24 

3:21 

2:26 

2:21 

2:28 

2: 11 

2:43 

Note: Tests 1-8 deployed at 15 m (49 ft) altitude and 15 knots (7.7 m/s) airspeed. 
Tests 9 and 10 deployed at 30 m (98 ft) and 60 knots (31 m/s). 

The Impact roll (from the Intended target) was markedly reduced by the square shape, 
compared to earlIer Circular prototypes. 

AVAILABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Astro PyrotechniCS Ltd., P.O. Box 908 
Guelph, Ontario 
Canada NIH 6M6 
Telephone (519) 822-2133 
Contact: Mr. J.B. Edwards 

Vice PreSident and General Manager 

Development sponsored by EnVironment Canada In cooperation With Defence Research EstablIshment, 
Valcartler (DREV). 

OTHER DATA - The air-deployable Igniter should be applIcable to small, contained spills where in-Situ 
combustIOn could be conducted In a controlled manner Without threat to personal safety or the surrounding 
environment. 

Dome Petroleum Ltd. through the ArctiC Petroleum Operators ASSOCiatIOn (APOA) and Energetex 
Engineering of Waterloo, OntarIO, Canada have developed a slmtlar deVice for use on spilled crude otl 
surfaCing on arctiC sea Ice In sprmg follOWing a subsea blowout. 

References: Plstruzak, W.M., "Dome Petroleum's Oil Spill Research and Development Program for the 
ArctiC", Proceedings of the 1981 U.S. Otl Spill Conference, Atlanta, GA (March 2-5,1981). 

Couture, G. and P. Twardawa, Incendlar DeViCes for In-Situ Combustion of Crude ot! SlIcks, 
Defence Research Establishment, CFB Valcartler, Quebec, Canada, Ftle 3621B-043 January, 
1983). 
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PRODUCT PYROMAGNETICS MOBILE INCINERATOR No. 130 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

* * * * * * 

DESCRIPTION - A mobile system for the thermal destruction of sohd and hquld hazardous materials. It 
consists of a rotary klin, special melting treatment umt (SMTU) and high temperature oXidizer with 
associated equipment for pretreatment and residuals handhng. The complete system is housed on five 
trailers. 

Air Pollution Control Tanker 

OPERATING PRINCIPLE - The essential components of the system are the speCial melting treatment (SMTU) 
and the high temperature oXidizer. In the SMTU a mass of Iron is melted by an Induction heating coil. 
ContamInated sohds which can be pretreated by shreddIng and/or drYing In a rotary kiln, are added to the 
SMTU and undergo combustIOn at the surface of the molten iron. In the presence of a SUitable flux, the 
wastes form a slag which IS tapped off and quenched. 

(When treatIng contaminated soli, the SOil Itself provides the necessary flux.) Heavy metals are claimed to 
be entrapped In the resultIng "Inert" slhcate matrix. 

Off gases from the rotary kiln and the SMTU, and contaminated hqUlds are fed to the high temperature 
OXidizer, which consists of an oxygen burner followed by a burnout chamber. The use of oxygen reduces the 
volume of gas generated for scrubbIng. The scrubbing system employed IS a hOrizontally-mounted, water 
spray tower USIng limestone chips as the scrubbing agent. ReSidual contaminants and odours are removed 
In a charcoal filter before being vented to atmosphere. The complete system is operated under negative 
pressure by a diesel-powered Induced-draft fan, to prevent escape of gases from the system. 

PHYSICAL SPECIFICATIONS -

Complete umt IS mounted on five 13.7 X 2.4 m (45 x 8 ft) trailers along With a mobile control 
van/laboratory: 

1. Rotary Kiln Trailer 

Rotary Klin With Refractory 
2 Burners (Air) 
Burner Control System 

2. Secondary and Liquid Combustor Trailer 

Secondary Combustion Chamber 
2 Oxygen Burners 
2 Air Burners With Blower 



2 Ash Breech Hopper 
Shredder 
Feed Hopper 
Sludge Injector 
Screw Feeder 
InstrumentatIon 
Blowers 
Connectmg Duct 
Isolating Valves 

3. AIr PollutlOn Control Trailer 

Cheat Particulate Scrubber 
Mass Transfer Scrubber 
Induced Draft Fan 
Sound Suppressor 
Stack Assembly 
Bendix Momtonng System 
02, CO, NOx 
Scrubber ReclrculatlOn Pump 
Scrubber Control Valves 
MIst Ehmmator 
InstrumentatlOn 
Diesel Generator 125 hp 

5. Ancdlary Trader 

Caustic Feed Vessel 
Spent CaustIc Vessel 
Water CondltlOnmg Umt 
Brine Tank Pump 
Caustic Feed Pump 
Caustic Makeup Pump 
Spent Caustlc Pump 
Cooling Tower 
Cooling Water Pump 
Liquid Storage Tank 
Fuel Storage Tank 
LIqUid Feed Pump 
Fuel Feed Pump 
Makeup Water Pump 
Storage ReCirculation Pump 
Fuel ReclrculatlOn Pump 
Instrumentation 
Valves 

OPERATING SPECIFICATIONS -

Capacity: 
SMT furnace: 2700 kg/h (6000 lb/h) 
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Burner Management System 
Quench SectIOn 
Emergency Stack Vent Assembly 
Sump Assembly and Pump 
Connectmg Duct 
InstrumentatIon 
IsolatlOn Valves 

~. SpecIalized Melting Treatment (SMT"') Trailer 

SMT PyrolYSIS Umt 
Frequency Convertor 
Bus Bar Assembly 
Coolmg Tower 
Pumping Module 
Refractory System 
Hydraulic Umt 
InstrumentatlOn 
Feed Conveyor 
Chargmg Section 
Quench Tank with Conveyor 
Jib Crane 
Ingot Castmg System 
Transformers 
Connecting Duct System 
Emergency Generator 

6. Mobde Control Van/Lab 

GMC Motor Home or EqUivalent 
Control Room Video Display 
Analog-Digital Control System 
Line Printer 
Console Panel 
Laboratory Bench 
Fume Hood 
Analytical MISC. (Glassware, etc.) 
Calonmeter 
AtomiC Absorption 
Gas Chromatograph 
Decontamination Safety EqUipment 
Air PollutlOn Momtorlng EqUipment 

OXldlZlng umt: 1500 L/h or 550 L/h (396 gal/hr or 145 gal/h) for PCB (5096) 

Operating Temperature: 
Rotary kdn: 980°C (I800°F) 
SMT furnace: l650°C (3000°F) 
OXidiZing umt: 2200°C (4000°F) 

Dwell Time m OXidiZing: 2 seconds 

Oxygen Consumption (for PCB): 
3 kg (7 lb) oxygen per kg (Ib) of PCB In 5096 admixture With kerosene 
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Refractory Life: 
estImated 3 months at throughput of 4 t/h 

Power RequIrements: 
1000 kW at 4160 V vIa 150 kVA transformer WIth backup from 75 kW dIesel generator 

Scrubber Volume: 
9450 L (2500 gal) CIrculated at 12.5 to 19.2 L/s (3 to 5 galls) 

Not SUItable for mercury, radIoactIve materIals and certaIn unspecIfIed strong aCIds. ScrubbIng system 
may requIre adjustment for other materIals, e.g., those contaInIng lead, arsenIC etc. 

STATUS OF DEVELOPMENT AND USAGE - CommercIal product avaIlable for applIcatIon to spIlls of 
hazardous materIals. Has been used to InCInerate asbestos, PCBs and hydrocarbons. 

PERFORMANCE - DestructIon effIcIency of 99.999 943% was achIeved In test burns of PCB waste conducted 
for the EPA In Tullahoma, TN In March, 1982. 

LeachIng column test performed, on Pyro-Magnetlcs ash reSIdue, by the Umverslty of Massachusetts, 
indIcated that "heavy metal contaminatIOn of ground water beneath the ash IS unlIkely". 

A V AILABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Pyro-Magnetlcs CorporatIon 
20 Essex Street 
P.O. Box 288 
WhItman, MA 02382 
U.S.A. 
Telephone (617) 447-0448 
Contact: Mr. D. Dyer 

Product EngIneerIng/Sales 

Costs (July, 1981): 

CapItal: ApprOXImately $3 mIllIon IncludIng laboratory and computerized control systems. 
Operattng: Approximately $250/t. 

OTHER DATA - A SImIlar hIgh temperature meltIng process reduces asbestos waste to a related substance of 
pelletIzed glass-hke granules whIch are Inert and non-toxIc. 

A smaller 900 kg/h (2000 lb/h) UnIt, whIch IS mounted on three traIlers has also been under development. 

A mobIle laboratory accompanIes the process. 

References: Manufacturer's LIterature; personal commUnICatIOn, Mr. D. Dyer, Pyro-Magnetlcs CorporatIon, 
(June 30, 1981). 

M.M. DIllon Ltd., "DestructIon TechnologIes for PCBs, Report EPS 3-EC-83-1, EnVIronment 
Canada (February, 1983). 

Hazardous MaterIals Intelhgence Report (March 13, 1981). 



309 

--------------
PRODUCT TRECAN PORTABLE INCINERATOR No. 131 

--------
APPLICABILITY Gas liquid Solid 

Sol FI Sk Sol FI Sk 

* * * -)I-

DESCRIPTION - The inCinerator consists of a transportable "Pit" with air-feed equipment. 

Overhead Screen 

Overflre Air 

Underflre Air 

OPERATING PRINCIPLE - Debns or sorbents soaked with spliled materials are loaded through a top-mounted 
door Into the incinerator. Air to support the combustIOn IS supplied by blowers located at the top and 
bottom of the "Pit". 

PHYSICAL SPECIFICATIONS -

Dimension of incineratIOn chamber: 1.5 x 1.8 x 3.1 m (5 x 6 x 10 ft) 
(width x height x length) 

Overall ground space reqUired: 2.4 x 5.5 m (8 x 18 ft) 
Diesel engine: 20 hp, 2 cylinder air-cooled 
Gross weight: 9100 kg (20 061 Ib) 
MaXimum weight per sectIOn: 820 kg (l808Ib) 
Combustion chamber constructed of ten sections 
Hinged clean-out door located at one end of the incineratIOn chamber 
Each sectIOn IS a steel frame with a cast refractory facing of 114 mm (5 In) thickness with a back-up of 
51 mm (2 In) of insulating block. 
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OPERATING SPECIFICATIONS - Manufacturer claims that system IS sUitable for a wide variety of hazardous 
materials. 

Capacity rated for domestic refuse and oil-soaked debns only: 

907 kg/h (2000 Ib/h) @ I~OO J/g for domestic refuse 
~5~ kg/h (1000 Ib/h) for oil-soaked debns 

Diesel Fuel Consumption: 7.5 L/h (2 gal/hr) 

Blower Ratmg: 161 m 3/mm @ 2.5 kPa (5686 ft3/mm @ 0.~16). 

STATUS OF DEVELOPMENT AND USAGE - Commercial product developed on behalf of Environment Canada 
as part of the agency's Arctic Manne Oil Spill Program (AMOP). Usage has not been documented on 
hazardous materials. 

PERFORMANCE - Tests conducted by Environment Canada on a test mixture of 75% by weight Oil, 10% 
water, ~% straw, 7% wooden logs and ~% sorbents. It was burned at a rate of approxllnately ~5~ kg/h 
(1000 Ib/h) with ltttle or no vIsible smoke. 

AV AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Trecan Limited 
~5~0 DIxie Road 
Mlsslssauga, Ontario 
Canada 
L~W IN2 
Telephone (~16) 625-~030 
Contact: Mr. W.K. Lombard, President 

OTHER DATA - The portable mcmerator IS based on a concept orlgmally developed by Trecan to burn PCB 
liqUids. 

References: Manufacturer's Literature; Lombard, K.W., "Construction of an Air Portable Incmerator for Oil 
Spill DebriS" Spill Technology Newsletter, pp. 288-292 (Sept.-Oct., 1979). 

Personal communtCatlon, Mr. W.K. Lombard, Trecan Limited (May ~, 1981). 

Ewmg, H.B., Environment Canada: "Incmerator Development and Testing -Air Portable Open Pit 
Incmerator", Spill Technology Newsletter, p. 170 (May-June, 1979). 



311 

5.2 Fixation: Solidification/Encapsulation 

PRODUCT FIXA TION TECHNOLOGY - GENERAL LISTING No. 132 

A.PPLICABILITY Gas LIquId Solid 
Sol FI Sk Sol FI Sk 

.. .. .. .. .. .. 
DESCRIPTION - Waste fixatIon, encapsulatIOn, and solIdificatIOn/stabilIzation are synonymous terms used to 

descnbe processes of ImmoblllZIng, Isolating or containing industrIal waste matenals. 

These processes produce a solId matenal from a semi-solId (sludge) or lIqUid waste (primarily inorganic), 
and prevent It from reacting with or leaching Into the surrounding environment (I.e., sOil, water, 
groundwater). 

The Ideal fixation technique renders hazardous wastes nonreactive and ImmobIle In a solId matrix of good 
dimensIOnal stabIlity, freeze-thaw resistance, low permeabilIty, high stress tolerance, and resistance to 
attack by bIOlogical agents. ThiS end product could be used for road or buddmg construction or simply 
bUrIed In an appropnate landfill. 

OPERA TING PRINCIPLE - The major categones of Industnal waste fixation techniques are: 

a) Cement-based techniques 
b) Lime-based techniques 
c) Thermoplastic techniques (includIng bitumen, paraffin and polyethylene) 
d) Organic polymer techniques 
e) EncapsulatIOn techniques 
f) GlassiflcatlOn 
g) Self-cementing techniques 

No one method IS universally applicable, but each technique attempts to: 1) Improve the handling and 
phYSical characterIStiCS of hazardous wastes; 2) reduce leaching; and 3) reduce the solubilIty of specific 
groups. 

GlasslfIcatlon and self-cementing are less popular techniques because of the complexity of the processes. 
The advantages and disadvantages of all seven techniques are sum man zed under PERFORMANCE. 

Cement-based TechnI ues - These processes Involve the reaction of water in the hazardous waste with 
anhydrous Portland generally Type l) cement. The hardening or curing mechanism involves the Interlacing 
of thin, densely packed, sIlicate fibrils growing from the indiVidual cement particles. The process 
contmues for up to 28 days, but 50 to 90 96 of the fmal compressive strength IS attained within 7 days. 

Lime-based TechnI ues - Aqueous solutions of hazardous matenals are mixed with lime and fIne-gramed 
SIliceous pozzolanIc materIals to form a pozzolanIc concrete matenal. Natural pozzolans Include 
volcaniC ash and lava depoSits. The most commonly used pozzolans Include fly ash, ground blast furnace 
slag, cement-kiln dust, pulverIzed burnt fire brick and burnt shale. All classes of qUicklIme (CaO) and 
hydrated lIme (CA(OH)2), includIng waste lime, react well with pozzolans. Generally, finer pozzolan 
particles Will produce stronger end products. 

Thermoplastic Techniques - Hazardous waste sludges are dried, heated and dispersed through a matrIX of 
bitumen, paraffin or polyethylene. The mixture solIdifies during coohng and IS usually contamenzed (e.g., 
steel drums) before bunal. The waste IS phYSically incorporated Into the polymer and not chemically fixed. 

OrganIc Polymer Techniques - A monomer IS thoroughly mixed With wet or dry waste In a container (e.g., 
steel drum). An Initiator IS added to form a solid which does not chemically bond With the waste but 
Instead entraps solId particles In a spongy mass. Any liqUid associated With the waste IS not retained and 
must be evaporated from the polymeriC mass before final disposal. The most common polymer technique IS 
the ureaformaldehyde process developed for nuclear waste processing. PolYVinyl and polyester have also 
been studIed as pOSSible polymer candidates. 
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Encapsulation Techniques: - EncapsulatlOn IS the process of enclosmg hazardous wastes (wet or dry) m a 
coatmg or Jacket of mert matenal (e.g., polyurethane, HPPE). 

Glassiflcation - Extremely hazardous materials may be mixed with silica and fused at high temperature to 
form glass. 

Self-cementmg Techniques - A small portion (8 to 10% by weight) of wastes contammg large amounts of 
calciUm sulphate or calciUm sulphite, (e.g., flue gas cleanmg or desulphunzatlOn sludges) are dewatered and 
calcmed to produce partially dehydrated cementltlous calcium sulphate or sulphite. This matenal IS 
remtroduced to the balance of the waste, along With other additives, so that a hard, plaster-hke sohd IS 
formed. 

PHYSICAL SPECIFICATIONS - FlxatlOn techniques are generally capital mtenslve processes based on mixers 
and reactlOn vessels which combme sohdiflcatlon agents With a waste stream. Many systems are 
commerCially available. 

The followmg process summaries are taken from reference 2, hsted under OTHER DATA. Consult 
reference 1 and the contacts hsted under AVAILABILITY AND COMMERCIAL INFORMATION for 
additional details regarding the processes. 

Chemflx Process (Chemflx, Inc.) (Also see Entry No. 134.) A mobile treatment system has been developed 
which processes up to 380 000 LlIO h shift. Inorganic additives (cements and soluble silicates) are added to 
wastewaters, up to 10% by volume of the waste dependmg on the percent sohds and nature of the wastes. 

Dow Polymenc SohdlflcatlOn Process (Dow Chemical Co.) - ThiS IS an organic polymer (polYVInyl resms) 
based sohdliJcatlOn process developed for low radlOactlve wastes from nuclear power plants. Consult Dow 
and reference 1 for more mformatlOn. 

Calcllox (Dravo Lime Co.) - A cement-based fixation additive: dry, free flowmg, hght grey coloured 
powder of morganIc ongIn. It IS hydrau!tcally active and Improves the hand!tng and ultimate disposal 
char.actenstlcs of the slurnes With which It IS mixed. 

ETC SolidliJcatlOn S stem (EnVironmental Technology Corp.) - (Also see Entry No. 133 - BentOnite/­
Cement FixatIOn Process. A combInation of reagents IS used to encapsulate the mOisture and chemically 
bond heavy metals and other chemicals of a sludge mto a sOlI-hke matenal. Lime IS used to neutrahze 
aCidity and complex heavy metal cations as msoluble hydroxides. Another reagent acts as an lOn exchange 
mediUm, completely removing heavy metals and excess water. AdditIOnal reagent bndges sludge particles 
to mcrease phYSical strength and load-beanng capacity of the fmal sludge. 

Poz-O-Tech Process (I.U. Conversion Systems, Inc.) - The Poz-O-Tec encapsulatlOn mechanism occurs 
along two reaction paths: 1) silica and lune from fly ash and !tme-bearmg additives undergo pozzolanlc 
react·ons to Yield calcium silicates, calcium alumInates, and calCium sulphoalummates; and 2) soluble sohds 
from fly ash react qUickly With lime and alumma from fly ash glass, YieldIng pnmanly a cementltlous gel 
matrix. 

Siltcate SolidiflcatlOn Process (Ontano LiqUid Waste Disposal Ltd.) - ThiS soltdliJcatlOn process IS covered 
under Canadian Patent No. 1024277 (Issued lOth January, 1978). It IS based upon the production of stable 
Silicate compounds, Similar to geological matenals which result when alkalIne and silICate reagents are 
added to liqUid wastes. 

Polyester EncapsulatlOn (WashIngton State University) - Stable water-m-polyester emulslOns are produced 
by dlspersmg aqueous wastes mto unsaturated liqUid polyester resms at high shear rates. The aqueous 
droplets are mdlvldually encapsulated by thm polyester shells which agglomerate mto a hard water­
retaInmg solid resemblmg fme-gramed plaster. WashIngton State University has developed a pilot-scale 
encapsulatlOn process usmg polyester resms as the encapsulant. (WSU prOVides expertise m thiS field and 
has not comrnerclaltzed the process as of yet.) 

Petnflx Process (Pec Engmeermg) - TOXIC sludge IS treated With a mixture of calciUm silicates and an 
activator so that hydrated slltcates and slllco-alumInates of a particular composltlOn and structure can be 
obtamed. 50ltdlflcatlon IS not Immediate, as IS the case of most pozzalonlc reactions, but the strength of 
the Roman-type concrete Increases With cunng. 
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Terra-Crete Process (Sludge Fixation Technology, Inc.) - The Terra-Crete process IS a self-cementing 
process based on the production of a cementItlOus material from calcIUm sulphite heml-hydrate or calcium 
sulphate. A portion of the sulphite/sulphate sludge stream IS dned and calCIned to produce a cementltlouS 
agent. ThiS material and other additives (as needed) are Introduced Into the waste stream and react to 
form a hard, low permeability mass frorn the sludge. 

Terra-Tlte Process (Stabatrol CorporatIOn) - The Terra-Tlte process Involves the additIOn of cementltlous 
materials to the waste sludge to produce a concrete-like material. 

Sealosafe (Stablex CorporatIOn) - The Sealosafe process Involves adding two silicate-based powders to be 
dissolved or dispersed In water, thereby prodUCing a slurry. The slurry sets Into a rigid, rock-like cast. 
ThiS mass IS referred to as synthetiC rock due to ItS phYSical and cherntcal form. 

The phYSical and chemical interactions which take place Simultaneously are referred to as the mechamsm 
of crystal capture. Up to ten additIOnal ingredients are also used, depending upon the type of waste to be 
treated, to enable the crystal capture mechamsm to operate under optimum conditions. 

Takenaka Sludge Treatment (TST) System (TJK, Inc.) - The TST system IS a techntque for solidifYing mud of 
comparatively high water content or sludge discharge from factOrIes and plants. It transforms the material 
Into a form easy to handle for utilizatIOn In land reclamatIOn and pollutIOn control. Treatable materIal can 
be Widely dispersed, settled sludge, or sludge obtained directly from the factory or plant. In the case of 
sludges With tOXIC substances such as mercury, chromIUm and cadrmum, TST treatment stabilizes and 
chemically fixes these harmful substances. 

SpeCial additives are used for staolhzIng harmful substances. Several senes of hardeners are used 
depending upon the specifiC mud or sludge to be treated. 

TRW PolymeriC Encapsulation Techniques (TRW Systems Group) - TRW Company has done extensive 
testing, development and evaluatIOn on fixation technology for the EPA. Refer to Entry No.7, PolymeriC 
Encapsulation of ContainerIzed Hazardous MaterIals, and reference I for more detailed diSCUSSion. 

Volume Reduction and SolidificatIOn System (Werner and Pfleiderer Corp.) Refer to Entry No. 137. 

OPERATING SPECIFICA nONS - The follOWing information IS taken from reference 2. 

Chemflx Process (Chemflx, Inc.) (Also see Entry No. 134.) 

A cement-based solidificatIOn process, Chemflx reacts With polyvalent metal IOns to Yield a stable, 
Insoluble, inorganic matrix structure which entraps other nonreactive materials. Certain organics, tOXIC 
anions and nontoxIc (but undeSirable constituents) cannot be treated by the Chemflx method. 

Dow PolymeriC SolidificatIOn Process (Dow Chemical Co.) 

Consult Dow and reference 1. 

Calcilox (Dravo Lime Co.) 

Calcilox IS typically applied to coal dust, uranium mill tailings, and the sludge of sulphur compound 
scrubbers operating on the flue gas of coal-fired utility plants. Sludges containing sewage and organic 
wastes cannot be treated USing thiS technique. 

ETC SolidificatIOn System (EnVironmental Technology Corp.) 

5ulphunc aCid, hydrochlOriC aCids and other pickling aCids, spent platIng solutions, scrubber and organic 
sludges and industrial waste treatment sludges are the hazardous wastes commonly solidified by the ETC 
process. (No wastes were listed as Incompatible With the ETC process.) 

Poz-O-Tec Process (I.U. Conversion Systems, Inc.) 

ThiS lime-based, pozzalonIc solidificatIOn system was Initially developed for treating 502 sludges from 
scrubbers In the electriC utility Industry. It has also stabilized electroplating, steel mill, and chemical 
process wastes. Some organic wastes (not specified) are not SUitably treated by the Poz-O-Tec process. 
The pozzolanIc reactIOns may occur over a perIOd of months, but no speCial temperature control or other 
equipment IS reqUired. 
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SIlicate SolidificatIOn Process (Ontano LIqUId Waste Disposal Ltd.) 

This process stabilizes and solidifies most Inorgamc chemicals and wastes containing aCids, chrormum, 
copper, Iron, magnesium, manganese, nickel, ZinC, cadmiUm, lead, mercury, vanadium, chlondes, sulphates 
and phosphorus. Tests have shown that some organic wastes of up to 20% by volume of formulated 
inorganic wastes have been treated successfully on a case-by-case basIs. A plant completed In March 1977, 
solidifies over 1590 m3 (350 000 Imp. gal) of industrial liquid wastes per month, Yielding a soil-like product 
which was used to cover a sanitary landfill sIte In Hamilton, Ontano (Ref. 1, p. 350). 

PolYester EncapsulatIOn (Washington State University) 

The process IS effective In encapsulating low-level radIOactIve wastes, metal Ion wastes, cyanides and 
arseniC wastes, and some specific organics such as kepone, PCB, and some pharmaceutical wastes. The 
process IS not effective on very hIghly aCIdiC sludges (espeCially below pH 1.0). 

Petnflx Process (Pec Engineering) 

The Petriflx process IS used In France and the U.K. Common, relatIvely inexpensive chemicals are used 
and reqUIre no sophisticated handling or storage. 

Types of Wastes Which Can be Treated by the Petnflx Process (Ref 1, p. 152) 

OngIn Type of Waste Main Pollutants 

Electroplating and Schlams Chromates, cyanides, heavy metals, 
Metal FInishing aCids 

(Cr' Zn, Hg ... ) 

Chemical Industry By-products of Heavy metals, organometalhcs, low 
effluent treatment polymers 

Mechanical Effluent treatment Dusts, oils 
plant 

ElectrOnics and Tank bottoms, Cyanides, copper, ZinC, nickel, 
Electric Industry effluent treatment 

sludges 

011 and Petro- Digested sludge Heavy metals, dusts 
chemical Industry catalyst, A.P.I. 

separator sludge -

MUnICipal Treatment Digested sludge Organics, heavy metals 
Plant 

AgrobusIness Sewage sludges Proteins, liPids, glucldes, 
organic sludges organometailics 

Terra-Crete Process (Sludge FixatIOn Technology, Inc.) 

The system IS prtmartly deSigned to operate with sulphite/sulphate-based sludges produced from S02 stack 
scrubbing operations but IS adaptable to other situations where calcium sulphite/sulphate sludges can be 
obtained. Wastes untreatable by the Terra-Crete process were not speCified. 

Terra-Tite Process (Stabatrol Corporation) 

Most industrIal wastes can be treated. The Terra-Tlte process has great technical fleXibIlIty. Wastes 
which cannot be treated by the Terra-Tlte Process were not specified. 

Sealosafe (Stablex Corporation) 

The process IS SUitable for: 

1) AU inorganic wastes. The process IS exceptionally successful In treating all heavy metals, arseniC, 
mercury and asbestos. The process also deals With aniOniC wastes such as flUOride, chlonde, etc. 

2) Orga.nIc wastes which can be homogenously Incorporated Into an aqueous phase eIther by dissolutIOn, 
suspension or absorption. 



315 

3) Wastes In (1) or (2) above In liqUid, solid, or sludge fonn, including contaminated articles such as filter 
cartridges, clothing, rubber boots, etc. 

The process IS not sUitable for solidificatiOn of: 

1) Oils, solvents and greases which are not miscible with an aqueous phase. 

2) Very large quantities of water with ITIlmmal amounts of tOXIC ingredients. 

Takenaka Sludge Treatment (TST) System (TJK, Inc.) 

Two types of sludges tested and found unsuitable for the TST system were sludge produced from a wool 
scouring plant (greater than 20% fats and Oils) and sludges containing large amounts of pamt wastes. 

TRW Polymenc EncapsulatiOn Techniques (TRW System Group) 

See under PHYSICAL SPECIFICATIONS. 

Volume ReductiOn and SolidificatiOn System (Werner and Pfleiderer Corp.) 

Refer to Entry No. 137. 

STATUS OF DEVELOPMENT AND USAGE - With the exceptiOn of the fixatiOn technology developed by TRW 
Systems and Washington State University, all of the processes deSCribed In this entry are used 
commercially. (The above two systems have been studied and developed to laboratory scale only.) The 
Chemflx process was the only mobIle system Identified In the references cited; however, the cement- and 
lime-based processes could be mobIlized In a umt such as the EPS Mobile Processing and Transfer Umt, 
Entry No. 135. 

PERFORMANCE - The following data pertain to the general categories of fixatiOn methods. Refer to 
reference I and the contacts ltsted for more speCific performance information. 

--- ------------------------
COMPARISON OF FIXATION TECHNIQUES 

Process Advantages 

Cement-based 1. Additives are available at a 
reasonable price. 

2. Cement mixing and handling 
techniques are well 
developed. 

3. Processing equipment IS 
readily avaIlable. 

4. ExtenSive drYing or 
dewatering of waste IS not 
reqUired because cement can 
be added to adapt to a wide 
range of water contents. 

5. Processing IS reasonably 
tolerant of chemical 
vanatiOns In sludges. 

6. The strength and permeability 
of the end-product can be 
vaned by controlling the 
amount of cement added. 

7. Leaching char acterlstlcs 
can be Improved by sealants. 

Disadvantages 

1. Large amounts of cement are 
reqUired, making the weight 
and volume of the final 
product about double that of 
other solidificatIOn 
processes. 

2. The alkalinity of cement 
drtves off ammonium iOn as 
ammonia gas. 

3. Low-strength cement-waste 
mixtures are often vulnerable 
to aCidic leaching solutiOns. 
Extreme conditiOns can 
result In decompositIOn of 
the fixed material and 
accelerated leaching of the 
contaminants. 

4. Pretreatment, more­
expensive cement types, or 
costly additives may be 
necessary for stabilizatiOn 
of wastes containing 
Impurities that affect the 
setting and curing of cement. 
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COMPARISON OF FIXATION TECHNIQUES (Cont'd) 

Process Advantages Disadvantages 

Lime-based 1. The additives are generally 1. Lime and other additives add 
very inexpensive and widely to weight and bulk of waste. 
avaliable. 

2. Stablhzed sludges are 
2. Equipment required for vulnerable to aCidic 

processmg IS simple to solutions. 
operate and widely available. 

3. Settmg times are slower than 
3. Chemistry of pozzolanlc for cement. 

reactions IS well known. 
4. The end product may require 

4. ExtenSive dewatering IS not compactIOn durmg 
required as water IS required placement. 
m the curmg process. 

Thermoplastic , 1. Leachate rates are notably 1. Wet sludges must be pre-
lower than cement-based dned. 
fixation techniques. 

2. Expensive equipment and 
2. Drymg the waste reduces the skilled labour are generally 

overall volume to be treated. reqUired. 

3. End-product IS fairly 3. Cannot be used with wastes 
resistant to most aqueous which decompose at high 
solutions. temperatures, especially 

nitrates and certain 
4. Thermoplastic matenals plastiCS. 

adhere well to mcorporated 
matenals. 4. Fire hazard, especially With 

5. Matenals embedded m a 
bitumen and strong OXidizers. 

thermoplastic matnx can be 5. Some objectionable oils and 
reclaimed If needed. odours may be released 

durmg heatmg. 

6. Salts allowed to rehydrate m 
the thermoplastic matrix Will 
expand and fracture the 
matnx. 

7. The plasticity of the matnx 
may require a secondary 
con tamer for transport and 
disposal of the matenal. 

Organic Polymer 1. Only small quantities of 1. The fmal sohdlfled polymer 
additives ar,e usually required must be dned before 
to cause the mixture to set. ultimate disposal. 

2. Organic resms are less dense 2. Uncombmed or "weep" water 
than cement. must be allowed to evaporate 

to produce a fully cured 
3. Air cunng polymers require polymer. The weep water 

no high temperatures for may be strongly aCidiC and 
curmg. may contam high levels of 

pollutants. 
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COMPARISON OF FIXATION TECHNIQUES (Cont'd) 

Process Advantages Disadvantages 

Organ~c Polymer 3. Some initiators are corrosive 
(Cont'd) and require special handling 

eqUipment. 

4. Fumes released during 
polymerization may be 
harmful or disagreeable. 

5. Some polymers are bIO-
degradable. 

Encapsulation l. Very soluble contaminants I. Resins are expensive. 
are totally Isolated from the 
environment. 2. Process requires large 

amounts of energy for drYlOg, 
2. Usually no secondary fusing and forming the 

container IS required, because Jacket. 
the coating materials are 
strong and chemically Inert. 3. The sludge has to be dried 

before the process can be 
applied. 

4. Certain Jacket materials are 
flammable. 

5. Skilled labour IS required to 
operate moldmg and fusmg 
equipment. 

Glasslficatlon 1. The process IS assumed to I. The process IS energy-
produce a high degree of mtenslve. A charge must be 
contalOment of wastes. heated to 135Q oC to produce 

a satisfactory melt. 
2. The additives used are 

relatively mexpenslve 2. Some constituents, 
(syenite and lime). especially metals, may be 

vaporized before they 
combme with the molten 
Silica In the glass. 

3. Specialized equipment and 
tramed personnel are 
required for this type of 
operatIOn. 

Self-cementing l. No maJor additives have to 1. Only high sulphate or high 
be manufactured and shipped sulphite sludges can be used. 
to the processmg site. 

2. The process IS reported to 2. Self-cemented sludges have 
produce faster settlOg times much the same leaching 
and more rapid curing than characteristics as cement 
comparable lime-based and lime-based systems. 
systems. 

3. AdditIOnal energy IS required 
3. The material produced IS to produce the calclOed 

stable, nonflammable and cementltlouS material. 
non bIOdegradable. 
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COMPARISON OF FIXATION TECHNIQUES (Cont'd) 

Process Advantages Disadvantages 

Self-cementing 4. 
(Cont'd) 

There are reports of effective 
heavy metal retentIOn 

4. The process requires skilled 
labour and expensive machin­
ery In calcining waste and 
mixing the calcined waste 
with additives to produce 

perhaps related to chemical 
bonding of potential 
pollutants (12). 

the fixed waste. 
5. These systems do not require 

completely dry waste. The 
hydratIOn reactIOn uses up 
water. 

------------ ----- ---------
Based on references 2 and 3 (See OTHER OAT A) 

AVAILABILITY AND COMMERCIAL INFORMATION -

Chemflx, Inc. 
1675 Alrlane Highway 
Kenner, LA 70063 
U.S.A. 
Telephone (504) 729-4561 
Contact: Mr. Bentley B. MacKay, 
President 

Dow Chemical Co. 
2020 Dow Center 
Midland, MI 48640 
U.S.A. 
Telephone (517) 636-1000 
Contact: Mr. Harold E. FJlter 

Dravo Lime Co. 
650 Smithfield St. 
Pittsburgh, PA 15222 
U.S.A. 
Telephone (412) 566-4444 
Contact: Mr. C.J. McCormick 

Environmental Technology Corp. 
SUite 200 
1517 Woodruff Street 
Pittsburgh, PA 15220 
U.S.A. 
Telephone (412) 431-8586 
Contact: Mr. Albert R. Kupiec, V.P. 

I.U. ConverSIOn Systems, Inc. 
115 Glbralton Road 
Horsham, PA 19044 
U.S.A. 
Telephone (215) 441-5920 
Contact: Mr. Richard W. Patlon, 
IndustrIal Sales Manager 

TJK Inc. 
7407 Fulton Avenue 
North Hollywood, CA 91605 
U.S.A. 
Telephone (213) 875-0410 
Contact: Masaakl Endo, General Manager 

OntarIo LIqUId Waste Disposal, Ltd. 
or Canadian Waste Technology, Inc. 
160 Torbay Road 
Markham, Ontano 
Canada 
UR IG6 
Telephone (416) 495-9502 
Contact: DaVid Krofchak, Canadian 
Waste Technology 

Pec Engineer Ing 
Pans, France 

Sludge FixatIOn Technology, Inc. 
227 Thorn A venue 
P.O. Box 32 
Orchard Park, NY 14127 
U.S.A. 
Telephone (716) 662-1005 
Contact: Mr. Richard E. Vallga 

Stabatrol CorporatIOn 
1402 Conshohocken Road 
Nornstown, PA 19401 
U.S.A. 
Telephone (215) 279-3992 

Stab1ex Corporation 
SUite 112 
2 Radnor CorporatIOn Center 
Radnor, PA 19087 
U.S.A. 
Telephone (215) 688-3131 
Contact: Mr. John Scofield 

Washington State Umverslty 
Dept. of Matenal SCience and Englneenng 
PolymeriC Materials SectIOn 
Pullman, W A 99164 
U.S.A. 
Telephone (509) 335-6784 
Contact: R. V. Subramaman 



Note: This company has contracted to 
market the Takenaka Sludge Treatment 
(TST) System (Takenaka Komuten Co., 
Osaka, Japan) m the U.S. 

TR W Systems Group 
One Space Park 
Redondo Beach, CA 90278 
U.S.A. 
Telephone (213) 535-4321 
Contact: H.R. LuboWltz, Staff SCientist 
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Werner & Pfleiderer Corp. 
663 East Crescent Avenue 
Ramsey, NJ 07446 
U.S.A. 
Telephone (201) 327-6300 
Contact: Mr. R.D. Doyle 
(See Entry No. 137) 

Other commercially available solidificatIOn processes Identified but not discussed In the references cited 
mclude: 

Solidification Systemsl Agents (Ref I, p 6 & 36) 

Vendor or Developer (U.S.A.) 

AeroJet Energy Conversion Co. 
Sacramento, CA 

Bitumen 

ANEFCO, Inc. 
White PlainS, NY 

ATCOR, Inc. 
Peekskill, NY 

Brookhaven National Laboratorya 
Upton, Long Island, NY 

Chem-Nuclear System, Inc. 
Bellevue, W A 

Chicago Fly Ash 
(American Admixtures) 
Chlcago,IL 

Consolidated Technology Inc. 
Bellevue, W A 

Delaware Custom Materials 
Cleveland, OH 

Dow Chemical Company 
Midland, MI 

Energy, Inc. 
Idaho Falls, ID 

Estacron International, Inc. 
Winter Haven, FL 

FUJlbeton ASSOCiates 
Washington, DC 

General ElectriC Company 
San Jose, CA 

Hlttman Nuclear & Development Corp. 
Columbia, MD 

John Sexton Contractors 
Oakbrook, IL 

Type 

Cement 
Urea-formaldehyde 

Urea-formaldehyde 

Cement 

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

Cement With organic polymers 

Cement 
Urea-formaldehyde 

N/A 

N/A 

Cement With shale or silicates 

Organic polymer 

Cement 
Urea-formaldehyde 

N/A 

N/A 

Cement 

Cement 
Urea-formaldehyde 

N/A 
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Solidification Systemsl Agents (Cont'd) 

------------------ ---------
Vendor or Developer (U.S.A.) Type 
------------------------------
Lancy Laboratories 

ZelIenople, PA 

Newport News Industrial Corp. 
Newport News, V A 

Nuclear Sources and Services Inc. 

Oak Ridge NatIOnal Laboratorya 
Oak Ridge, TN 

Protect I ve Packaging, Inc. 
Jeffersontown, KY 

SOilonazone 
Chlcago,IL 

South Research Institute 
San Antomo, TX 

Stock EqUipment Company 
Cleveland, OH 

Todd Research and Techmcal Dlv. 
Galveston, TX 

United Nuclear IndustrIes 
Richland, WA 

Umted Technologies 
Sunnyvale, CA 

Wehran Engmeermg Corp. 
Middletown, NY 

Westmghouse Electric Corp. 
Pittsburg, PA 

N/A 

Bitumen 

N/A 

Cement with additives 

Urea-formaldehyde 

N/A 

N/A 

Cement 
Urea-formaldehyde 

Cement 

Cement with sodIUm silicate 
Urea-formaldehyde 

Organic polymer 

Cement With vermiculIte 

aNoncommerclal applIcatIOns; N/ A = Not Avaliable 

OTHER DATA 

---------------------- -------
Commercial Fixation Processes Described in Volume I 

Process 

Volume ReductIOn and SohdlficatlOn 
System (See Entry No. 137) 

Poz-O-Tec 

Terra-Tlte Process 

Terra-Crete 

EncapsulatIOn Studies for U.S. 
EPA 

Vendor 

Werner & Pfleiderer Corp. 

I.U. ConversIOn Systems, Inc. 

Stabatrol Corporation 

Sludge FixatIOn Technology, Inc. 

TR W Systems Group 
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Commercial Fixation Processes Described in Volume 1 (Cont'd) 

Process 

Polyester Encapsulation 

Chemflx Process (See Entry No. 134) 

Calc!lox 

Petnflx 

Polyvmyl Encapsulation 

Sealosafe 

SIlIcate Process 
(CanadIan Patent No. 1024277) 

References: 

Vendor 

Washmgton State University 

Chemflx, Inc. 

Dravo Lime Co. 

Pec Engmeermg 

Dow ChemIcal 

Stablex CorporatIon 

Ontano LIqUid Waste DIsposal Ltd. 
(CanadIan Waste Technology, Inc.) 

Protective Barners for Contamment of TOXIC Materials, (R. Fung, ed.) Noyes Data 
CorporatIon, Park RIdge, New Jersey, pp. 269-288 (1980). 

Robert B. POlasek, "SolId-waste dIsposal: SolIdIficatIon", ChemIcal EngmeerIng (August 13, 
1979). 
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CONCEPT BENTONITE/CEMENT FIXATION PROCESS No. 133 

APPLICABILITY Gas Liquid Soltd 
Sol FI Sk Sol FISk 

* * 

DESCRIPTION - A method for converting ltquld and slurry hazardous wastes Into Inert, non-polluting soltd 
substances by absorptIOn, with mlmmal leaching of the absorbed waste to the environment. The wastes are 
absorbed Into and contained by a bentonite/Portland cement mixture. 

OPERATING PRINCIPLE - The bentonite clay acts as a basIc IOn exchange medium In aqueous solutIOn which 
readily absorbs metal IOns and enters Into base exchange with basIC organics extracting them from the 
solutIOn. The Portland cement In the mixture undergoes several reactIOns with water when setting to give 
a physical stabllttlty to the bentonite clay/Portland cement/industrial waste mixture. 

PHYSICAL SPECIFICATIONS - Not available. 

OPERA TING SPECIFICATIONS -

ReactIOn condl tlons: 

0.25 to 30% of the weight of the waste of bentomte clay. 
0.25 to 50% of the weight of the waste of Portland cement. 
pH of the waste: 6 to 11. 
a reactIOn time of 0.5 to 5 hours. 

Can convert waste products resulting from processes such as: pickling, sewage sludge, sulphur dIOXide 
removal system, mining sludges; plating; neutraltzatlOn; oXidation; precIpitation of heavy metals; phYSical 
chemical treatment processes; tannery operations; organic manufacturing; paint and pigment manufactu­
ring; and polymer manufactUring. 

The Inert product formed by thiS method IS used as a sot! substitute which Will support grass growth and 
Will not leach any of the absorbed wastes to the surrounding environment. 

Reference: U.S. Patent 4 149968. 

STATUS OF DEVELOPMENT AND USAGE - Patented concept. Usage not documented for spills of hazardous 
matenals. 

PERFORMANCE - EvaluatIOn data not obtained. 

AV AIL ABILITY AND COMMERCIAL INFORMATION -

Mr. A.R. Kupiec 
EnVironmental Technology Corp. 
SUite 200 
1517 Woodruff Street 
PI ttsburgh, P A 15220 
U.S.A. 
Telephone (412) 431-8586 

OTHER DATA - None obtained. 

Mr. E.D. Escher 
289 Casa Drive 
Pittsburgh, PA 15241 
U.S.A. 
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---------- --------------- - ------ ----- --------- -- ----- -------------------- ----------
PRODUCT CHEMFIX PROCESS No. 134 

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol Fl Sk 

DESCRIPTION - Inorganic chemical additives (cements and soluble silicates) are rruxed with wastes to 
produce a gellmg reaction that IS followed by hardenmg. This process can be applied In fixed installatIOns 
or mobile treatment plants with capacities of 1 000 000 L (264000 U.S. gal) per 10-hour shift. 

DIscharge 
Pump 

OPERATING PRINCIPLE - Soluble sIlicates and silicate setting agents are used to chemically fiX polyvalent 
metal IOns and other liqUid waste products m an mert stable matrix. The process mvolves a two-stage 
reactIOn: m the first stage, the soluble silicates react With metal Ions and other wastes to form msoluble 
metal silicates, etc. and m the second stage, the setting agents undergo reactIOn With the soluble silicates 
to form a gel which entraps and ImmobLlizes IOns, OLls, etc. ThLs gel hardens to a SOLI or rock-like mert 
substance. 

PHYSICAL SPECIFICATIONS - Typical operating umt IS a mobile van 12.2 m (40 ft) long by 2.4 m (& ft) Wide 
contamlng chemical storage as well as metering and mixing equipment capable of process flowrates of 1136 
to 1&93 L/mm 000-500 U.S. gpm) at ambient temperature and pressure. 

OPERATING SPECIFICATIONS - Can treat 21 L/s sludge. Cannot treat wastes contammg certam unspecified 
organic compounds and/or tOXIC anions; however, m some cases, pretreatment Will allow fixatIOn of these 
compounds. 

STATUS OF DEVELOPMENT AND USAGE - ChemfLx-processed wastes have been approved 10 a number of 
U.S. states by regulatory agencies for disposal 10 standard landfill operatIOns and also 10 sanitary refuse 
landfJlls. Commercial use of thiS approach now exceeds 12 years. It has been applied to wastes from the 
petrochemical, steel, chemical, textiles, automotive, refmmg, electrOniCs, electriC utility and metal 
flnlshmg mdustnes as well as experimentally to sewage, pulp and paper effluents, samtary landfIll and 
dredgmg spOIls. 

PERFORMANCE - ExtenSive field testmg was conducted on the stabJllty of the Silicate matrices formed 10 

the process. Leachmg tests were conducted to determine If the heavy metal sLl1cates In the matnx would 
solubilize and escape to the envIronment. Results of thiS testmg showed that the process reduces the long­
term adverse effects of the heavy metals. 
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AUTOMOTIVE PARTS PLANT (Michigan) 

Chemflxed Metal Finishing Waste (5 680 000 Litres Treated) 

Centimetres of Leachate Water 

---

----------------
Constituent (mg/L) Raw Sludge o to 8 8 to 16 

MagneSIUm (Mg) 2300 0.12 <0.10 

Nickel (NI) 1875 0.11 <0.10 

Total Chromium (Cd 2760 <0.10 <0.10 

ZinC (Zn) 870 <0.50 <0.025 

Copper (Cu) 955 <0.05 <0.05 

Iron (Fe) 2160 0.43 0.18 

AVAILABILITY AND COMMERCIAL INFORMATION -

Chemflx Technologies Incorporated 
1675 Airline Highway 
P.O. Box 1572 
Kenner, LA 70063 
U.S.A. 
Telephone (504) 467-2800 

16 to 24 24 to 32 32 to 40 

<0.05 <0.025 <0.025 

<0.025 <0.025 <0.025 

<0.05 <0.05 <0.025 

<0.10 <0.025 <0.025 

<0.025 <0.025 <0.025 

<0.025 0.11 0.19 

OTHER DATA - Chemflx IS a patented process registered with Chemflx Technologies Incorporated. 

References: 

Manufacturer's Literature; U.S. EPA: GUide to the Disposal of Chemically Stabilized and 
Solidified Waste, SW-872, pp. 74 (September, 1980). 
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------------------------
PRODUCT EPS MOBILE PROCESSING AND TRANSFER UNIT No. 135 

----------------- ---- -------
APPLICABILITY Gas LiqUId So!td 

Sol Fl Sk Sol FISk 

-----------------
* * * * * 

DESCRIPTION - These are tratler or truck-mounted mlxmg Units m which hazardous materials can be mixed 
with chemicals (e.g., so!tdlflcatlOn agents, neutraltzmg agents) while bemg transferred to a disposal site or 
stationary factiltles for further processmg. 

AXIAL DRIVE UNIT MIXING BLADES 

TRAILER FRAME 

LOADING HOPPER 

DISHARGE 
HOPPER 

OPERATING PRINCIPLE - Liquid or soltd waste materials are batch-mixed with treating agents or other "co­
disposable" wastes by mlxmg blades mSlde a rotatmg drum slmtlar to a cement mlxmg truck. 

PHYSICAL SPECIFICATIONS - Environmental Processmg Systems (EPS) Inc. manufactures vanous capacity 
trailers and truck-mounted Units as well as Units custom-built to customer specifications. For example, the 
19 m3 (25 yd 3) untt has the followmg specificatIOns: 

Length 
Width 
Height 
Capacity 
Dry Weight 

10.8 m 
2.4 m 
3.9 m 
19 m3 
10 206 kg 

35.5 ft 
8 ft 
13ft 
25 yd 3 
22500lb 

757 L (200 U.S. gal) tank supplted with trader for additIOnal water or !tqulds reqUIred m the mixing drum. 

Tnple reductIOn, self-altgnmg aXial drum dnve. 

Drums and Mlxmg Blades: abraSIOn-reSistant steel, fully butt-welded, mSlde and out. 

Trader Frame: high strength steel with Neway Trader suspension and Grannmg High Lift Pusher 
suspensIOn. 

Extenor of drum and frame pamted with one coat of prtmer plus a ftnlshmg coat of corrOSIOn-resistant 
Imron pamt. 

Wide hopper and drum opening for fast loadmg and unloadmg. 

Hydraultcally-operated chute !tfter with seven pOSitIOn sprmg loaded "pm and lever" type chute swmg lock. 

OPERATING SPECIFICATIONS - Trader Unt ts can be detached and coupled to statIOnary power systems 
(electncally-drlven hydraultc power Unit available as an optIOn). 
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Drum rotation controlled to 0 to 16 rpm. 

Wastes and additives are most conveniently loaded from overhead hoppers or conveyors. 

STATUS OF DEVELOPMENT AND USAGE - Standard and custom-designed Units are marketed for processing 
wastes such as mUnicipal sewage sludge cake, flue dust, asbestos wastes, carbon wastes, and air control 
residues. 

PERFORMANCE - Documented performance with hazardous materials was not obtained. 

AVAILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Michigan Disposal 
P.O. Box 5116 
Dearborn, Ml 
U.S.A. 48128 

OTHER DATA - Stationary waste treatment methods requIrIng mixing, such as fixation (solidification, 
encapsulation), carbon adsorption or neutralization, could be readily adapted to the EPS and other mobile 
mixing Units. 
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PRODUCT TRIPAK LIQUID SOLIDIFICATION COMPOUND No. 136 

APPLICABILITY Gas Liquid SolId 
Sol Fl Sk Sol Fl Sk 

* * * 

DESCRIPTION - A gelling compound used to solIdify organic lIquids for safer handlIng. 

OPERATING PRINCIPLE - Waste organic lIquids are poured Into a drum containing the gelling agent and 
agitated to promote solIdificatIOn. The compound could also be spread over a spill and the resulting solId 
more easIly handled. 

PHYSICAL SPECIFICATIONS -

TRIPAK-I: LIqUId SolIdification System for most organic lIquids. One 208 L (55 U.S. gal) drum 
containing gelling agent. $44.50 U.S. (September, 1983) 

TRIPAK-II: Corrosive Liquid SolIdificatIOn System. One 208 L (55 U.S. gal) drum containing gelling agent 
to solIdify corrosive compounds. $49.50 U.S (September, 1983) 

TRIPAK SolIdificatIOn Media: 22.7 kg (50 lb) bag: $7.50 U.S. (September, 1983) 

OPERATING SPECIFICATIONS - Only compatible lIquids should be solIdified In the same drum, e.g., 
aromatics should be separate from aldehydes. 

STATUS DEVELOPMENT AND USAGE - Widely used by the manufacturer as part of ItS spill cleanup service. 

PERFORMANCE - Use With hazardous materials has not been formally documented. Contact the 
manufacturer. 

AVAILABILITY AND COMMERCIAL INFORMATION - TRIPAK solIdification systems are normally avaIlable 
only through contract services from TRI, but could be sold separately through special arrangements. 

Triangle Resource Industries (TRI) 
14201 Laurel Park Drive 
P.O. Box 370 
Laurel, MD 20707 
U.S.A. 
Wash: Telephone (301) 953-9583 
BaIt: Telephone (301) 792-7507 
Telephone 1-300-638-4440 
Contact: Ruth Elwell 

GSX Service Inc. 
3527 Whukey Bottom Road 
Laurel, MD 20707 

OTHER DATA - TRI IS a full-serVice hazardous materials company, providing emergency spill cleanup and 
recovery, laboratory support, and hazardous materials program management. 
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-------------------------------------------
PRODUCT VOLUME REDUCTION AND SOLIDIFICATION SYSTEM (WPC-VRS) No. 137 

APPLICABILITY Gas Liquid SolId 
Sol Fl Sk Sol Fl Sk 

* * * 11- * * 

DESCRIPTION - The Volume Reduction and SolIdIflCatlOn (VRS) system IS a one-step, non-chemical process 
for treatment of solIds and liqUids. The system removes the water, mixes the materials with asphalt and 
produces an encapsulated solId as an end-product. It was Originally designed for radIOactive wastes, but 
can be made mobile and applied to other hazardous materials. 

AuxIliary 
BOiler 

Primary Process 
Steam Passages 

OPERATING PRINCIPLE - LiqUid hazardous wastes are fed to an extruder-evaporator that evaporates water 
out, while simultaneously mixing and kneedlng the waste salts Into an asphalt binder. Waste salts are 
reduced In size to approximately 20 f.I m and each particle IS indiVidually coated With asphalt Within the 
homogeneous mix. In the process, the volume IS reduced by a factor of five or more. 

The entrained lIquid that IS evaporated up through the steam domes IS recycled back to the plant. The 
homogeneous mix of asphalt and waste IS discharged Into a container for ultimate disposal. The ultimate 
disposal and/or use of the filled container IS the deCiding factor on the configuratIOn and type of container 
that IS used. 

PHYSICAL SPECIFICATIONS -

Complete enclosed system Includes: 

CollectIOn and feed systems, extruder-evaporator component, processing, discharge and containment, 
container handling systems and remote control instrumentatIOn. 

Containers for solId waste: 

Standard 208 L (55 U.S. gal) drums 
1.4 to 13 m3 (50 to 400 ft 3) liners 
Fibreboard containers 
Other speCialty forms 

OPERATING SPECIFIC A TlONS -

Processing capabilIties of 9 to 1 816 kg/h (4 000 Ib/hr). 

RatiO of blnder-to-waste IS predetermined to maintain an end product of 60% waste salts and 40% asphalt 
by weight. 
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Process waste of: Heavy metal, electroplating waste sludges, slurries, evaporator concentrates, radIOacti­
ve wastes, Ion exchange reSinS, chemical drains, sludges, manufacturing residues, etc. 

STATUS OF DEVELOPMENT AND USAGE - Commercially available and marketed to safely dispose of 
radIOactive wastes and hazardous matenals. WPC-VRS systems Installed In Research Centres, Fuel 
Processing Centres and Nuclear Power Plants Include: 

VRS Installations 

CEA, Marcoule, France 
CEA, Cadarache, France 
Karlsruhe, West Germany 
Borssele (PWR), Holland 
Atucha (PHWR), Argentina 
Eurochemlc, Mol, Belgium 
Neckarwesthelm (PWR), West Germany 
AECL, Chalk River, Canada 
Unterweser (PWR), West Germany 
Goesgen (PWR), SWitzerland 
Laguna Verde (BWR), MeXICO 
Japan 
Midland (PWR), UnIted States 
France (Reprocessing Plant) 
Skagit (BWR), UnIted States 
Iran I « II, Iran 

Number of 
UnIts 

2 
I 
2 
I 
I 
I 
1 
1 
1 
I 
2 
2 
1 
1 
I 
2 

Delivery! 
Start-up 
Date 

1965 
1969 
1972-1973 
1974 
1974 
1976 
1976 
1977 
1977 
1978 
1978 
1978-1979 
1978 
1979 
1980 
1980-1982 

PERFORMANCE - Tests for EPA (1978) - JBF SCientific of Wilmington, MA conducted a study for the 
fixation of arsenIC wastes In asphalt; result - asphalt encapsulatIOn process prOVided acceptable end 
products. 

Tests conducted on encapsulation of heavy metals that were absorbed on powdered activated charcoal as a 
black, pasty wet (7096 mOisture) sludge containing Cd, Cr, Cu, Mn, Pb, NI and Zn; leach analYSIS showed 
over 9996 of each of the metals were retained In the asphalt. 

AV AIL ABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Werner « Pfleiderer Corporation 
663 East Crescent Ave. 
Ramsey, NJ 07446 
U.S.A. 
Telephone (201) 327-6300 
Contact: Manager of Hazardous Waste Treatment Systems 

Costs: Costs of treating wastes (by the WPC-VRS System): $20 to $70 per ton (U.S.) 
Total cost (mcludes treating, transportation and bUrial): U.S. $26 to $75 per ton (May, 1980). 
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TYPICAL ANNUAL COST SAVINGS 
(May 1980, U.S. Dollars) 

Case 1* 

WPC-VRS 

Total Waste Input (kg/day) $ 10 886 
Dry Sohds Input (kg/day) 2 722 
Encapsulating Agent (kg/day) 1 814 
Total Waste Out (kg/day) 4 536 

Cost of Binder ($/kg) 0.04 
($/yr) 112 000 

Cost of Container ($/Unlt) 0.75 
($/yr) 8 800 

Utlhty Costs ($/yr) 25 000 

Cost of Transportation 
and Disposal ($/ton) 10 

($/yr) 17 500 ----
TOTAL OPERATING COST ($/yr) $163 300 

TOT AL OPERATING 
SAVINGS ($/yr) $151 700 

------
Alternate 

$ 10 886 
2 722 

N/A 
10 886 

N/A 
N/A 

N/A 
N/A 

N/A 

75 
315 000 -------

$315 000 

Case 2** ----
WPC-VRS Alternate 

$ 1 316 $ 1 361 
544 544 
363 N/A 
907 1 361 

0.04 N/A 
22 400 N/A 

0.75 15 
1 750 53 950 

10 000 N/A 

10 274 
3 500 144 000 ----- ------

$ 37 650 $197 950 

$160 300 

Case 1 IS heavy metals adsorbed on powdered activated charcoal. The present alternate flltercake 
matenal IS hauled off In bulk and sohdtfled at disposer's site. 

.... Case 2 IS arsenic waste from phosphoric aCid production. Waste sludge IS sealed m metal contamers and 
shipped to secure bUrial. 

OTHER DATA - System may be used With remote operation and IsolatIOn for highly tOXIC matenal (e.g., 
radIOactive wastes). 

Reference: Manufacturer's Literature. 
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5.3 Physical/Chemical Methods 

PROTOTYPE ACUREX PCB DESTRUCTION PROCESS No. 138 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

* * 

DESCRIPTION - Prototype. A mobile, batch-process system designed to dechlorinate PCBs and PCB­
contaminated 011 With a proprietary sodium reagent. The system consists of a filter (for large solids), surge 
tank, water filter, reagent tank, reactor tanks, quench tank, a coaleSCing filter, control panel and a lab. 

OPERATING PRINCIPLE - The PCBs or PCB-contaminated transformer 011 enters the system at one end 
where It IS filtered and batch sized. As the oil IS transferred farther downstream, the active sodIUm 
reagent IS added and the mixture allowed to react. After complete destruction of PCBs, the excess 
reagent IS quenched. The PCB-free 011 IS then filtered and returned for reuse. ThiS destruction process 
takes place under an Inert nitrogen atmosphere at ambient temperature. 

PHYSICAL SPECIFICATIONS - The system IS self-contained and mounted on a 10.6 m (35 ft) trailer. 

OPERA TlNG SPECIFICATIONS -

ApprOXimate flow rate of system: 0.3 L/s. 
Operated at ambient temperature. 
Process takes place under Inert nitrogen atmosphere. 

Waste products from system: 
Small amounts of nitrogen and hydrogen With less than I g/mln total hydrocarbon, no measurable PCB 
and no particulates. 
PCB-free oil. 
SodIUm hydrOXide solution containing some sodIUm chlOride. 

Waste transformer 011 containing up to 1000 mg/L PCBs can be treated. 
Gas chromatography analYSIS of effluent determines complete destruction of PCBs. 

STATUS OF DEVELOPMENT AND USAGE - Two mobile Units are currently In operation In the U.S. 

PERFORMANCE - Tests performed for EPA to gain approval and operating permit (9 September 1981) 
indicated that up to 989 mg/L PCBs In 011 were effectively destroyed thiS process; effluent concentration 
> 2 mg/L (detection limit of analYSIS) was achieved and no harmful by-products were produced. 

Treatment of PCBs up to 10000 mg/L has preViously been achieved. 

AVAILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Acurex Waste Technologies, Inc. 
8194 Beechmont Avenue 
Clnclnnatl,OH 45230 
U.S.A. 
Telephone (513) 474-4420 
Contact: Mr. Leo Weitzman 

OTHER DATA - Cost of treatment was estimated to be $3/kg In February 1982. ThiS process IS a 
modification of the Goodyear sodIUm naphthallde reagent process In which the reagent has been replaced 
by a non-priority pollutant which the company regards as a proprietary constituent. 

Reference: Manufacturer's Literature 

M.M. Dillon Ltd., Destruction Technologies for Polychlorinated Biphenyls (PCBs), Report EPS 3-
EC-83-1, EnVironment Canada, Ottawa, Ontario, February, 1983 (July, 1983 reprint). 

Mr. L. Weitzman, personal commUniCatIOn, Acurex Waste Technologies (February 11, 1982) 
(June 14, 1984). 
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CONCEPT THE BROMINATION PROCESS No. 139 

APPLICABILITY Gas liquid Sohd 
Sol FI Sk Sol FI Sk 

* 

DESCRIPTION - A wet OXidatIOn concept effective m the destruction of organics and the separation of 
hazardous metalhc compounds from combustible hazardous matenals. 

OPERATING PRINCIPLE - An organic matenalls reacted with bromme and water at an elevated temperature 
producmg carbon dioxide (which IS punfled and released to the atmosphere), hydrobromic aCid and other 
compounds. These other compounds are formed by the reaction of bromme or water with any metals 
present m the hazardous organic. The hydrobromic aCId formed IS electrolyzed to hydrogen and bromme; 
the hydrogen IS retained for use or IS burned off and the bromme IS recycled to the oXidation step. The 
metal compounds formed are converted to stable salts or free metals which may be disposed of or used In 
some other manner. 

PHYSICAL SPECIFICATIONS - None obtained. 

OPERATING SPECIFICATIONS - ReactIOn run at 250° to 300°C (482° to 572°F). Concentrations of bromme 
and water required for conversIOn of hazardous organics to carbon dIOXide + hydrogen + bromine vary wIth 
the type of organic compound present In the hazardous matenal. Reaction time also vanes with type of 
hazardous matenal. 

STATUS OF DEVELOPMENT AND USAGE - Usage not documented on spills of hazardous matenals. 

PERFORMANCE - Laboratory testmg conducted by the U.S. EPA on the brommatlOn of malathion, copper 
acetate and tnchloroethane splils showed substantial destructIOn of the matenals by thiS method: 

Tests With Copper Acetate 

Tests conducted at 250° and 300°C (48r and 572°F) for 30 minutes With a bromme/copper acetate Initial 
mole ratio 10:1. 

Reaction proceeds as follows: 
CLl (C2H302)2 + 4H20 + 8Br2 4C02 + 14Br + CuBr2 

Vlaxlmum hydrobromIC aCid YIeld (36%) obtamed when the water/copper acetate mole ratIo was 36:1. 

Tests With MalathIOn 

Tests conducted at 300°C for 1 hour With an mltlal bromme/malathlon mole ratio of 40:1. 

Reaction proceeded as follows: 

A hydrobromiC aCid Yield of 88% was obtained With a water/malathIOn mole ratio of 600:1. 

MalathIOn destructIOn was >99.999%. 

A pliot-scale brommatlOn system was constructed and tested for the destructIOn of malathIOn. 

Ptiot-scale system conSisted of: 

an 8 L tantalum-hned autoclave; 
a steam generator for mJectlOn stlrnng; 
valves; 
temperature controls; and 
a pressure gauge. 



Operated at 300°C and 17 000 kPa pressure. 

Results of Pllot-scale Brommatlon Test 

Feedstock 

Temperature 

Duration 

C02 Product 

HBr Product 

50 g, conslstmg of: 
MalathIOn 70 wt % 
Sand 10 wt % 
Humus 5 wt % 
MOisture 5 wt % 

2h 

Expected: 1.06 g-mol 
Found: 1.07:t 0.0 I g-mol 

38 wt % aqueous HBr 
Expected: 6.94 g-mol 
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MalathIOn ReSiduals Gas Phase: Not detected, 0.5 mg/L 
LiqUid Phase: Not detected, 0.5 ~ gIL 

MalathIon Destruction >99.9999% 

The solid reSidue was rmsed With a concentrated aqueous HBr solutIOn. ThiS rmse solution was then added 
to the liqUid phase product. 

Tests With Trichloroethane 

Conducted at 350°C for 1 hour With an Initial bromme/water/trlchloroethane mole ratio of 6:172:1. 

ReactIOn proceeded as follows: 

C2H3C13 + 4H20 + 4Br2 ~ 2C02 + 8HBr + 3HCI 

In all of the tests the organics were destroyed by brormnatlon Yleldmg reactIon end products which are 
eastly treated and disposed of. 

AVAILABILITY AND COMMERCIAL INFORMATION -

Research conducted by: 

Rockwell InternatIonal 
AtomiCS internatIOnal DIVISion 
8900 De Soto Avenue 
Canoga Park, CA 91304 
U.S.A. 
Project DIrector: Mr. A.J. Darnall 

Research sponsored by: 

EPA 
Mumclpal EnVIronmental Research Laboratory 
EdIson, NJ 08817 
U.S.A. 
Contact: Dr. J.E. Brugger 

OTHER DATA - Conceptual engIneerIng studies of the costs of large-scale bromInatlOn systems have been 
completed. 

Cost of $350 ODD/dIsposal umt (May, 1980). 

References: EPA Project InformatIOn Sheets for Hazardous MaterIals SpLll Research, p. 93 (May, 1980). 

Darnall, A.J., Rockwell International: "BrommatJOn Process for DIsposal of Hazardous 
Materials", Proc. 1978 Nat. Conf. on Control ot Hazardous Materials SpIlls, pp. 221-225 (1978). 

Darnall, A.J., Rockwell International: "DIsposal of Hazardous ChemIcal Spliis by the Bromma­
tlOn Process", Proc. 1980 Nat. Cont. on Control of Hazardous MaterIals SpIlls, pp. 411-415 
(1980). 
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PROTOTYPE DEGRADATION BY SUPEROXIDE No. 140 

APPLICABILITY Gas LIquid -
Sol FISk Sk 

... 

DESCRIPTION - A prototype method for converting ahphatlc halogenated organIC compounds to harmless 
substances uSing superoxlde IOn. 

OPERATING PRINCIPLE - An electnc current IS passed through chemical waste In solution, transforming the 
oxygen content Into superoxlde (0'2), a form of the molecule that contains one extra electron. The 
halogenated compounds present are then converted to a harmless form such as carbonates. 

PHYSICAL SPECIFICATIONS - No information available. 

OPERATING SPECIFICATIONS - Superoxlde Ion (0'2) can be generated uSing a controlled-potential electroly­
SIS cell with an air-saturated dimethyl sulphoxlde-tetraalkylammomum chlonde electrolyte. 

Halo~enated waste such as carbon tetrachlonde (CC 14) IS added to the cell, producing carbonate Ion 
(C03 -) and dimethyl sulphone (CH3)2S02)' 

For chloromethane substances, one or more 0'2 Ions per chlonde may be consumed to Yield oxygenated 
products for complete reaction. 

Not sUitable for cleanup of contaminated groundwater. 

STATUS OF DEVELOPMENT AND USAGE - Usage not documented for spills of hazardous matenals. 

PERFORMANCE - CC14, CHC13, CH2C12, CH3Cl and p,pl - DDT react rapidly With superoxlde Ion In 
dlmethylformamlde (DMF) and dimethyl sulphoxlde (CH3)2S0). 

Fastest displacement reactions were observed when CC14 and CHC13 reacted With 0'2 IOn. 

AVAILABILITY AND COMMERCIAL INFORM A TION -

Office of the Board of Patents 
Umverslty of Cahforma 
Systemwide AdmimstratlOn 
491 University Hall 
Berkeley, CA 94720 
U.S.A. 
Telephone (415) 642-5000 
Contact: Mr. M.G. Petit 

LicenSing ASSOCiate 

OTHER DATA - No other informatIOn obtained. 

Reference: 
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PROTOTYPE LARC (LIGHT ACTIV ATED REDUCTION OF CHEMICALS) 
PROCESS 

----------------
APPLICABILITY Gas LiqUid Soltd 

Sol FI Sk Sol FI Sk 

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

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

No. 141 

DESCRIPTION - Prototype. The LARC (Light Activated ReductIOn of Chemicals) process uses ultraViolet 
(UV) Itght and hydrogen to dehalogenate chlOrinated, brommated or IOdmated organics. 

OPERA TlNG PRINCIPLE - The ultraviolet light Initiates a photochemical reaction which, m the treatment of 
PCBs, results m the cleavage of the carbon-chlorme bond and the formation of a carbon-hydrogen bond. 
Degradation products, mcludmg chlOrides and biphenyl, produced dUring the reactIOn are analyzed by gas 
chromatography and the process IS allowed to contmue until the reqUired dehalogenatlOn IS achieved. 

PHYSICAL SPECIFICATIONS - Two LARC reactors were used durmg preltmmary phases of research: 

PERTINENT REACTOR PARAMETERS 

--------------
Number of Lamps 

Capacity--

Light Path Length 

Radiant Energy at Lamp 
Sleeve Surface 

Hydrogen Flow Rate 

Type of Operation 

Tube Unit 

600 mL 

5.33 mm 

36 300 11 W fcm 2 

0.26 L/mm 

- flow through or 
batch recycle 

Pilot Unit 

64 

40 L 

6.35 mm 

29 400 11 W fcm 2 

1.9 Lfmm 

- flow through or 
batch recycle 

-------------------------------------------------
Usmg the single lamp unit, a Varian 3700 gas chromatograph was used for product analysIs along with a 
computer controller/mtegrator In tests conducted on PCBs and Chlordane. 

Column 

PCBs 

3.7 m x 2 mm 1.0. 
glass packed with 
1.5% SP-2250fl.95% 
SP-240 1 on Supelcoport 

Chlordane 
-------- --- -- -----

60 m x 0.75 mm 1.0. 
capillary with SE-54 
bonded phase 

--------------------------------------------
OPERATING SPECIFICATIONS - For the PCB and Chlordane tests: 

Carner 
gas 

Injector temp. 

Detector 

Oven 

PCBs 

N2at 20 mL/mm 

270 0 C 

63NI @ 300 0 C 

180 0 C for 1 minute, 
then programmed at 
10 0 C/mm to 240 0 C 
(hold for 20 mm) 

Chlordane 

He @ 5 mL/mm 
N2 makeup 
@ 50 mL/mm 

270 0 C 

63NI @ 300 0 C 

l80° C for 3 mmutes, 
then programmed at 
6 0 C/mm to 240 0 C 
(hold for 25 mm) 

The UV lamps are low pressure with 95% of their output at 2537Ao. 
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STATUS OF DEVELOPMENT AND USAGE - Laboratory studies have been conducted on chlorinated orgamcs 
extracted from contaminated sOils. These have been used as the basIs for a proposed mobile umt for spill 
response. A process schematic has been produced and the equipment Involved envIsIOned as being mounted 
In a standard trailer. Two extraction umts would be used to remove contaminants from the SOil which 
would then be vacuum stripped of reSidual solvent and returned to the environment. The concentrated 
chlOrinated orgamcs would be stored In a surge tank. 

PERFORMANCE - Laboratory studies have achieved the follOWing results With the Single lamp umt: 

(1) Extraction data for chlorinated organics from soils 

Arodor 1260 

Dry soil Wet soil 

1m tlal concentratIOn (mg/kg) 1 487 486 
Weight of soil (g) 330 330 
Amount removed from soil In 

first extraction (mg/kg) 1 337 268 
Solvent recovered from first 

extractIOn (mL) 320 360 
Amount removed from soil In 

second extractIOn (mg/kg) 1 113 131 
Solvent recovered from second 

extractIOn (mL) 420 410 
Final concentratIOn In extracted 

soil (mg/kg) I 38 50 
Overall extraction efficLency 

(percent) 92 90 

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

1. All concentratIOns based on dry weight of soLI 

(2) Results of the LARC degradation 
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90 

80 

70 

'" 
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10 
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Chlordane 

Dry soil 

724 
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37 

95 
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90 
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AVAILABILITY AND COMMERCIAL INFORMATION - InformatIOn on the LARC process can be obtained 
from: 

Developer: 

Atlantic Research Corporation 
5390 Cherokee Ave. 
Alexandria, VA 22314 
U.S.A. 
Telephone (703) 642-4000 
Contact: Ms. J.F. Kitchens 

Manager, Environmental SCiences and Engineering DIvIsIOn 

Cost Estimates (pubhshed April 1984): 

At an average PCB soll concentratIOn of 1500 mg/kg, total costs (including capital expenses, dally 
operating costs, labour, analytical work, travel, per diems, and profit) were estimated to be $84.60 
(U.S.)/ton of soll. 

OTHER DATA - References used In the compilation of this entry should be consulted for additional 
informatIOn: 

References: Kitchens, J.F., B.L. Anspach, L.B. Mangoba, and E.A. Kobylinski, "Cleanup of Spilled Chlorinated 
Organics With the LARC Process", Proceedings of the 1984 Hazardous Materials SpillS 
Conference, Nashvllle, TN (April 9-12, 1984). 
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CONCEPT MODAR SUPERCRITICAL WATER OXIDATION PROCESS 

APPLICABILITY Gas LIquid 
Sol FI 

* * 

Sk 

* 

Solid 
SoFI Sk 

Note: Applicable to liquids and solutIOns of soluble solids. 

No. 142 

DESCRIPTION - Concept. The MODAR process destroys hazardous organIC materials by their oXidatIOn In 

water In Its supercrltlcal state (SCW) . 

.------0· FEED 

...... -----[0.) MAKE UP WATER 

FEED 
SLURRY 
TANK 

PRESSURIZING 

FEED 
PUMP 

HEATING 

EDUCTOR 

SUPERHEATED SCW 
HIGH 
PRESSURE STEAM 
(WITH C02+ N2) n..----_-....lI..--'-_H 
.---........,'---..1 

AIR 
OR 

OXYGEN 

OXIDANT 
COMPRESSOR 

DECOMPOSITION 

OXIDIZER 

OPERATING PRINCIPLE - Hazardous materials are slurrted With makeup water to a mixture of 5 to 10% by 
weight. The slurry IS pressurized and heated to supercrltlcal conditIOns (I.e., above 374°C and 22 100 kPa). 
Heating IS achieved by mlxmg the slurry With treated supercrttlcal water. Durmg a reSidence time of less 
than one mmute m the tubmg before the oXidizer, organics are converted to combustible gases (e.g., CO, 
H2, CH4) and volattle Ilqulds (e.g., furans, furfurals, alcohols, aldehydes); and morganlcs are converted to 
morganlc salts. (Some base IS added so that anions Will salt out.) Air or oxygen mtroduced through the 
OXidizer IS completely miscible m the supercrttlcal solution, allowmg for a rapid, exothermiC oXidatIOn 
reactIOn to occur. For feeds of greater than 5 % organics by weight, the heat of combustIOn IS suffICient 
to raise the OXidizer effluent to at least 550°C. Above 500°C, the solubility of morganlc salts IS extremely 
low and therefore readily separated as a solid slurry. The fmal superheated SCW (contammg some C02 and 
N2) IS avatlable for preheatmg the feed to the OXidizer, power generation, or use as high-pressure steam 
(>500°C, 25500 kPa absolute (>900°F, 3700 pSla». 

PHYSICAL SPECIFICATIONS - Only a bench-scale system has been developed for testmg. The reactor was 
constructed from Hastelloy C-276 With an mSlde diameter of 22.3 mm (0.88 m) and a length of 61 cm (2 ft) 
and processed 4 L/day (l U.S. gal/day). 
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OPERATING SPECIFICATIONS - Not available. 

STATUS OF DEVELOPMENT AND USAGE - The Modar process IS based on research by Dr. Michael Modell 
and co-workers In 1975. The company Modar was formed In 1980 to develop and commerClahze the SCW 
oXidation process. To date, only bench-scale tests have been reported. Pilot plant tests were scheduled for 
1982-83. 

PERFORMANCE - Bench-scale tests sponsored In 1981 by the U.s. Army Medical Bioengineering Research 
and Development Laboratory and the EPA's Office of Research and Development showed >99.99% 
destructIOn was obtained for a variety of organic chlOrides. 

Summary of Results: Oxidation of Organic Chlorides 

Run No. 

ReSidence Time (min) 

Carbon AnalysIs: 
Organic Carbon In (ppm) 
OrgaOlc Carbon Out (ppm) 

Destruction Efficiency (%) 
Combustion Efficiency (%) 

Gas CompositIOn: 
02 
C02 
CH4 
H2 
CO 

ChlOride AnalYSIS: 
Organic ChlOride In (ppm) 
Organic ChlOride Out (ppm) 
Organic ChlOride Conversion (%) 

11 

1.1 

26700 
2.0 

99.993 
-roo-

25.58 
59.02 

876 
.023 
99.997 

12 

1.1 

25700 
1.0 

99.996 
-roo-

32.84 
51.03 

1266 
.037 
99.997 

13 

1.1 

24500 
6.4 

99.975 
-roo-

37.10 
46.86 

748 
<.028 
99.996 

14 

1.1 

38500 
3.5 

99.991 
-roo-

10.55 
70.89 

775 
.032 
99.996 

Destruction Efficiency = Organic Carbo~ IN - Organic Carbon OUT X 100 
Organic Carbon IN 

15 

1.3 

33400 
9.4 

99.97 
TOO 

19.0 
70.20 

481 
.036 
99.993 

Organic ChlOride Conversion = OrganiC ChlOride IN - Organic ChlOride OUT X 100 
Organic ChlOride IN 

Composition of Feed Mixtures 

Run 11 
DDT 
MEK 

Run 12 
1, 1, I-trIchloroethane C2H3C13 
1,2-ethylene dichlOrIde C2H2C12 
1, 1, 2, 2-tetrachlorethylene C2C14 
o-chlorotoluene C7H7Cl 
1,2,4-trIchlorobenzene C6H 3C13 
Biphenyl C 12HlO 
o-xylene C8HlO 
Methyl Ethyl Ketone (MEK) C4H80 

wt % wt % Cl 

4.32 
95.68 

100.0 

1. 01 
1. 01 
1.01 
1. 01 
1. 01 
1.01 
5.44 

88.48 

100.0 

2.133 

2.133 

0.806 
0.739 
0.866 
0.282 
0.591 

3.284 
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Composition of Feed Mixtures (Cont'd) 

_________ ~~ _____ ~!_9§_~ ___ _ 

Run 13 
Hexachlorocyclohexane C6H6C6 
DDT C14H9Cl5 
4,4'-dlchloroblphenyl C 12HgCl 
Hexach1orocyclopentadlene C 5CI6 
Methyl Ethyl Ketone (MEK) C4H80 

0.69 
1.00 
1.57 
0.65 

96.09 

0.497 
0.493 
0.495 
0.505 

100.0 1. 99 

Run 14 
PCB 1242 C12HxC1 4_6 0.34 
PCB 1254 C12HxC1 5-8 2.41 
Transformer 011 C 1 o-C 14 29.26 
Methyl Ethyl Ketone (MEK) C4H80 67.99 

100.0 

Run 15 
4,4'-dlchloroblphenyl C 12H8Cl 3.02 
Methyl Ethyl Ketone (MEK) C4H80 96.98 

100.0 

AVAILABILITY AND COMMERCIAL INFORMATION-

Manufacturer: 

Modar Incorporated 
14 Tech Circle 
Natick, MA 01760 
U.S.A. 
Telephone (617) 655-7741 
Contact: Mr. Michael Modell, President 

0.14 
1. 30 

1.44 

.96 

0.96 

The MODAR SCW OXidatIOn Process IS patented under U.S. Patent No.4 113 446, Sept. 12, 1978. 

OTHER DATA - Cost estimates for large-scale faclhtles are difficult to determme from bench-scale systems. 
Tentative estimates 10 1981 of the capital cost for a 10 000 L/day system were approximately $5 200 000 
(U.S.) With processmg costs of $0.13 to 0.53 mmlmum for each kg of orgamc Itquld destroyed. These costs 
could decrease when pllot plant results are considered along With the potential energy source of the process 
effluent. 

References: Modell, M. et al., "Supercrttlcal Water: Testmg reveals new process holds promise," Sohd Wastes 
Management. 76, pp. 26-30 (August, 1982). 

Destruction Technologies for Polychlormated Biphenyls (PCBs), prepared by M.M. Dillon Ltd., 
Toronto, for the Waste Management Branch, EnVironment Canada, Reprtnt July, 1983, Report 
No. EPS 3-EC-83-1. 

Also see reference under "PERFORMANCE" 
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PROTOTYPE NaPEGm SYSTEM No. 143 

APPLICABILITY Gas LIquid Sohd 
Sol FI Sk Sol Fl Sk 

* 

DESCRIPTION - A prototype for dechlorinating PCBs uSing a sodlUm polyethylene glycol (NaPEG)m reagent. 

OPERATING PRINCIPLE - The NaPEGm reagent IS added to PCB-contamlnated materials on a batch-process 
basIs. The mixture IS allowed to react under ambient conditIOns without the need for an Inert atmosphere. 
After destruction of PCBs, excess reagent IS neutrahzed and the reaction by-products are removed. 

PHYSICAL SPECIFICATIONS - No specific informatIOn available. The process Involves equipment normally 
avatlable for batch operatIOns: tanks, transfer pumps, mixing chambers, diaphragm control valves, plpmg 
constructIOn of compatible material, etc. 

OPERATING SPECIFICATIONS - The sodiUm polyethylene glycol reagent IS made by addmg sodium to 
polyethylene glycol at about 100°C (212°F) With stlrrmg. The reactIOn will not take place If oxygen is 
absent from the system. The amber reagent IS produced almost Immediately With the evolutIOn of heat and 
hydrogen. 

Stable for up to two years when stored at room temperature. 
InsenSitive to air or water and contams no metalltc sodium. 
Operating temperature during PCB destruction: from ambient to 125°C (257°F). 

A batch plant can be constructed from readily available components such as: steel tanks, plpmg, heaters 
and chemical process pumps. A stirrer, controller or speCifiC duty pump may have to be purchased. 

ReactIOn by-products Include sodiUm chlonde, non-toxIc organic compounds and decontaminated matenal. 

ConcentratIOns of PCB In contammated materials that may be treated, range from trace levels to 10096. 

STATUS OF DEVELOPMENT AND USAGE - The NaPEGm reagents have been pnmarlly applied to the 
destruction of PCBs and the decontammatlOn of PCB-contammg oils. They can more generally be apphed 
to treat halogenated materials. The 1982 draft versIOn of thiS survey mdlcated the follOWing areas In 
which the NaPEGm method was used on a trial baSIS: 

dehalogenatlOn of dielectriC flUids and oIls contammated With organochlorldes; 
reclamatIOn of 011 after decontaminatIOn; 
decontaminatIOn of spills on porous and non-porous surfaces; they can be sprayed on spill reagent areas 
and allowed to react over an extended period; the excess can be taken up by the soil components or 
neutrahzed; products of reactIOn can be decomposed by normal bactenal actIOn; and 
reclamation of contaminated condensates after decontammatlOn. 

The 1982 survey also referred to other potential apphcatlons: 

destructIOn of pestiCide and herbiCide reSidues; 
destructIOn of certain chemical warfare agents containing chlorine or phosphorus; and 
pUrificatIOn of effluents from chemical plants. 

A licence for the onglnal NaPEGm process was granted by the U.S. EPA RegIOn III In October 1982 and has 
since been Similarly approved by the EPA In several other regIOns. The Franklin Institute has now modified 
the onglnal process to Improve ItS economics (on a cost per Untt volume baSIS) while still meeting U.S. EPA 
requirements. EPA approval on a natIOnal baSIS for thiS modified process will be sought now that tests 
have been successfully completed at the Philadelphia ElectriC Company by the Franklm Institute. 

PERFORMANCE - Earher laboratory tests have shown that the NaPEGm reagents have reduced PCBs to "zero 
detectable" In a matter of hours. 

The more recently conducted evaluatIOn program has venfIed the effectiveness of the modified process on 
a more practical baSIS at the Phlladelphla ElectriC Company. 
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AV AILABILITY AND COMMERCIAL INFORM A nON -

Manufacturer: 

Franklin Institute Research Laboratory, Inc. 
20th and Race Street 
Philadelphia, P t\. 19103 
U.S.A. 
Telephone 448-1370 
Contact: Mr. David M. Kyllonen 

OTHER DATA - Process can be adapted easily and inexpensively to requirements of either a portable or 
stationary batch plant. 

The Franklin Institute can supply NaPEG'" reagents to those capable of processing their own oils for 
cleanup and/or reclamatIOn on-site USing relatively simple equipment. 

Use of reagents to decontaminate solids, including soils, has also been investigated at a restricted-access 
dump In Rhode Island and at a contaminated waste site In WI, U.S.t\.. 

NaPEG'" reagent IS standardly available In two forms: 
NaPEG'" 200 - PEG 200 mixture 
NaPEG'" 400 - PEG 400 mixture 

NaPEG'" has a shelf-hfe In excess of two years, IS not sensitive to small quantities of air or water, and 
containS no metalliC sodIUm. 

References: M.M. Dillon Ltd., "Destruction Technologies for PolychlOrinated Biphenyls (PCBs), EnVironment 
Canada, EPS 3-EC-83-1 (February, 1983). 

Franklin Institute Research Laboratory Inc. "The Franklin Institute's ChemICal Method for 
DetoxifYing PolychlOrinated Biphenyls (PCBs) and Other TOXIC Wastes." 

Mr. DaVid M. Kyllonen, personal commUniCatIOn, Franklin Institute Research Laboratory, Inc. 
(June 18, 1984). 
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PRODUCT PPM INC. MOBILE PCB DESTRUCTION PROCESS No. 144-

------------- - ------------ ---------
APPLICABILITY Gas Liquid Solid 

Sol FI Sk Sol FI Sk 

* 

DESCRIPTION - A mobile chemical process for treating PCB-contaminated transformer Oil. 

OPERATING PRINCIPLE - Contaminated transformer 011 IS pretreated to remove water, air and other 
unpurltles which may Interfere With the reacting agent; a proprietary organo-sodlUm reagent. PCBs and 
other chlorinated hydrocarbons are converted to end products of sodIUm chlOride, hydrogen and a 
potyphenylene polymer. The latter IS a solid free of PCBs and can be disposed of by accepted methods. 

PHYSICAL SPECIFICATIONS - Process equipment mounted on a 12 m (4-0 ft) trailer. Umt contained m a 4-54-0 
L (1200 U.S. gal) spill pan. 

OPERATING SPECIFICATIONS - Approximately one 208 L (55 U.S. gal) barrel of polymer IS generated for 
every 4-0000 L (10 600 U.S. gal) of Oil treated. 

STATUS OF DEVELOPMENT AND USAGE - CommerCially available from the manufacturer. The process was 
perrmtted to operate In all U.S. EPA reglOns, except Region IX, as of June 1983. One umt has been 
operated In Regma, Saskatchewan since January 1982. 

PERFORMANCE - EnVironment Canada tests showed the PPM process reduced PCB levels from 260 ppm to 
less than one ppm for 23 000 L (6000 U.S. gal) of PCB-contaminated tranformer oil stored In Regma, 
Saskatchewan during 1982. 

AV AILABILITY AND COMMERCIAL INFORMATION -

Manuf acturer: 

PPM Incorporated 
Central Avenue 
Kansas City, Kansas 66118 
U.S.A. 
Telephone (913) 621-4-206 
Contact Mr. Denms Tapsak, V.P. 

or 1875 Forge St. 
Tucker, GA 30084-
U.S.A. 
Telephone (4-04-) 934--0902 
Contact: Mr. LOUIS Centofanti 

OTHER DATA - Refer to the latter reference listed above for mformatlOn regarding other PCB destructlOn 
techmques. 

References: "Georgia fLrln successfully destroys PCBs In Canada," Hazardous SpLits Intelligence Report, p. 8 
(June 3, 1983). 

DestructlOn Technologies for Polychlorinated Biphenyls (PCBs), prepared by M.M. Dillon Ltd., 
Toronto, Ontario, for the Waste Management Branch, EnVironmental ProtectlOn Service, 
EnVironment Canada, Report No. EPS 3-EC-83-1 (July, 1983). 
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PRODUCT SUNOHIO PCBX PROCESS No. 145 

APPLICABILITY Gas liquid Solid 
Sol Fl Sk Sol Fl Sk 

* 

DESCRIPTION - A chemical disposal method that breaks apart and rearranges PCB (polychlorinated biphenyl) 
molecules In waste 011 to form environmentally-safe chemical compounds. This IS a portable process which 
Is self-contained In a trailer. 

OPERATING PRINCIPLE - The process uses a proprietary chemical reagent to striP the chlorine atoms for 
the PCBs In waste 011. 

PHYSICAL SPECIFICATIONS - The PCBX Unit IS housed on a large (I2 m) (40 ft) tractor/trailer rig. 011 
reclaiming equipment and a mobile laboratory are housed on a smaller trailer rig. 

OPERATING SPECIFICATIONS - Reagent used In process cannot treat aqueous solutIOns such as PCB­
contaminated groundwater. 

Two mobile Units operate from any 460 or 230 volt, 60 Hz power source. 

DeSign process capacity for four rigs IS 2.3 m3/h (80 ft 3/h) of transformer 011 at a nominal 2000 ppm PCB 
kill. One of five rigs has slightly higher processing capability. 

Spill pans leadlOg to emergency reservOirs are capable of holding one hour of full process flow. 

STATUS OF DEVELOPMENT AND USAGE - Recent Improvements to the PCBX process have Included 
redUCing set-up time from 19 hours to 4 hours for some rigs. Insofar as EPA approval IS concerned, the ten 
EPA deSignated regIOns currently have various stipulations for the PCB X process that range from no 
limitatIOn to 2500 ppm PCBs In the waste being treated as well as, In some cases, limits on feedstock In the 
reactor loop. A demonstration IS being planned by SUNOHIO for EPA In July or August 1984 With 10000 
ppm as the target for a national permit (to be Issued at a later date). 

PERFORMANCE - Testing conducted by SUNOHIO and verified by the U.S. EPA indicated that the PCBX Unit 
could cleanse "typical transformer 011" contaminated With 255 ppm of PCBs to a level of 1 ppm after 
Single-pass treatment. 

Askarel has been treated at a rate of 150 L/mln to a PCB content of 7 ppm In the working flUid from a 
level of 4400 ppm. 

In a test conducted from Region V, U.S. EPA In May 1982, transformer 011 containing 1760 ppm PCBs was 
reduced to the hmlts of detection In three passes. 

As of May 1982, about 1 900 000 L of contaminated 011 had been treated commercially. 
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AVAILABILITY AND COMMERCIAL INFORMATION -

SUNOHIO Company 
1700 Gateway Boulevard South East 
Canton,OH 44707 
U.S.A. 
Telephone (216) 452-0838 
Contact: Dr. Ralph Cooper 

OTHER DATA - SUNOHIO, the developer of PCBX, IS a partnership of Sun Company and OhIO Transformer 
Corporation. The company operates flve mobile rigs In the U.S. 

CapabIlity of the PCBX process can exceed 10000 ppm although this depends upon the nature of the waste; 
generally, at higher levels It IS not as economical. Therefore practical economic limitations as well as 
regulatory lImitatIOns are examined In concert with the waste In question and clIent needs when a rig IS 

bemg considered for use. 

References: Dr. Ralph Cooper, personal commUniCation, (June 19, 1984). 

M.M. Dillon Ltd., "Destruction Technologies for Polychlormated Biphenyls (PCBs), EnVironment 
Canada, Report EPS 3-EC-83-1 (February, 1983). 

"EPA Regions IV and VII approve SUNOHIO Chemical PCB Degradation Process", Hazardous 
Materials Intelligence Report, pp. 8 (May 29, 1981). 
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PROOUCT WESTGATE UL TROX (UV-OXIDIZER) PROCESS No. 146 

APPLICABILITY Gas Liquid Soltd 
Sol FI Sk Sol FISk 

Note: Appltcable to solutIOns of organic ltqulds and soluble soltds which are low m suspended soltds. 

DESCRIPTION - Compact, modular reactor Units m which oXldlzmg agents (e.g., ozone) are enhanced by 
ultraviolet (UV) radiation to remove organic, organometalltc and reduced morganlc compounds from 
solutIOns. 

OZONE IN , POWER SPENT OZONE 
CONDUIT OUT 

~ 

'--.." 
OZONE DIFFUSERS 

..... PURIFIED 
WATER 
OUT 

OPERATING PRINCIPLE - The effective OXidatIOn power of ozone IS enhanced by UV radiation which IS 
hypotheSized to either photodecompose the orgamc compounds to more reactive "free radIcal" species or 
Simply activate them. In the UL TROX process, the contammated waste water flows between UV ltghts 
(slmtlar to fluorescent lamps) m a series of compartments, from the bottom of whIch ozone IS sparged to 
react with the contammants. Unused ozone IS separated (and decomposed) from the purified effluent which 
contams mostly end products of water, carbon dIOXide and small amounts of mtermedlates (e.g., acetic and 
oxaltc aCids). 

PHYSICAL SPECIFICATIONS - Westgate has developed Units from bench-scale to full-scale; up to 400 L/mm 
(150 000 U.S. gpd) (Model F 11 02-1 00). A portable, skId-mounted pilot plant (Model P-602) IS avadable for 
testmg and economIC feaslblltty evaluations. 

Model P-602 Pilot Plant 

Length m (ft) 
Width m (ft) 
Height m (ft) 

Reaction Vessel: 

13.7 (45) 
8.5 (28) 

13.7 (45) 

280 L (75 U.S. gal) wet volume 
304 stamless steel, passIvated and electropoltshed to reduce chemical corrosion and mcrease UV 
reflectIVity. 
uses up to 30 forty watt G36TGL, low pressure UV lamps. 
ozone ceramic sparger. 
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Feed Pump: 

Gear type, seal-less magnetic pump. 
0.7 to 7.6 L/mm (0.2 to 2 U.S. GPM) for vessel retention times of 37 to 375 mm. 

Westgate proposed a preliminary design for a 227 000 L/day (60 000 U.S. GPD) ozone/UV single stage 
multlcompartment unit transportable on a flatbed trailer. 

Length m (ft) 6.4 (21) 
Width m (ft) 2.1 ( 7) 
Height m (ft) 1.6 ( 5) 
Stainless steel construction. 
Sized for one hour detention time. 
336 40 watt UV lamps. 
91 kg/day (200 Ib/day) ozone generator. 

Weight: about 9070 kg (20 000 Ib), including wastewater pump, air compressor, ozone generator, reactor, 
and catalytic ozone converter. 

Power: 125 kW diesel generator 
22 kW for lights 
83 kW for ozone generator 

Diesel Generator: 

Length m (ft) 
Width m (ft) 
Height m (ft) 
Weight kg (lb) 

2.5 (8.3) 
0.9 (2.8) 
1.3 (4.3) 
450 (1000) 

OPERATING SPECIFICATIONS - Ozone has been employed most often With ultravIOlet light, but other 
feasible OXidizers Include hydrogen peroxide, chlorine dioxide, and chlorine. 

Estimated operating and mamtenance costs for UL TROX oXidatIOn are: 

Ozone OXidation 

Air supplied generators: 12.1 to 16.5 kWh/kg of ozone 
Compressor for air: 5 kWh/kg of ozone 
Oxygen supplied generators: 6.4 to 8.4 kWh/kg of ozone 

Hydrogen Peroxide OXidatIOn 

Approximately $1.32/kg of H202 (U.S. 1982) 
(No operating data were obtained regarding chlonne dIOxide or chlonne.) 

UV Lamps 

Approximately 75 watts/lamp. 

In general, the UL TROX process requires little operator attendance when running continuously or 
intermittently. 

STATUS OF DEVELOPMENT AND USAGE - Westgate has been developing the UL TROX process since 
approximately 1975. Bench-scale and pilot-plant Units are available for clients Wishing to investigate the 
feaSibility of the process. Full-scale plants have been developed for treating cyanide and organic 
wastewaters from a tool company, photographic and metal plating waste from a U.S. Army ammunitIOn 
plant, and a mixture of cyanide and organic nitrogen wastes from a fmn In France. The feaSibility of the 
UL TROX has also been demonstrated for treating PCB-contaminated waters from a capaCitor fabrication 
plant and the "pink water" of a U.S. ammunitIOn plant. 
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List of Organics Determmed to be Economically 
__ T~ea!.able_~Ltl1~_ td...L TROX 03[tdY_ Process 

Acetaldehyde 
Acetic ACid 
Alcohols 
Aldrin 
Ammes 
Anisole 
BenzoIc ACid 
Chelatmg Compounds 
Chlormated Phenols 
Glycme 
Glycols 
HydroquInone 
Kepone 
Methylene Chloride 
Nitrobenzene 
Nltrophenol 
Organic Phosphates 
Organosulphur Compounds 
Organo-Tm Compounds 

Chlorobenzene 
Detergents 
Dledrm 
Dloctylphthalate 
EndrIn 
Ethylene dichloride 
Formaldehyde 
Formic ACId 
Glycerols 
PCBs 
Phenol 
Phthalic ACid 
RDX 
Sodium Acetate 
Styrene 
Sugars 
TNT 
Vmyl Chloride 
Xylenol 

PERFORMANCE - Contammants m groundwater and mdustrIal effluents mcluded: 

Industrial Effluents 

Pentachlorophenol 
Phenol 
Methylene chloride 
Glycerme 
EDTA 
Formic ACid 
TNT 
RDX 
Dloctylphthalate 
SodIUm gluconate 

PCBs 
Dimethyl furan 
Formaldehyde 
Photoresist solutIOn 
Isopropanol 
Acetone 
HydroquInone 
Detergents 
Toluene 
Xylene 

Groundwater 

Dllsopropylmethyl phosphonate (DIMP) 
Dlcyclopentadlene (DCPD) 
Pentachlorophenol (PCP) 
Tetrahydrofuran 
I, I, I-Trichloroethane 
Trichloroethylene 
Tetrachloroethylene 
Freon-I 13 

Typical Pilot Plant Operating Conditions and Treatment Results 

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

Type of 
Wastewater 

Pmk Water 

Groundwater 

Industnal 

Groundwater 

IndustrIal 
---

Influent 
AnalysIs 

70 mg/L TOC 
76 mg/L TNT 

2.6 mg/L DIMP 

50 ~g/L PCB 

Effluent 
AnalysIs 

5 mg/L TOC 
1 mg/L TNT 

12 mg/L DIMP 

<1 niL PCB 

No. 
of 

Residence Wastewater OXidant UV 
Lamps Time Flow Rate Dosage 

(mm) (L/mIn) 

177 3.8 190 mg03/L 29 

95 3.8 105 mg03/L 29 

130 2.0 50 mg03/L 15 

500 mg/L DBCP <5 mg/L DBCP 100 2.6 1000 mgH202/L 29 

250 mg03/L 30 3000 mg/L PCP 1.4 mg/L PCP 88 3.0 

The following specifications were given for an UL TROX process to treat PCB wastes for General ElectrIc 
In Hudson Falls, NY based on pilot-plant tests made on site between September and November 1978. 
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Deslgn SpeclficatlOns, Capltal, and O&M Costs for 150 and 570 m3/day (4000 and 
150 000 GPD) UL TROVOX® Treatment Plants 

Design Speciflcations 

Reactor: 

DlmenslOns, Lx W x H m 
(ft) 

Wet Volume m3 
(US G) 

UV Lamps 

Number of 65 W lamps 
Total Power, kW 

Ozone Generator: 

DlmenslOns, ft (H x W x D) 

Ib 03/day 

Total Power, kW 

Total energy requlred 
(kWh/day) 

Capital Costs ($U.S., 1978): 

Reactor 

Generator 

Total 

150 m3/day 
Automated System 

4.9 x 2.4 x 1.5 
(16 x 8 x 5) 

15 
(3950) 

378 
25 

5.5 x 6 x 4 

17 

7 

768 

150 m3/day 

$ 94 500 

30 000 

$124 500 

O&:M CostslDay ($U.S., 1978) 

Ozone GeneratlOn Power $ 4.25 

UV Lamp Power 15.00 

Mamtenance 
(Lamp Replacement) 27.00 

Equlpment AmortlzatlOn 
(10 yrs @ 10%) 41.90 

Mom tonng Labour 85.71 

Total/Day $173.86 

Costs per 3800 L (1000 U.S. gal) 

(wlth momtormg labour) $ 4.35 

(wlthout momtonng labour) $ 2.20 

570 m3/day 
Automated System 

8.5 x 4.3 x 1.5 
(28 x 14 x 5) 

56 
(I4 800) 

1179 
80 

8 x 6 x 10 

63 

26 

2544 

570 m3/day 

$225 000 

75 000 

$300 000 

$ 15.60 

48.00 

84.20 

97.90 

85.71 

$331.41 

$ 2.21 

$ 1.64 



STATUS OF DEVELOPMENT AND USAGE-

Manufacturer: 

Westgate Research CorporatlOn 
1931 Pontius Ave. 
West Los Angeles, CA 90025 
U.S.A. 
Telephone (213) 473-4541 
Contact: Mr. Jack Zeft 
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OTHER DATA - The estimated total capital cost for the proposed mobile UV /ozone UL TROX Unit and diesel 
electric generator were approximately $265 000 and $20 000 (U.S., 1979), mcludmg anctllary eqUipment (air 
compressor, ozone generator, reactor with UV lamps, catalytic converter, wastewater pump, piping and 
valves), englneermg and mstallatlOn fees. 

Houston Research, Inc. (Houston, TX) offers a multistage UV /ozone reactor compared to the smgle-stage, 
multi-compartment design of Westgate. 

References: Arlsman, R.K., R.C. MUSiCk, J.D. Jeff and T.C. Crase, "Experience In Operation of a UV-Ozone 
(UL TROX®) Pilot Plant for DestroYing PCBs m Industrial Waste Effluent", 35th Annual Purdue 
Industrial Waste Conference (May, 1980). 

Ghasseml, M., K. Yu and S. QUinlivan (TRW Environmental Engmeerlng), Feasibility of 
CommerCialized Water Treatment Technl ues for Concentrated Waste S Ills, prepared for U.S. 
EPA, Report No. EPA -600 2-81-213 NTIS PB82-108440 September, 1981 • 
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CONCEPT SODIUM NAPHTHALIDE METHOD FOR DISPOSAL OF PCBs No. 147 

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol FISk 

* 

DESCRIPTION - A conceptual method for chemically converting PCBs to non-toxIc, easily disposed of 
products USing a sodium naphthalIde reagent. 

OPERATING PRINCIPLE - PCB-contamInated 011 IS reacted with sodium naphthalJde under an Inert 
atmosphere and ambient temperature In either glass or steel vessels. 

PHYSICAL SPECIFICATIONS - Not a vallable nor applicable. 

OPERATING SPECIFICATIONS - Sodium naphthalIde IS formed by heating sodium with heat-transfer flUid In 

an Inert atmosphere to 150 to 170°C for 5 to 10 minutes with stirring, cooling, and reacting the resulting 
fine spheres of sodIUm with a tetrahydrofuran solutIOn of naphthalene In heat-transfer flUid at ambient 
temperature to form greenish-black sodIUm naphthalIde. SodIUm naphthalIde IS added to PCB­
contaminated heat-transfer flUid In suffiCient amount to Yield a sodIUm naphthalide reagent/chlorine ratio 
of 5:100. Reaction proceeds at room temperature for one hour and IS then quenched With water. 
Tetrahydrofuran and naphthalene are vacuum-stripped from the quenched reagent for recycling. Reaction 
Yields heat-transfer flUid containing < 1 mg/L PCBs. Remaining "pot residue" consists of non-halogenated 
polyphenyls, which can be burned, and sodium chlOride. Not sUitable for aqueous materials. 

STATUS OF DEVELOPMENT AND USAGE - Goodyear IS not pursuing commercial development of sodium 
naphthalIde technology; technical data are public information. CommercialIzatIOn of the process has been 
adapted by other companies. See also Acurex PCB Destruction Process (Entry No. 138) thiS section. 

PERFORMANCE - Commercial-scale testing has shown that sodIUm naphthalide can successfully be used to 
reduce the PCB concentratIOn In large amounts of heat transfer flUid from 130 mg/L to < 2 mg/L under an 
Inert nitrogen atmosphere. 

AV AlLABILITY AND COMMERCIAL INFORMATION -

The Goodyear Tire and Rubber Company 
Chemical DIVISIOn 
P.O. Box 9115-T 
Akron, OH 44305 
U.S.A. 
Telephone (216) 796-3010 

OTHER DATA-

Reagent Cost (12 September 1980) 

kg* $/kg* * $/45 kg Oil 
-----------------------------
SodIUm Metal 
Heat-Transfer Oll 
Naphthalene 
Tetrahydrofuran 

0.0498 
0.4987 
0.3188 
0.8856 

0.64 

0.36 
0.86 

0.0703 

0.2530 
1.6792 

2.0025 

* Material cost per kilogram of heat-transfer flUid treated IS @ $0.06. 
** Untt cost will depend on quantities purchased. 

Techntque also used to treat other halogenated contaminants e.g., PBBs, DDT tetrachlorobenzodlOxIn. 

References: Man. Lit. M.M. Dillon Ltd., "DestructIOn Technologies for PolychlOrinated Biphenyls (PCBs)", 
Report EPS 3-EC-83-1, EnVironment Canada, February, 1983 (July, 1983 reprint). 
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PRODUCT THE SOIL RECOVERY" PROCESS No. 148 

APPLICABILITY Gas LiqUid Soltd 
Sol FI Sk Sol FI Sk 

* * 

DESCRIPTION - A process for converting hydrocarbon-containing hazardous wastes Into hydrophobic, easlly­
compacted particles which can be used as environmentally stable landfill. The oli-contalnlng waste can be 
treated directly on site. 

SPREADING UNTREATED MATERIAL 

~R~~ENT 
,,.-----_-_-;-_-_c~-_-_-_-_-_---_-_-_-~_--_-_-_-_-~~"-" 

ADDITION OF REAGENT 

MIXING OF REAGENT IN POLLUTED MATERIAL 

REPEATING THE PROCESS 

BACK FILLING 

TREATED MATERIAL 

OPERATING PRINCIPLE - A waste matertal containing oli IS reacted with qUick-it me and a special calCium 
oXide-based reagent which forms small particles with large surface areas which absorb the Oil. These small 
particles are water-repellent and easliy compressed. 

PHYSICAL SPECIFICATIONS - Not appltcable. Sampling equipment, laboratory analyses, conventIOnal 
excavating eqUipment, spreaders and a mobile mechanical mixer are Involved. 

OPERA TING SPECIFICATIONS - Components and compounds present m an oli waste material are encapsula­
ted and bonded m the product. 

The oli m the treated product has low water solublltty and remams chemically unchanged. 

Can be conducted on waste sptll on site by truckmg the waste to an open space, spreadmg It out, and 
mlxmg In the reagents to form the fmely divided product. 

The product IS mert and ImpervIOus to weather changes. 

Reagents are specially adapted to the chemica) compositIOn of the oli waste. 
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Cost of process vanes with the size and contents of the spill, although It IS considered economical because 
the spill can be treated on site. 

STATUS OF DEVELOPMENT AND USAGE - Commercial process. 

It has been used extensively m Europe to treat oll-contammated sOil, aCid sludges, aCid residue from 
benzene refmmg, lignite tar and emulsIOn sludges. 

Process used to treat 23000 m 3 of hazardous chemical waste In Mercier, Quebec. 

PERFORMANCE - Independent evaluation of process effICiency was not obtamed. 

AV AILABILITY AND COMMERCIAL INFORMATION -

SOli Recovery, Inc. 
P.O. Box 2147 
95 Madison Avenue 
MOrristown, NJ 07960 
U.S.A. 
Telephone (201) 540-0566 
Telex 13-6325 
Contact: Mr. J. Shofel 

OTHER DATA - Patented process. A stationary plant usmg thiS process has been developed that can be 
adapted to areas generatmg waste at a regular rate. 
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PRODUCT ONT ARlO RESEARCH FOUNDA nON WETOX PROCESS No. 149 

------------
APPLICABILITY Gas LiqUid Soltd 

Sol Fl Sk Sol Fl Sk 

* 

DESCRIPTION - A system capable of oXidizing a wide variety of tOXIC, hazardous or obnoxIous organic wastes 
from 2 to 20% In water. A typical mstallatlon Includes a multi-compartmented hOrizontal autoclave, hlgh­
pressure liqUid pump, air compressor, agitators, heat exchanger, coolers, vapour and liqUid let-down 
systems, and aUXIliary equipment. 

L,qu,d 
Eflluent 

PROCESS SCHEMATIC 

Heat 
Recovery 

Condensate 

OPERATING PRINCIPLE - The Influent waste IS heat-exchanged With the reacted liqUid effluent and passes 
into the multi-compartmented reactor. Each Inner compartment contains an agitator and air/oxygen 
supply. The waste cascades successively to each compartment where the organic content IS OXidized 
primarily to carbon diOXide, water and ash, plus small amounts of organic aCids e.g., acetiC, formiC. 
Nitrogenous compounds are reduced quantitatively to sulphate. Agitation greatly mcreases mass transfer 
of OXidant, resulting m effiCient operation at modest temperatures and pressures (240 to 260°C and (3 to 6 
MPa) (400 to 850 pSI». The vapour (stearn) and liqUid phases eXit the reactor separately. The volume of 
effluent waste can be effectively reduced by up to 90% for chemical recovery (e.g., soluble metals) or 
post-treatment prior to ultimate disposal. The vapour products from the oXidatiOn are automatically and 
thoroughly scrubbed, mlnlmlzmg air and odour pollution. 

PHYSICAL SPECIFICATIONS - None obtained. 

OPERATING SPECIFICATIONS - Normal Wetox operatiOn IS accomplished at 230 to 260°C and 3 to 6 MPa 
(400 to 850 pSI). 

A high degree of destruction IS obtamable for most organic wastes: autothermal operatiOn IS achieved With 
most organics m excess of 1.5% of the mcommg stream. 

Can process organic wastes from 2 to 20; can effectively destroy dilute tOXIC wastes, especially when such 
wastes cannot be or are too expensive to concentrate. 

The process can effectively destroy hazardous, tOXIC or obnoxiOUS materials difficult to treat safely by 
other methods. 

STATUS OF DEVELOPMENT AND USAGE - The system IS not available yet as a mobtle unit SUitable for the 
treatment of spilled hazardous materials. -

PERFORMANCE - The followmg results were obtamed after a I-h reactiOn period: 
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Starting ReactIOn 
Concn. Temp. 

Compound (gIL) (OC) 

Thiocyanate 9.6 250 
Pentachlorophenol* 11.7 240 
Phenol 4.4 232 
Dlphenylarmne 3.0 265 
Mercaptobenzothlazole 3.5 240 
Cyanide Up to 75.0 250 to 275 

* In NazC03 solution, With 250 ppm CuO catalyst 

AV AIL ABILITY AND COMMERCIAL INFORM A TION -

Ontario Research Foundation 
Sheridan Park Research Community 
Mlsslssauga, Ontario 
Canada 
UK IB3 
Telephone (416) 822-4111 
Contact: Mr. H. Robey 

% 
Starting Matenal 
Destroyed 
------------

>99.8 
>99.94 
>99.99 
>99.99 
>99.99 
>99.998 

OTHER DATA - InformatIOn was supplied by the OntarIo Research Foundation (ORF). Reports prepared by 
ORF on the Wetox Process are available upon request. 

M.M. Dillon Ltd. reports that a mobtle Wetox process housed In a truck was tested for PCB destructIOn by 
ORF who reported an efficiency of 50 to 70% With long batch times and temperatures above 250°C. "The 
work was abandoned as a result of unrelated local politiCal problems." Michigan Technological University 
In Hougton, MI are co-developers of the process and have tested It on PCBs at higher temperatures With 
encouraging results. 

Reference: M.M. Dillon Ltd., "DestructIOn Technologies for Polychlorinated Biphenyls (PCBs)", EnVironment 
Canada, Report EPS 3-EC-83-1 (February, 1983) (July 1983 reprint). 
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PRODUCT ZIMPRO WET AIR OXIDATION PROCESS No. 150 

APPLICABILITY Gas Liquid Sohd 
Sol Fl Sk Sol Fl Sk 

DESCRIPTION - A mobile system which oXidizes hazardous matenals In an aqueous environment. It consists 
of a high pressure pump, air compressor, heat exchanger, cooler reactor, scrubbers, carbon adsorptIOn tank, 
and ancillary equipment. 

Pressure LeI down Valve 
SCRUBBED 
OFF GASES 

OPERATING PRINCIPLE - The material to be treated IS mixed with compressed air and pumped through a 
heat exchanger Into the reactor. Organic matter In the wastewater IS oXidized exothermically to carbon 
dIOxide and water, and to ammonia In the case of nitrogenous chemicals such as nltnles or cyanides. The 
oXidized liquor IS passed through the heat exchanger to heat the incoming wastewater, and then Into a 
cooler. The hquor eXits the cooler via a pressure let-down valve and enters the base of a two-stage 
scrubbing system which Initially acts as a separator for the hqUid and vapour phases. The ltquld effluent IS 
then pumped from the system (for further treatment If reqUired), whtle the vapours pass through the two 
scrubbing towers. The design of the scrubbers can be tatlored to the type of waste, and can Include water 
for removal of ammonia and volatile, low molecular weight organics, or caustic soda for any residuals of 
hydrochlonc aCid. As a final precautIOn there IS also the provIsIOn of a carbon adsorptIOn chamber to avoid 
any carryover of hydrocarbons. 

PHYSICAL SPECIFICATIONS -

Skid-mounted Unit consists of: 

Two platforms of equipment, approximately 2.4 x 10.7 m (8 x 35 ft) (width x length); and the reactor, 
approximately 10.7 x 1.0 m (35 x 3 ft) (length x diameter). 

Two skids and reactor are dehvered to spill site by three truck tratlers and bolted to concrete pads. 

Matenals of constructIOn: 

316 L (84 U.S. gal) 5.5., Carpenter-20, incoloy/inconel, Hasteloys, Titanium or other alloys as required. 

InstrumentatIOn: Electronic, small case. 

Electrical Enclosures: NEMA I-A (Gasketed). 



Utilities: 

Power 180 kW (440 V, 3 phase, 60 Hz) 
Fuel Oil: 0 to 22.7 L/h (6 U.S. gal/h) 
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Coolmg Water: 3.2 to 4.4 L/s (0.8 to 1.2 U.S. galls) 

Operatmg Labour: 4 mh/& h shift (13 ft h/& h shift) 

OPERA TING SPECIFICATIONS -

Maximum Flow Rate: 0.6 L/s (10 U.S. GPM) of wastewater contammg 45 g COD/L. 

OXidation reaction occurs m an aqueous environment at temperatures between 232 to 315°C (450 to 600°F) 
and pressures between 103 to 207 bar (1500 to 3000 pSlg). 

Conditions can be adjusted to modify degree of OXidatIOn, such that the treated effluent may be sUitable 
for discharge to a watercourse or may require further treatment by conventional biological methods. 

Umt mcludes a solvent tank contammg mtrIC aCid which IS used for cleanmg the system. 

STATUS OF DEVELOPMENT AND USAGE - CommerCially available for treatment of phenols, cyamdes, 
chlOrinated hydrocarbons and other tOXIC compounds m mdustrIal wastewaters. 

PERFORMANCE -

The follOWing laboratory results are reported by the manufacturer for one hour reaction times: 

Starting % Starting 
Concen- ___ "1~!.~J'!!. Destr~9 --'Cl-----
tratlOn 275°C 

Compound (g/L) 320°C 275°C Cu++ catalyst 
----------
Acenaphthene 7.0 99.96 99.99 

Acrolein 8.41 > 99.96 >99.05 

AcrylomtrIle 8.06 99.91 99.00 99.50 

2-Chlorophenol 12.41 99.86 94.96 99.88 

2,4-Dlmethyl-
phenol 8.22 99.99 99.99 

2,4-Dmltro-
toluene 10.0 99.88 99.74 

1,2-Dlphenyl-
hydrazme 5.0 99.98 99.98 

'+-Nltrophenol 10.0 99.96 99.60 

Pentachloro-
phenol 5.0 ·99.&8 81.96 97.30 

Phenol 10.0 99.97 99.77 
----------"--------- -- ---------- ----
A skid-mounted Wet Air OXidatIOn umt was Installed (I 983) permanently at the toxIC waste landfill site of 
Casmalla Resources Management l(\ Santa Barbara County, CA. 
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2l1npro Wet Air OXidatIOn Performance at Casmalta Resource Landfill, 
Santa Barbara County, CA 

Waste Parameter Feed 

, ACidic Distillate COD, giL 63.8 

Spent Caustic COD, giL 108.1 
Phenols, mg/L 15 510 
Sulphide, mg/L 3 320 

Metal Platmg COD, giL 97.0 
Total Cyanide, rng/L 33 000 

Metal Platmg COD, giL 73.3 
Total Cyanide, rng/L 34 000 

Effluent 

4. I 

11.6 
36 

< 1 

5.3 
2.4 

2.1 
1.7 

% Removal 

93.6 

89.3 
99.77 

>99.97 

94.5 
99.99 

97. I 
99.99 

- --.------ - - - - - ---------------- -------
AVAILABILITY AND COMMERCIAL INFORMATION -

Man uf act ur er: 

Zimpro Inc. 
Mtlltary Road 
Rothschild, WI 54474 
U.S.A. 
Telephone (715) 359-7211 
Telex 29-0495 
Contact: Industrial Sales Dept. 

OTHER OAT A - None 

Cost (June, 1981): 
316 Stamless Steel ConstructIOn: $1.1 millton 
Titanium Construction: $1.75 mtllton 

References: Manufacturers' Literature; "Caltfornla Toxlcs to Wet OXidatIOn", m The Reactor Magazme, No. 
49 (October, 1982). 



359 

5.4 Biodegradation 

PRODUCT COMPOSTING AND LAND FARMING - GENERAL LISTING 

APPLICABILITY Gas LiqUid 
Sol Fl 

... ... 

Sk 

... 

Solid 
Sol Fl Sk 

11- 11- 11-

Note: Applicable to liquids and solids mixed with soil and other solids. 

No. 151 

DESCRIPTION - Compostmg IS the biological degradatlOn of organic matenals to simple end products (C02, 
H20) under pnmanly aerobic cond1t1ons. The orgamc matenals can be sollds or llqU1ds absorbed by soLLds. 
These are processed m a relatively dry environment compared to activated sludge treatment of 
wastewaters. Aerobic compostmg IS carned out in enclosed systems, on land or m soil. The latter method 
1S more commonly known as land farmmg, land cultlvatlOn or sludge farmmg. DecornposltlOn of organic 
matter through land farmmg IS generally slower than compostmg m controlled digesters (enclosed systems) 
or on land (wmdrow or forced aeration wmdrow). 

WATER TRAP FOR 
CONDENSATES 

FILTER PILE 
SCREENED 
COMPOST 

OPERATING PRINCIPLE - A mass of orgamc soLLds IS aerated by sequential mlxmg and/or forced aeration to 
enhance cond1tlOns for the growth of aerobic micro-organisms. Four types of compostmg systems eX1st to 
prOVide optimum conditions: 

1) Enclosed Systems - digesters or basms equipped with agitators and aerators. 

2) Wmdrows - long rows of orgamc sohds spread on so11 or on a concrete pad and sequentially mixed to 
aerate the organic matter. 

3) Forced AeratlOn - pnmanly wmdrows with air blowers drawing air from the base of the organic mass 
through perforated pipeS. 

4) Land Farmmg - organic matter IS cultivated Into the upper layer of sot! uSing conventional farm 
eqUipment or constructlOn eqUipment. 

Composting rehes on long retention penods (3 to 6 months) to allow the mlcro-orgamsms to acchmatlze to 
the waste and environment. Normally blOdegradatlOn begms through mesophilIc orgamsms (optimum 
temperature: 20 to 40°C) and then is maintamed at steady state through thermophilIc orgamsms (optimum 
temperature: >40°C). (Temperatures rise m the orgamc mass due to the exothermic hydrolYSIS and 
OXidation reactions of blodegradatlOn.) Fungi and facultative anaerobIC micro-organisms (grow with or 
without the presence of oxygen) are also active If compostmg takes place m a soil media. Anaerobic 
(growth without oxygen) micro-orgamsms wIll begm to dommate the b1odegradatlOn process If the compost 
mass IS not agitated or suffiCiently aerated. AerobiC compostmg IS preferred because It IS faster and more 
effective and does not generate foul odours (e.g., sulphur compounds, methane) as occurs m anaerobic 
compostmg. 
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The mlcro-orgamsms can be either mdlgenous to the waste orgamcs or mtroduced from other sources, such 
as activated sludge or mutant bacteria (see Entry No. 152). 

PHYSICAL SPECIFICATIONS - The equipment required to operate a compostmg system vanes from process 
to process. However, some major components mclude: 

Wmdrow turnmg machmes (front-end loaders and farm tractors with modified cultlvatmg equipment are 
also employed). 
Air blowers. 
Perforated pipe (PVC, ABS) for aeratIOn. 
Conveyors. 
Tarpaulins (to cover wmdrows dUring wmter or adverse weather conditIOns). 
Inventories of: - nutrients (N, P fertlllzers); 

- pH adjustment chemicals. 
Pumps and equipment to treat the leachate and runoff. 

OPERATING SPECIFICATIONS - Aerobic compostmg IS the most efficient method of compostmg. Generally: 

MOlsture content of the orgamc matter should range from 40 to 60% on a wet weight basIs. Below 40%, 
enzymatic actlon IS Impeded and above 60% the free pore space IS reduced and Improper aeration 
occurs. 

Carbon-to-mtrogen ratio should be mamtamed between 20 and 30 (weight basIs). RatIOs m excess of 30 
will slow the reaction and below 20 mtrogen losses are high. 

, 
Oxygen levels should be mamtamed between 5 and 15%. Levels below 5% can result m anaerobic 
pockets, whtle levels above 15% will affect the temperature regime. (Excess mlxmg or aeration can 
cool down wmdrows and slow microbIOlogical activity.) 

Windrow Com posting 

A typical wmdrow compostmg operatIOn would operate as follows (2): 

1. 3 to 4 weeks: Spread the media and orgamsms mto flat beds (2-m thick). Dose with waste; lace with 
nutrients (mtrate) and alkalmes (lime and calcIUm carbonate). 

2. 7 to 10 days: PlIe media, orgamsm and waste mass mto compost wmdrow forms (4-m high). 

3. Repeat flattenmg of beds for aeration. 

4. Repeat waste dosmg, nutrient addition and pH adjustment. 

5. Repeat wmdrow pllmg. 

LocatIOn of windrow piles IS alternated so that bIOchemical bed bottoms do not get mucky and ImpervIOus. 
An aerated pervIous bed bottom allows contmuous leachate dramage. 

In 1975, the U.S. Department of Agriculture (USDA) developed the forced aeration system for compostmg 
sewage sludge. The major advantages of this method for handlmg wastes are: 

1. The microbial decompositIOn of sludge dUring compostmg alleviates malodours and produces a stable, 
humus-like, orgamc material. 

2. Heat produced dUring compostll)g effectively destroys human pathogens. 

3. The product can be stored conveniently, and spread easily and uniformly on land. Sludge, on the other 
hand, IS difficult to handle and produces odours when stored. 

4. Compostmg produces an orgamc resource that can be used benefiCially on land as a source of plant 
mlcro- and macronutnents, and as a SOIl conditIOner. 

5. Low capitalmvestment and low energy requirements. 

FlIter cake sewage sludge (approxllnately 22% sollds) was mixed With a bulkmg matenal and then 
composted m a stationary aerated pile for 21 days. Bulkmg materials added were: woodchlPS, shredded 
paper, paper briquets, leaves, peanut hulls and automobile salvage fabriCS. 
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Sludge at thiS mOisture content (78% water) will not compost aerobically alone because sufficient cur 
cannot penetrate the bIOmass, either by diffusion or forced aeration. The bulking material provides the 
necessary texture, structure and porosity for aeration lowers the mOisture content of the biomass to about 
50 to 60% and provides an additIOnal carbon source for micro-organisms to ensure rapid compostlng. 

The ratio of the bulking material to sludge vanes with the type of matenal and ItS phYSical characteristics, 
and the mOisture content of the sludge. For compostlng sludge with woodchlPS, two volumes of woodchlps 
are mixed with one volume of sludge (about 1:1 on a weight baSIS). ThiS produces the necessary absorbency 
to lower the mOisture content from 78% to about 60%. MIXing can be achieved with vanous types of 
equipment, the Simplest being a front-end loader. 

After mixing, the aerated pile was constructed of a loop to 10-cm (4 In dla.) perforated plastiC pipe laid on 
the surface and covered With 30 cm (11 In) of woodchlps or unscreened compost. The sludge-woodchlp 
mixture was placed In a pile on the prepared base and blanketed With a 30-cm (11 In) layer of screened 
compost for insulation and odour control. Fifty tons of wet sludge produces a pile With a triangular cross­
sectIOn, and approXlmate dimenSIOns of 16 x 7 x 2.5 m (52.5 x 23 x 8 ft) (length x Width x height). The loop 
of perforated pipe was connected With solid pipe to a 0.33-hp blower controlled by a timer. AerobiC 
compostlng conditIOns were maintained by draWing air through the pile, and the effluent airstream was 
conducted Into a small pile of screened, cured compost, where odorous gases were adsorbed. The blower 
operated Intenmttently to prOVide oxygen levels between 5 and 15% dunng the compostlng period. 

Land Farming 

In land farming, the principal groups of micro-organisms present In surface SOils are bacteria, actlnomyce­
tes, fungi, algae and protozoa. In addition, other mlcro- and macrofauna are often present, such as 
nematodes and Insects. The bacteria are the most numerous and biochemically active group of organisms, 
espeCially at low oxygen levels. 

In general, conditIOns favourable for plant growth are also favourable for the activity of soil micro­
organisms. EnVironmental factors influenCing plant growth and range of values condUCive to growth are 
(2): 

soil pH - range of 4-10; pH 7 IS generally optimal. 
air temperature - vanes With type of organism; 30 to 40°C (86 to 104°F) IS optimal. 
soil mOisture content - a certain minimum water content IS reqUired, generally In the range of 30 to 
90% of the water-holding capacity of the soil. 
nutnents - all nutrient elements required for the growth of higher plants are needed for microbial 
growth. Adequate nutrients are present In most fertile SOils but additIOnal mtrogen must be added If a 
highly carbonaceous waste (C/N ratio >35) IS applied. 

The SUitability of a specifiC industrial waste for land cultivation depends on many charactenstlcs, including 
pH; biochemical oxygen demand (BOD); odour; concentratIOns of chemical elements (e.g., heavy metals and 
sodIUm), soluble salts and hazardous chemicals; bulk denSities of waste solids; flammability; and volatility. 

Industnal waste IS normally conSidered SUitable for land cultivatIOn if It complies with: 

I. the organic portIOn bIOlogically decomposes at a reasonable rate; 

2. It does not contain material at concentratIOns tOXIC to SOIl micro-organisms, plants or animals, and 
there must be reasonable assurance that long-term tOXIC effects resulting from accumulatIOn through 
adsorptIOn or Ion exchange can either be prevented or mitigated; 

3. It does not contain substances In suffiCient concentratIOn to adversely affect the quality of the 
groundwater; and 

4. It does not contain substances In suffICient concentratIOn to adversely affect SOIl structure, espeCially 
the SOil mfiltratlOn, percolation and aeratIOn charactenstlcs. 

STATUS OF DEVELOPMENT AND USAGE - Hlstoncally, compostlng Involved leaVing organic matter in piles 
or holes for decompositIOn prior to reuse as a soil supplement for agricultural lands. It became a 
systematic process for dealing With vegetable matter and animal manure m IndIa and Italy in the 1920's. 
Between 1951 and 1969, eighteen compostlng plants were built in the United States, but most were closed 
due to lack of Viable markets for soil condltlOnmg products. Compostlng has been more successful In 
Europe, the MIddle East and ASIa where additIOnal organic matter for the soil IS needed. In Canada, the 
Ontano MinIstry of the EnVironment has been investigating the commerCIal Viability of compost produced 
from industrial wastes at a full-scale, expenmental resource recovery faCIlity (3). 
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Land farmlOg has been employed by petroleum compaOles and some private waste disposal firms for the 
disposal of OIly wastes. 

At present, composttng has had hmlted acceptance by tndustry because of Its vulnerablhty to chmatlc 
changes, labour reqUIrements and slow reactIOn. However, the low capital mvestment and tn-Situ 
apphcatlon possibihtles make compostmg a Viable countermeasure for hazardous material spills. 

In the UOited States cautIOns about bIOlogical countermeasures are expressed 10 Annex X of the U.S. EPA 
National Oil and Hazardous Substances PollutIOn Conttngency Plan. The plan states that bIOlogical 
countermeasures: 

"may be used only when such use IS the most deSirable techOlque for removtng oils or 
hazardous substances and only after obtatnmg approval from the appropriate state and local 
public health and water pollutIOn control offiCials. Biological agents may be used only when a 
Itstmg of orgaOisms or other mgredlents contamed tn the agent IS provided to EPA tn suffiCient 
time for review before ItS use." 

PERFORMANCE - Some of the more potentially biodegradable mdustrlal wastes are (I): 

I. orgaOlc chemicals and solvents; 
phenol, 
xylol, 
toluene, 
ketones, alcohols, 

2. oils, fats and waxes; 
bunker Oil, 
petroleum aCid pitch, 
waste Oil and diesel fuel, 

3. wood and paper products; 
papermlll sludge, 
paper wastes, 
wood wastes - bark shavmgs, 

4. agricultural and pharmaceutical wastes; 
molasses Silage, 
mycelhal wastes, 
apple, grape and other frUit pomace, 
food wastes. 

Rose and Mercer mvestlgated the composttng of the pesticides DDT, Dlaztnon and ParathIOn (phosphar­
othloate tnsectlcldes). Wlthtn ten days the Dlaztnon concentratIOn was reduced approximately 50% and 10 

42 days the tnltlal concentration of 3.3 ppm was reduced to less than 0.002 ppm. The concentratIOn of 
Parathion was reduced by 50% 10 12 days of compostmg. Degradation of pp-DDT was considerably slower. 
Fifty days of compostmg were reqUired to reduce the level of DDT from 2.2 to 0.8 ppm. It was lOterestlOg 
to note that DOD and DOE, which are normally produced by DDT degradation 10 SOils, were not detected 10 

the composted material. ThiS aspect IS extremely Important SlOce breakdown products such as DOD and 
DOE may be as environmentally undeSirable as the parent compound. 

Osmon and Andrews were able to degrade large quantities (5 to 10%) of TNT 10 a relatively short time to 
zero or acceptable levels. No breakdown products or compounds of environmental concern were found. 

Halogenated aromatic hydrocarbons (e.g., PCBs) have been found the most resistant orgaOlcs to slgntflcant 
degradation by typical microbial populations tn SOils (2). Isbister et al. (4) found aerobiC compostlOg, usmg 
alfalfa hay, Purtna Sweetena Horsefeed and Landland soil as the base, was more effICient tn decreaslOg 
PCB concentratIOns (Aroclor 1242) than anaerobic compostlOg, but the percent reductIOns, even after four 
weeks, were not acceptable compared to other PCB-destruction methods (e.g., mctneratlOn). 

Degradation of PCBs in Soil: Lab Results (4) (% degraded) 

After 

2 weeks 
4 weeks 

Aerobic 

41.6 to 48.1 % 
55.7 to 67.6 % 

Anaerobic 

18.4 to 28.0 % 
27.9 to 46.9 % 
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AVAILABILITY AND COMMERCIAL INFORMATION - InformatIOn regardmg commercial compostmg systems 
was not readlly avallable. However, references (see below) cite the following research firms as 
Investlgatmg the feaslbillty of compostlng as a countermeasure to hazardous material spills: 

Atlantic Research Corporation 
Alexandria, VA 

Energy Resources Company, Inc. 
Cambridge, MA 

Polybac Corp. (see Entry No. 152) markets mutant bactena for bIOdegradatIOn of hydrocarbons, surfactants 
and refractory organics. 

OTHER DATA-

References: TOXIC and Hazardous Waste DIS sal, "Volume 4: New and Promlsmg Ultimate Disposal 
Options", Robert B. POjasek, ed. Ann Arbor SCience Publishers, Inc.: Ann Arbor, MI (1980). 

Klang, Yen-HslUng and Amlr A. Metry, Hazardous Waste Processmg Technology, Ann Arbor 
SCience Pubhshers, Inc.: Ann Arbor, MI (1982). 

Work expenence at the Ontario Centre for Resource Recovery, Downsvlew, OntarIO; 
Contact: 

Waste Management Branch 
Ontario MInistry of the EnVironment 
135 St. Clair Avenue West, 2nd Floor 
Toronto, Ontario 
M4V IP5 
Telephone (416) 965-6191 

Isbister, J.D. et aJ., "Compostlng for DegradatIOn of PCBs m SOli", 1984 Hazardous Matenals 
Spills Conference Proceedmgs, Nashville, TN, pp 105-109 (April 9-12, 1984). 
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PRODUCT POL YBAC, MUTANT BACTERIAL HYDROCARBON DEGRADER No. 152 

APPLICABILITY Gas Liquid Soltd 
Sol Fl Sk Sol Fl Sk 

* * * 

DESCRIPTION - A bacteria complex capable of degrading hazardous materials, spilled on land or In water, by 
bIOchemical oXidatIOn. It consists of mutant, adapted micro-organisms and bIOchemical accelerators. 

<) 
<) GROUNDWATER FLOW 

¢ 

OPERATING PRINCIPLE - Hydrobac, Phenobac, and Petrobac are speCially adapted, mutant bacteria strains 
which have an enhanced capacity for the degradation of specifiC types of organiC chemicals. Hydrobac 
micro-organisms can blOloglcally degrade refinery/petrochemical waste waters or spills containing a large 
number of chemicals In small varying concentrations; Phenobac has a speCIfic activity against surfactants 
and synthetiC detergents; and Petrobac IS used to degrade spills of refactory organic materials In SOlI or 
salt water. The dehydrated bacteria are activated With water and placed into the hazardous organic spill 
to bIOchemically degrade the hydrocarbons present. 

PHYSICAL SPECIFIC A TIONS -

Form: Free-flOWing powder 
Colour: Buff to brown 
SpecifiC Gravity: 0.5 to 0.7 
Storage: 11.3 kg (25 Ib) or 45.3 kg (l00 lb) containers. Dry place at room temperature not exceeding 43°C 
(l08°F). Do not freeze. 

OPERATING SPECIFICATIONS - Hydrobac and Phenobac degraders are applted to fresh-water and land spills. 
Petrobac can be used In salt water and on land. 

Degradation rate depends on: chemICals Involved, temperature and soil conditIOns. 

Can be applied at a rate of about 56 to 112 kg/ha (50 to 100 lb/acre). Application rate varies With varying 
characteristics of hazardous materials. Typical rates for Hydrobac, Phenobac, and Petrobac range from 
$33 to 66 U.S./kg ($15 to 30 U.S./lb). 
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In-situ Spill-site Decontamination-Engineering Considerations: 

1) 
2) 
3) 
4) 
5) 
6) 

Blodegradablhty of the material; 
Solublhty of the matertal; 
Quantity of the matertal spilled; 
Environmental contaminatIOn and site geology; 
Nutrtent requirement; 
Oxygen requirement; 

7) 
8) 
9) 

Temperature effects; 
MOisture effects; and 
pH effects. 

Activated With water 0:10) to form a homogeneous suspenSIOn, then sprayed or sprtnkled over the 
contaminated area. 

Polybac bIOdegradable emulSifier (Polybac E) can be added to the degraders to enhance the interfaCial 
contact between the micro-organisms and hazardous materials. 

Polybac biodegradable nutnents (Polybac N) can be added to the degraders to supply a balanced mixture of 
nitrogen and phosphorus to promote micro-biOlogiCal growth and speed up degradatIOn. 

Optimum Temperature Range: lOoC to 40°C. 

For soli and sand apphcatlons, It IS recommended that the area be plowed to prOVide greater surface area 
for oxygen transfer and micro-organism contact. Ensure the area IS mOIstened every 48 hours. 

Hydrobac, Phenobac and Petrobac can be used to clean up spills of such bloreslstant compounds as 
orthochlorophenol, dIOXin, dIesel fuel, ethyl acrylate, and acrylOnitrile. 

Phenobac and Hydrobac can degrade benzenes, phenols, cresols, naphthalenes, amlnes, alcohols, synthetiC 
detergents, petroleum (crude and processed), kerosene, cyanides (dIluted) and other bloreslstant wastes 
from refineries and associated chemIcal operatIOns. 

Petrobac mutant bacteria are capable of converting aromatiC, asphaltIC, paraffIniC and naphthenlc crude 
OIls to carbon diOXide, water and mIcrobIal protoplasm. IntermedIate products from crude OIl processing 
such as organic aCIds, alcohols, aldehydes, ketones, esters and other chemIcal intermediates can also be 
degraded. 

Polybac degrader handling precautlOl1s: 

User must wear surgical or Industrtal nose and mouth mask to aVOId inhalation of bacteria dust. 

Must remain completely dry until water activation Just prior use. 

Store In contaIner WI th a tIghtly closed plastIC Imer. 

STATUS OF DEVELOPMENT AND USAGE - Polybac mutant bacterta are commercially available and have 
been used In variOus cleanup operatIOns of organic chemical spIlls, Includmg tank farm releases and rallroad 
deraIlments. 

PERFORMANCE - The effectiveness of parent and mutant bacterIa strains In degrading various hazardous 
materials IS documented In the follOWing figure: 

* About 15 100 m 3 (4 million U.S. gal) of wastewater m a 0.8 ha (2 acres) bearing plant lagoon were 
cleansed of 99% of waste 011 content by treatment With Petrobac and Phenobac over consecutIve fall 
and summer seasons. The treated lagoon water was pumped Into the mumclpal sewer system at the end 
of the treatment period. Total project cost - mcludmg chemIcals, bacterial additives, engIneermg, and 
analytIcal work - was approXimately $80 000 (U.S.). 

* An area of 15 800 m 2 (I70 000 ft2) of soli of a bulk oil tank farm was saturated to a depth of 3.8 cm 
(1.5 m) after Initial vacuum truck pICk-up of 800 m3 (5000 barrels) sweet crude spill. The soll was tilled 
and moculated With approXimately 18 kg (40 Ib) of Hydrobac mutant bacterIa. Soil samples showed a 
66% reductiOn In Oil content from August 5 to September 10. The soll was supporting vegetatIOn at the 
end of the second month. The project cost was approXimately $16 000 U.S. versus $75 000 U.S. 
estimated to remove and landfill the SOil. 
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AVAILABILITY AND COMMERCIAL INFORMATION-

Manufacturer: Canadian Liaison Office: 

Polybac CorporatIOn 
954 Marcon Blvd. 
Allentown, PA 18103 
U.S.A. 
Telephone (215) 264-8740 
Contact: Curtis S. McDowell, 

TechOical Service Manager. 

OTHER DATA - Other Polybac Products: 

Name: Degrades: 

Grease and Fat 

Polybac CorporatIOn 
11440 Crockett Rd. 
P.O. Box 330 
Roscoe, IL 61073 
U.S.A. 

Formula 90 
Llgnobac 
Flbrobac 
Oleobac 
Polybac 
Filabac 

Pulpmg and Paper Makmg Waste 
Fibrous Sohds 
Trapped Grease and Fats 
Sewage and Food Wastes 
Filamentous Growth 

Polybac also provides emergency and remedial cleanup of hazardous organic materials of accidental spill sites, 
Impoundments, lagoons, landfill leachates, abandoned dump sites, and contammated groundwater ansmg from 
such sources. The processes used are Poly treat, Polysoll, and Polydetox, site-specific Unit operations. 

Poly treat: Treatment of Impounded, water-borne wastes, including suspendable sediments, resulting 10 

environmentally acceptable effluent for discharge to a mUnicipal sewer or wastewater treatment plant. 

Polysoll: Treatment of soli or sand accessible from the surface after gross removal of spilled or dumped waste 
matenals. ---

Pol detox: DecontammatlOn of soils or strata not accessible from the surface by aqueous leachmg and 
collectIOn treatment of the leachate at the surface (see attached figure of Polydetox process). 

BIOlogical products presently accepted as hazardous material countermeasure by the U.S. EnVironmental 
Protection Agency under Annex X of the NatIOnal 011 and Hazardous Substances PollutIOn Contmgency Plan 
mclude: 

NOSCUM 

Petrodeg 100 
Petrodeg 200 

Natural Hydrocarbon 
EhmmatlOn Company 
5400 Memorial Dnve 
Houston, TX 77007 

Blotekmka InternatIOnal, Inc. 
7835 Greeley Boulevard 
Sprmgfleld, VA 22152 

Petrobac R 
Phenobac R 
Hydrobac 

Polybac Corporation 
1215 South Cedar Crest Boulevard 
Allentown, PA 18103 

References: Bennett, G.F., et al., Hazardous Materials Spills Handbook, McGraw-Hill Book Company, New 
York (1982). _ 

Manufacturer's Literature. 

Mr. E. Nyer, personal commumcatlOn, Polybac Corp. (June 24, 25, 1981). 

Walton, G.C. and D. Dobbs, BIOdegradation of Hazardous Matenals, O.H. Matenals Co., Findlay, 
OH. 

Krupa, M.J., Polybac Corp., "Biological Methods for the DetoxIfication of Hazardous Organic 
Matenals", Coastal and Off-shore 011 PollutIOn Conference (September 1 0, 11, 12, 1980). 

Thibault, G.T., "Biological DetoxificatIOn of Hazardous Organic Chemical Spills", 1979 Annual 
Conference on Oil and Hazardous Materials Spills (December 3-5, 1979). 

"Mutant Bactena Clean Up Waste 011", Amencan Machinist (July, 1981). 

"Mutant Bactena Decontammates Spilled Crude Oil Site", Chemical Processmg (December, 
1982). 
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6 ANCILLARY EQUIPMENT 

PRODUCT AMFIRE W A TERDRILL No. 153 

APPLICABILITY Gas Liquid Solid 
Sol Fl Sk Sol Fl Sk 

* * 

Note: Apphcable to containers or structures holding liqUids or solids. 

DESCRIPTION - A lightweight, water-powered drill and extinguisher for penetrating masonry, wood and 
metals. 

OPERATING PRINCIPLE - A pressurized water source IS used to power a water turbine. Water can be 
sprayed through the tiP of the cutting bits, allOWing the dnll to function as the nozzle of a fire hose. 

PHYSICAL SPECIFICATIONS - Housing Construction: Cast aluminum With Insulatlng dlelectnc coating. 
Weight: 8.2 kg (18 lb). Fittings: Standard 38 mm (1.5 In) flre hose coupling, Inlet and outlet. 

DeSCription 

Masonry Core Bits 
76 mm (3 In) 

102 mm (4 In) 
152 mm (6 m) 

Wood Bits 
76 mm (3 In) 

102 mm (4 In) 
152 mm (6 In) 

Accessor les: 
Model No. 

Model 3011-3 
Model 3011-4 
Model 3011-6 

Model WB-3 
Model WB-4 
Model WB-6 

A standard Amflre Waterdnll Kit contams: 
Amflre Waterdrdl 
Heavy Gauge Aluminum CarrYing Case 
3" Diamond Core Bit 
3" Wood Bit 
3" Metal Hole Saw 
18" ExtenSIOn 
Nozzle 
One Pair Safety Goggles 
5' length Exhaust Hose w/coupllng 



DeScriptiOn 

Metal Bits 
76 mm (310) 

102 mm (~m) 
152 mm (610) 

Exhaust Hose 
5 ft 0.5 m) Exhaust Hose 
w/couplmgs 

Carrymg Case 
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Accessories: 
Model No. 

Model HS-3 
Model HS-~ 
Model HS-6 

Model EH-5C 

Heavy Gauge Alummum Model CC-I0l 
305 x 305 x 610 mm 02 x 12 x 2~ 10) 

ExtensIOns 
~57 mm (1810) Extension 
w/adapter 

Goggles 
1 Pair Safety Goggles 

OPERA TING SPECIFICATIONS -

Model EX-18A 

Model GMS 

Operatmg Pressure at Pump Discharge: 103~ to 1723 kPa (150 to 250 psI) 
Water powering the dnll can be diverted through a nozzle at the tiP of the cuttmg bit. 
Uses salt or freshwater. 

STATUS OF DEVELOPMENT AND USAGE - Used Widely by firefighters for rapidly mtroducmg water behmd 
walls of masonry, wood or metal. Drill holes can be used to mtroduce agents such as foam, C02 or dry 
chermcals mto truck tratiers, box cars, aircraft hulls, mobile homes or ship bulkheads. 

PERFORMANCE -

Barner PenetratiOn Time (s) 

20.3 cm (8m) Ratiroad Tie ~O 

20.3 cm (8m) Soltd Concrete Wall 150 

20.3 cm (8m) Concrete Block ~5 

Formed Metal Roof (Pane!) 10 

Asphal t Roof 5 

Armour Plate (76 cm (310) diameter) 600 

No data were obtamed regardmg the sparkmg nature of the cuttmg bits or the safety of the operatiOn of 
the dnll In a hazardous matenal environment. 

AV AILABILITY AND COMMERCIAL INFORMATION -

Manufact urer: 

Amflre Industnes Incorporated 
P.O. Box 2~657 
Tampa, FA 33623 
U.S.A. 
Telephone (813) 88~-8~2~ 

OTHER DATA - Operation of the Amflre Waterdrtliis taught to firefighters at Texas A and M University. 
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---------------------- .--- .--------------------
PRODUCT LAMPE-LIFTER AIR CUS HIONS No. 154 

--------------- ---------------------
APPLICABILITY Gas Liquid Solid 

Sol FISk Sol FISk 

* * * * * * * 

Directly applicable to container not material. 

DESCRIPTION - Low and high pressure flexible cushions In flat and Sidewall models designed for lifting 
vehicles during their removal folloWIng overturning or other accident. They can be used to facIlitate the 
quick rescue of people, the cleanup of spilled materials, and certain more routine maIntenance and repair 
work on heavy equipment. 

Model 50 

Model 10 

OPERA T1NG PRINCIPLE - The air cushion IS placed under the object to be displaced and Inflated through a 
pressure reducer by an air compressor or other appropriate source of air thereby raising It. 

PHYSICAL SPECIFICATIONS - All air cushIOns are fabricated from Kevlar and coated With Neoprene. 

Model 

DimenSions - empty cm 
(In) 

Weight kg 
(I b) 

STOCK ITEMS 

Low Pressure 

10 

71x51x1.3 
(28 x 20 x 0.5) 
3.6 
(8) 

25 

122x 81 x 1.3 
(48 x 32 x 0.5) 
9.5 
(21) 

NON-STOCK ITEMS 

50 

119x84x3 
(47 x 33 x 1) 
6.8 
(15) 

These are made to order only. They ar~ available In standard models. 

Model 1-250 1-500 1-1000 0.4-800 

DimenSIOns -

High 
Pressure 

10-400 

76 x 69 x 3 
(30 x 27 x 1) 
9.1 
(20) 

empty cm 152 x 152 x 6.4 335 x 152 x 2.5 335 x 320 x 1.9 396x 351 x 10 
(In) (60 x 60 x 2.5) (132 x 60 x 0.9) (132 x 126 x 0.7) (156 x 138 x 4) 

Weight kg 50 41 77 227 
(Ib) (10) (90) (69) (500) 

Style Sidewall flat flat Sidewall 
----------
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Kits are also available consisting of models 10, 25 and 50 or two model 50s, etc. The three-model kit 
weighs 3.2 kg (7 Ib) and IS packaged In a carrying bag. It consists of three cushions, safety fittings and 
filling hoses, one pressure reducer, wrench, repair kit and operating manual, and two lash ropes. Other 
acceSSOries can also be purchased including an air distributor and railway roller cart. 

OPERA TlNG SPECIFICATIONS -

Model 

Maximum Lifting Force kg (Ib) 
Maximum Lifting Height cm (In) 
Working Pressure (kPa) (pSI) 
Bursting Pressure (kPa) (pSI) 

STOCK ITEMS 

10 

2 722 (6 000) 
30.5 (12) 
103 (15) 
690 (100) 

25 

8 165 (18000) 
50.8 (20) 
103 (15) 
400 (58) 

50 

7 258 (16000) 
78.7 (31) 
103 (15) 
400 (58) 

10-400 

38 102 (84 000) 
35.6 (14) 
1 000 (145) 
4 000 (580) 

---------------------- ------ --------- ---------- --_._----

Model 

MaXimum Lifting Force kg (Ib) 
MaXimum Lifting Height cm (In) 
Working Pressure (kPa) (pSI) 
Bursting Pressure (kPa) (pSI) 

NON-STOCK ITEMS 

1-250 1-500 

34 474 (76 000) 49 896 (110 000) 
198 (78) 91 (36) 
103 (15) 103 (15) 
359 (52) 359 (52) 

1-1000 0.4-800 

99 792 (220 000) 79 833 (176 000) 
196 (77) 450 (177) 
103 (15) 41 (6) 
359 (52) 152 (22) 

Materials compatibility should be verified for application to specific spill incidents where contact with the 
released substance IS probable. 

STATUS OF DEVELOPMENT AND USAGE - Commercial product conceived for lifting heavy objects. 
Documentation of use during spill response was not obtained although an ancillary role to cleanup for thiS 
deVice IS anticipated via-a.-vIs other containment, recovery and more direct treatment systems. 

PERFORMANCE - Documentation of evaluatIOn was not obtained. 

A V AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Zumro Inc. 
6003 Cassowary Lane 
New Bern, NC 28560 
U.S.A. 
Telephone (919) 637-3561 
Telex 704916 

Distributor: 

Code 4 Rescue 
22 Strathern Avenue 
Block B, Umt 7 
Brampton, Ontario 
L6T 4L8 
Telephone (416) 791-6788 

OTHER DATA - Lateral stability when USing the flat Lampe-Lifter cushions IS claimed to be very good and 
these can be applied under slanting surfaces. Lateral stability IS more limited With the Sidewall models so 
that wheels have to be blocked or the cushIOns used In multiples. 

Zumro Inc. also manufactures Lampe sealing cushions for clOSing drainS and pipeS. 
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PRODUCT MANUAL DRUM DEHEADER No. 155 

APPLICABILITY Gas LiqUid Soltd 
Sol FISk Sol FISk 

Note: This tool IS designed for metal drums containing hqulds or sohds. 

DESCRIPTION - Light, portable round blade cutting tool for removing the tops of metal drums. 

OPERATING PRINCIPLE - Leaves a "hands safe" edge by cutting (hke a pipe cutting tool) the inSide edge of 
the top nm of a drum so that the head cannot be used as a cover. 

PHYSICAL SPECIFICATIONS -

Weighs 9.1 kg (20 Ib) 
All-steel constructIon. 
Complete With ratchet handle and detailed operat1Og 1OstructlOns. 
Round blade cutt10g tool (spares available). 

OPERATING 5PECIFICA TIONS -

Opens 76 to 208 L (20 to 55 U.S. gal) drums (16 to 18 gauge) and down to 51 cm (2m) 10 diameter. 

Removes head of a 208 L (55 U.S. gal) drum With approximately three passes. 

Can open SIX drums In less than one hour, according to manufacturer. 

STATUS OF DEVELOPMENT AND USAGE - Commercially avatlable and Widely used. 

PERFORMANCE - Non-sparking performance IS not specified, but thiS deheader IS conSidered safe for drums 
contatntng hazardous matenals because of ItS operatIOn (Similar to a domestic can opener). 

AV AIL ABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Wizard Drum Tools 
1263 North 70th St. 
Mtlwaukee, WI 53213 
U.S.A. 
Telephone (414) 476-7717 
TWX 910-262-1189 

Distributor: 

BASCO 
Barrel AcceSSOries &: Supply Co. 
4647 West 47th 5t. 
U.S.A. 
Telephone (312) 767-8100 or 

1-800-621-0621 

Consult Fraser's Canadian Trade Directory for a complete ltsttng of drum accessones dealers In Canada. 
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PRODUCT MAXIFORCE LIFTING BAGS No. 156 

APPLICABILITY Gas LIqUId Sohd 
Sol FI Sk Sol FI Sk 

*" *" *" *" *" *" * 

Note: For hftlng containers on land WhICh may contain gases, liqUids or solids. 

DESCRIPTION - Maxlforce IS an aIr bag constructed of neoprene and woven steel WIre reinforcement, WhICh, 
when Inflated wIth aIr (or water), has the power to lift, move or ShIft weIghts up to 66 700 kg (146000 Ib). 
Two bags can be stacked to gIve up to 100 cm (40 In) of lift. 

__________ jl:i 
~-~I--~,,'\. 

OPERATING PRINCIPLE - The bag can be Inflated by many air sources, including back pack or scuba aIr 
cyhnders, truck aIr brake systems, compressors, or even a foot pump. InflatlOn to the operating pressure of 
6 to 8 bar (87 to 118 pSI) IS controlled by a safety control valve. Less than 2.5 cm (1 In) of space IS required 
for InsertlOn. 

PHYSICAL SPECIFICATIONS -

Type P8 PI2 P16 P21 P24L P30 P51 
------------- -------------------------

SIze Length Inches 15 21 20 24 42 28 36 
(mm) (381) (533) (508) (609) (1066) (711) (914) 

WIdth Inches 15 15 20 24 15 28 36 
(mm) (381) (381) (508) (609) (381) (741) (914) 

ThIckness Inches .7 .7 .7 .7 .7 .7 .7 
(mm) (17.8) (17.8) (17.8) (17.8) (17.8) (17.8) (17.8) 

WeIght (approx): Ib 9.5 14 20.1 29.7 28.7 42.7 73.2 
(kg) (4.3) (6.3) (9.1) (13.5) (13) (19.4) (33.3) 

-------------- ------ ------------ - ----_._--------------

Material 

No. of Steel Reinforcing Layers each SIde 
Replaceable Connector 
Molded Non-shp Surface 
One-Inch WIde Bright Yellow "X" Molded 
Into Both SIdes 

Neoprene 

3 
yes 
yes 

yes 

Lifting bags are available separately or In four factory deSigned systems. Each system Includes a pressure­
redUCing valve, dual safety relief and control valves, two 4.5 m (15 ft) lengths of pressure hose, and an 
operation manual. The bags Included In each system are: 
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Part No. of Factory Designed Systems 

Type 890122 890112 890102 890103 

P8 X X X 
P12 X X X X 
P16 X X X 
P21 X X X 
P24L X X 
P30 X 
P51 X 
---------- ----- ----

OPERA TING SPECIFICATIONS -

._------- ---
Type P8 P12 P16 P21 P24L P30 P51 
-- -- - ------------------ -- -------- --------- ----- --- - ----------
Part Number 890151 890156 890161 890166 890171 890181 890190 
----------------------~---------------------------------

* Lifting Capaci ty at tons 8.8 12.5 16.0 23.4 25.5 32.2 54.0 
87 pSI (6 bar) kg 7974 11343 14578 21285 23135 29257 48998 

118 pSI (8 bar) tons 12.0 17.0 21.8 31.8 34.7 43.8 73.4 
kg 10845 15426 19826 28947 31463 39789 66637 

* Llftlng Height Inches 8.2 9.2 11.1 13.1 9.8 15.5 20.0 
(mm) (208) (233) (282) (333) (249) (394) (508) 

MaXimum WorkIng pSI 118 118 118 118 118 118 118 
Pressure (bar) (8) (8) (8) (8) (8) (8) (8) 

Test Pressure pSI 236 236 236 236 236 236 236 
(bar) (16) ( 16) ( 16) ( 16) (16) (16) (16) 

BurstIng Pressure pSL 700 700 700 600 600 475 475 
MInimum (bar) (47.6) (47.6) (47.6) (40.8) (40.8) (32.3) (32.3) 

-------- --------
Air requirement at 

ft 3 87 pSL (6 bar) 2.3 3.8 5.7 10.7 9.1 16.8 36.4 
(L) (65) (07) (161) (303) (257) (475) (l030) 

118psL(8bar) ft 3 3.0 4.9 7.3 13.8 11.7 21.6 47.0 
(L) (84) (138) (208) (390) (332) (613) (1329) 

InIJatlon Time s 3 4 7 11 12 28 53 
------ ---------
Short-Term Temp. OF -75 to +220 

Range °C -60 to +105 

Continuous Duty Temp. of -40 to +150 
Range °C -40 to +65 

--- ---- ----
* LiftIng Capacity and Height wLll vary accordIng to air pressure and bag contact area. 

STATUS OF DEVELOPMENT AND USAGE - Commercially available for rescue applicatIOns on highways, 
railways, or In industrial plants. 

PERFORMANCE -

Large concrete truck was raised high enough to free an automobtle rammed underneath. 

P16 bag did not puncture while holding a 11 363 kg (25 000 lb) concrete block for one half hour and restmg 
on two meat cleavers. 
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AVAILABILITY AND COMMERCIAL INFORMA nON -

Manufacturer: 

Paratech Incorporated 
1025 Lambrecht Road 
Frankfort, IL 60423 
U.S.A. 
Telephone (815) 469-3911 
Telex 723-445 

OTHER DATA - None obtained. 

CanadIan DIstributor: 

W Jison & COUSinS 
6 Baker Road 
Brampton, Ontario 
L6T 4E3 
Telephone (416) 793-3500 
Telex: 06-97568 

Reference: Maxlforce brochure, Paratech Incorporated, No.1 OM (September, 1982). 
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---- -----------------------
CONCEPT REMOTE CONTROLLED HOVERCRAFT VEHICLE FOR SPILL 

RECONNAISSANCE 

APPLICABILITY Gas LiqUid Solid 
Sol Fl Sk Sol Fl Sk 

------- - ---------- --- ------
* * * -)I- * -)I- * 

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

Note: This Unit IS appropnate for contamenzed gases, ltqUlds and soltds Involved m spills on land. 

No. 157 

DESCRIPTION - A remote controlled vehicle designed to survey a spill site through a teleVISIOn camera and a 
variety of gas sensors. 

OPERATING PRINCIPLE - The skirted hovercraft operates as a ground-effect machme (GEM): Ilftmg and 
traversing thrust IS obtamed by the actIOn of air forced against the ground. An "auto pilot" on board the 
vehicle controls the directIOn and magnitude of thrust to compensate for the ground terram, freemg the 
operator to control the craft's speed, 11ft and anctllary equipment by radiO frequency. 

PHYSICAL SPECIFICATIONS - The data given here represent the proposed design specificatIOns for the GEM 
Hovercraft: 

Diameter: 2.44 m (8 ft) 

Weight: 136 kg (300 lb) 

Power: Graphite Composite Battertes (990 Wh/kg) and brushless, selenIUm-cobalt DC electrtc motors 
for mam propulsIOn. 

Thrust, brakmg and yaw movements are provided by two 508 mm (20 In) variable, reverse 
pitch, ducted rotors. 

Body: SandWich-panel construction, usmg Nomex honeycomb fJ!ler between Kevlar face sheets. 

OPERATING SPECIFICA nONS -

Charactenstlc 

Maximum VelOCity 
Maximum Grade CapabllLty 
Maximum Crosswmd (at forward velOCity 
of 1. 2 m/s (4 fps» 
Maximum Obstacle Height 
Range from Command Station 
In-fltght Endurance (new batteries, 
maXimum power consumptIOn) 
Turning Clrcle"Dlameter 

Proposed SpeCIficatIOns 

3 m/s (10 fps) 
20 degrees 

46 km/h (25 knots) 
46 cm (18 m) 
800 m (0.5 mt) 

L5h 
o cm (Can rotate around Its own aXIs). 

STATUS OF DEVELOPMENT AND USAGE - The City of Oxnard Fire Department and Developmental 
SCiences, Inc. were contracted to develop a full-scale unit for the EPA's OJ! and Hazardous Matertals Spills 
Branch under Grant No. R-805365. At the end of 1983, a half-scale model had been constructed and tested. 

PERFORMANCE - Refer to report ILsted In next sectIOn. 
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AVAILABILITY AND COMMERCIAL INFORMATION - A complete report, entitled "Design of a Remotely 
Controlled Hovercraft Vehicle for Splil Reconnaissance", (Order No. PB 84-124 904; Cost: $8.50, subject 
to change) wlil be available only from: 

National Techmcal InformatIOn ServICe 
5285 Port Royal Road 
Sprmgfleld, VA 22161 
U.S.A. 
Telephone (703) 487-4650 

The study was performed by: 

City of Oxnard Fire Department and 
251 South C Street 
Oxnard, CA 93030 
U.S.A. 
Contact: Henry Gustafson and Roy Furr 

for U.S. Environmental ProtectIon Agency 

Development SCiences, Inc. 
P.O. Box 1264 
City of Industry, CA 91749 
Telephone (213) 330-6865 
Contact: Keith Souter and 
Gerald Seemann 

011 and Hazardous Materials Spills Branch 
Industnal Environmental Research Laboratory-CI 
Edison, NJ 08837 
U.S.A. 
Telephone (201) 321-6634 
Contact: Mr. John E. Brugger 

OTHER DATA - Other remote controlled vehIcles known as the "SNAIL" and "FIRECAT" have been developed 
for flreflghtmg. These could also be applicable to hazardous material spills. Refer to "Snail - A Remotely 
Controlled Countermeasure Device", by LoUIs A. Wltzeman, Rural/Metro Fire Department, Inc., 
Scottsdale, Arizona; Proceedmgs of the 1974 National Conference on Control of Hazardous Materials 
Spills, San FrancIsco, CA, p. 219-221 (August 25-28, 1974). 
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PRODUCT RMI (REMOTE MOBILE INVESTIGATOR) No. 158 

APPLICABILITY Gas Liquid Sohd 
Sol FI Sk Sol FI Sk 

* * * * * * * 

Note: This Unl t IS appropriate for containerized gases, hqulds and sohds Involved In spills on land. 

DESCRIPTION - The RMI IS a remote-controlled vehicle espeCially designed for survetllance and minor 
manipulatIOn of tools In hazardous enVironments, such as explOSive disposal, tOXIC vapour or flammable 
chemical spills, flreflghtlng, radIOactive material handlIng, etc. 

TV MONITOR 

OPERATOR'S DOLLY 

REMOTE 
CONTROL PANEL 

'JOY STICK' 

REMOTE ON/OFF SPOTLIGHT 

OPERA TING PRINCIPLE - ThiS low-profile, Six-wheeled vehicle IS powered by on-board batteries and 
directed by Signals delivered through a cable from a remote control statIon. A mechamcal claw or other 
tools are mampulated at the end of boom whIch IS fleXible In the vertical plane. The operator mOnitors the 
area Immediately surrounding the vehicle through a teleVISion camera mounted on the arm. 

PHYSICAL SPECIFICATIONS (for Mark-3) 

ChaSSIS: 1016 x 660 x 475 mm 
(40 X 26 x 18 In) (length X Wide X height) 
Ground Clearance 
Height With Boom Structure Down 
Height With Boom Structure Up 
Height of Front Arm (Arm HOrizontal) 
Length of Back Arm 
Length of Front Arm 
Hand MaXimum Opening 
Weight 

127 mm 
711 mm 

1524 mm 
1219 mm 
787mm 
559 mm 
159 mm 
104 kg 

(5m) 
(28 In) 
(60 10) 
(48 In) 
(31 10) 
(22 In) 
(6 1/4 In) 
(230 Ib) 

Boom composed of two arms, each powered hydraulically. Front arm fitted With universal adaptor 
connectIOn for attaching vartous tools. 

Boom structure east/y removed from main chaSSIS by removlOg two PIOS and one multi-connector. 

Two 12-volt lead-aCid battertes. 
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Battery charger and connecting plug. 

Low battery Indicator. 

SIX 305 mm (12 In) rubber tires. 

TV System: Camera: Tube 1.7 cm (2/3 In) Vidicon. 360°C (680°F) Pan OperatIOn. Spot light mounted on 
camera. C-mount, F 1.8, 9 mm (0.35 In) lens. 

Operator's 
Dolly: 

AdditIOnal 
EqUipment: 

Video tape recorder plug. 
X-Tal controlled sync. 
Loud speaker. 

Cable drum with 61 m (200 ft) of 11 mm (0.45 In) diameter signal cable. 
23 cm (9 In) TV mOnitor. 
Removable operator's control box. 
Intercom System (12 W). 
12 V battery and charger. 

Disrupter. 
X-Ray system 10 kg (22 lb), 150 kVP 
Stethoscope. 
Foam delivery system. 
Car hook. 
Other Items available on request. 

OPERATING SPECIFICATIONS -

5 hours operation of fully charged battenes. 
MaXimum speed: approxlfnately 5 km/h (3 mph). 
Proportional dnve system with "Joy Stick" control for smooth operation. 
Lifting capacity: approximately 31 kg (70 lb). 
Claw has "soft touch" for fragile objects and a powerful gnp for heavy objects. 

STATUS OF DEVELOPMENT AND USAGE - The RMI has been developed and modified to the model of Mark 5 
(Summer 1984). The baSIC specificatIOns are similar to those of the Mark 3 outlined under PHYSICAL 
SPECIFICATIONS. ModificatIOns have been made In close collaboratIOn with the Royal Canadian Mounted 
Police as they have employed RMI Units across Canada for work with explosives. The RCMP use Units 
fitted with mechanical claws and a shotgun for detonatIng explosives or flammable materials from safe 
distances. 

The manufacturer will construct RMI Units to customer's specificatIOns. This deSign flexibility allows for 
adaptation of the RMI to respond to hazardous material spills. 

PERFORMANCE - Documentation regardIng the use of RMI not available; has been used to retneve spilled 
fuel bundles at the Bruce Nuclear Generating Station, resulting In a purchase of some Units by Ontario 
Hydro. NatIOnal Defense and the RCMP have also purchased several Units for surveillance purposes and 
work With explOSives. RMI offers several advantages over European or American Units. 

A V AIL ABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

Pedsco Canada Ltd. 
180 Fmchdene Sq., Unit 3 
Scarborough, Ontario 
CANADA 
MIX lA8 
Telephone (416) 298-9989 
Contact: Mr. Bob Pederson 

Pedsco WIll consider modifications to the RMI to SUit an 
indIVIdual customer's requirements. 

OTHER DATA - The RMI Mark 5 costs approXImately $21 000 (CDN) dependIng on the accessones Included 
(July, 1984). 

Reference: Ron PurvIs, personal commUniCation, R&D CoordInator, Explosives Technology Unit, Royal 
CanadIan Mounted PolIce (July 4, 1984). 
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PRODUCT SAFELIFT AIR CUSHION SYSTEM No. 159 

APPLICABILITY Gas L1quld Sohd 
Sol FI Sk Sol FI Sk 

* * 

Note: Apphcable for hftlng containers on land which may contain gases, llqulds or sohds. 

DESCRIPTION - Low pressure air cushIOns designed to "llft and roll" large loads such as tank trucks and rail 
tank cars, locomotives, and aircraft. 

OPERATING PRINCIPLE - Starter cushions are mserted beneath the load at equal Intervals and mflated by a 
compressor. Larger cushIOns are Inserted and Inflated In succession until the load IS pushed upright. 

PHYSICAL SPECIFICATIONS -

All cushIOns: * square top and bottom faces 
* top and bottom faces are "HI-Gnp" rubber 

SQ72 and SQ84 models are reinforced Internally In the top and bottom to keep the cushIOn ngld when full 
Inflated. 

Cushion 

SQ24 Starter cushIOn, hfts 2860 kg (6300 Ib) 61 cm (24 In) high. ReqUires about an 4 cm (1.5 In) 
gap for insertIOn. 

SQ42 Sloping top. Vertically hfts (up to 127 cm (50 In) high) loads of 7330 kg (16 1281b) @ 48 kPa 
(7 pSI) or 10470 kg (23040 Ib) @ 69 kPa (to pSI). . 

SQ72 Vertically hfts loads of 7330 kg (16 128 lb) @ 48 kPa (7 pst) or 10470 kg (23040 Ib) @ 69 kPa 
(10 pSI). 

SQ84 IS Sloping top and bottom (2.1 m (7 ft) outside, 1.8 m (6 ft) inside), with budt In tie down 
straps. For llftlng loads where the top IS lower than the bottom (eg. truck overturned Into a 
ditch). Vertically hits loads of 7330 kg (16 1281b) @ 48 kPa (7 pSI) or 10470 kg (23 040 lb) 
@ 69 kPa (10 pSI). 

GIANT ONE 2.4 x 1.5 x 1.8 m (8 x 5 x 6 ft). Lifts 18180 kg (40 000 Ib) vertically. 

GIANT TWO 3 x 1.5 x 2.1 m (10 x 5 x 7 ft). Lifts 22270 kg (50000 Ib) vertically and "hfts and rolls" 
34 100 kg (75 000 Ib). 



380 

Kits 

Quantity of Cushions 

Kit SQ24 SQ42 SQ72 SQ84 IS GIANT ONE GIANT TWO 

A 2 4 
B 2 '+ 
C 2 4 
D 2 
E 2 

All kits mclude a compressor valve block, 4 x 6.1 m (20 ft) hoses and 2 x l2.2 m (40 it) hoses. 

OPERATING SPECIFICATIONS - Recommend washmg cushions Immediately after use m a spill environment 
of aCid, caustic, or solvents due to the nature of constructIOn of the seams. 

Steel grates placed beneath the cushIOns are suggested for mcreased traction and separation from the 
spilled material on the ground. 

Maximum mflatlOn pressure: Giant cushions 34 kPa (5 pSI) 
Others 48 kPa (7 pSI) 

Place cushions near the outside edge of the load, not under the center lme of the load. 

The compressor should pump less than 1.4 m3/mm (50 cfm) and at a pressure less than 207 kPa (30 pSI). 

Under hot conditIOns, deflate cushIOns as soon as possible after completmg lift to prevent further lIftmg by 
the expansion of hot air m the cushIOns. 

STATUS OF DEVELOPMENT AND USAGE - CommerCially avatlable for lIftmg overturned vehicles on 
highways or ratlways. 

PERFORMANCE - Safehft Air CushIOn systems have been used by towmg compames m the UnIted States for 
several years. Contact the manufacturer hsted below to discuss their app!tcatlOns. 

A V AIL ABILITY AND COMMERCIAL INFORMATION -

Wreckers InternatIOnal Limited 
Port Commerce Centre 
1961 West 9th Street 
RlVlera Beach, FL 33404-7005 
U.S.A. 
Telephone (05) 844-5594 
Contact: Bill Jackson, President 

Mark Anderson 

OTHER DATA - None obtamed. 

Reference: personal commumcatlOn, Mr. Wyttkop, Pennmgton Wrecker Service (a salvage contractor), NJ 
(October 24, 1983), telephone (609) 737-2958. 
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PRODUCT SOLIDS BROADCASTER (M5A ROCKDUSTER) No. 160 

APPLICABILITY Gas Liquid Solid 
Sol FI Sk Sol FI Sk 

--------------------------------.. .. .. 
Note: Applicable for spreading powdered treating agents over spills on land or water. 

DESCRIPTION - A portable high-pressure dlstnbutor for general applicatlOn of bagged rockdust. The umt 
could be used in hazardous material spills by replaCing rockdust With treating agents. It consists mamly of 
blower, motor, conveyor screw (auger) assembly, hopper and hoses. 

Hopper 

Hose 

~~/ 

Blower & Auger 
~ ~otor Starter 

Blower /" 

\~ \ 
Auger (\1-

r;,~ 
\.'0"" 

./ 

OPERA TING PRINCIPLE - The treating matenal IS fed through the hopper and into the conveyor screw 
assembly. As the motor turns the conveyor screw, the matenal drops into a blOWing air stream and 
discharges out of the hose. 

PHYSICAL SPECIFICA nONS -

Bantam'" 400 Rockdust Dlstnbutor 

Motor: Intermittent-duty 5 hp 
Hopper Capacities: 18 kg, 36 kg, 72 kg (40 Ib, 80 lb, 160 Ib) 
Power ReqUirements 250 VDC, 550 VDC, 440 VAC, 550 V AC, or 90 VDC (With 15 m power cable). 
Hose: Plastic-reinforced, 51 mm (2 in) dla. 15 m (50 ft) long. 

Hopper 
Height Weight Capacity Length 

Models (mm) (in) (kg) (Jb) (kg) (Jb) (m) (ft) 

Skid-mounted, less hopper 381 (15) 295 (650) 1.9 (6) 
Skid-mounted, With small hopper 559 (22) 313 (690) 36 (79) 1. 9 (6) 
Skid-mounted, With large hopper 686 (27) 318 (701) 72 (158) 1.9 (6) 
QUick-detachable truck, adds 229 (9) 79 (74) 0.5 (1.6) 
Permanent truck, adds 178 (7) 50 (110) 0.5 (1.6) 
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Hydraulic Bantam Rockdust Distributor 

Motor: Hydraulic 
Power Requirements: 55 bar (800 pSI), 30-45 L/mm (8 to 12 U.S. gpm) 
Hose: Plastlc-remforced, 51 mm (2 m) dla., 15 m (50 ft) long 
DlmenslOns, less hopper: 0.34 x 1.4 m (I x 4.5 ft) (high x long) 
Hopper Capacities: 18 kg, 36 kg, 72 kg (40 Ib, 80 Ib, 160 Ib) 
Weight: 114 kg (250 Ib) 

OPERA TING SPECIFICATIONS -

Based on rockdust (ground hmestone: 30% thru 20 mesh 70% thru 200 mesh). Use with other materials 
may require machme alteratlOns. 

Flowrates (through 51 mm (2 m) hose): 

kg/mm (Ib/mm) with Length of hose (m) (ft) 

Bantam 400 

Hydrauhc Bantam 

45 (100) 
23 (50) 
8 (17) 

31 (68) 
24 (53) 
16 (35) 

8 (25) 
30 (100) 

122 (400) 

8 (25) 
30 (100) 
77 (250) 

Bantam/Trickle Duster'" CombmatlOn Rockduster 

Same flow rates as Bantam'" 400 Rockdust Distributor plus the Trickle Duster Hopper with a capacity of 
182 kg (400 Ib) has flow rates of (through a 51 mm (2 m) hose): 

1.6 kg/min with 8 m hose (3.51b/mm with 25 ft hose) 
1.3 kg/min with 15 m hose (2.8 Ib/mm with 50 ft hose) 
1.0 kg/min with 100 m hose (2.21b/mm with 400 ft hose) 
0.4 kg/mm with 106 m hose (0.8 Ib/mm with 350 ft hose) 

The Trickle Duster Hopper can be detached and located up to 30 m (100 ft) away from the Bantam for 
remote operation. 

STATUS OF DEVELOPMENT AND USAGE - The Ime of MSA Rockdust Distributors IS undergomg redesign. 
New data Will be avaJlable m the Fall, 1984. 

These are bemg marketed primar!ly for the mmmg and constructlOn mdustrles. 

PERFORMANCE - The MSA Rockdust Distributors have been mcorporated mto hazardous material spills 
countermeasures systems such as the EPA Mob!le Dlspersmg System (MDS) for spreadmg the "EPA's 
Multipurpose Gellmg Agent" (see Entry No. 76) and the EPA concept of "Vapour Suppression by Artificial 
Coolmg" (Entry No. 30). 

AV AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

MSA Research Corporation 
Evans City, PA 16033 
U.S.A. 
Telephone (412) 538-3510 
Contact: Mr. C.H. Staub, 

Director of Marketmg 

OTHER DATA - None obtamed. 

In Canada: 

Mme Safety ApphcatlOns (MSA) Co. of Canada Ltd. 
148 Norfmch Dr. 
Downsvlew, Ontario 
M3N lX8 
Telephone (416) 667-9400 
Telex 065-27286 
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--------------------------------------------------------------

PRODUCT VETTER POWER LIFTING BAGS 

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

APPLICABILITY Gas 

* 

Liquid 
Sol FI 

* .. 
Directly applicable to contamer not rnaterlal. 

Solid 
Sk Sol FI 

* * 

No. 161 

"--- ------------------

Sk 

DESCRIPTION - Alr-mflated lifting bags remforced with steel cord and fabncated In flat models designed for 
the Iiftmg, pushmg, prymg or bendmg of heavy objects, mcludmg derailed tank cars, tank trucks, and other 
heavy equipment, necessitated durmg rescue work repairs, or the cleanup of spills. 

OPERATING PRINCIPLE - The Iiftmg bag IS positIOned m ItS deflated state either alone or with harnesses 
and/or straps and then mflated via pressure regulator by compressed air cylinder, manual pump, truck tire 
or other source. 

PHYSICAL SPECIFICATIONS - Nine Vetter Mml Bags are avaJiable constructed of steel cord-reinforced 
Neoprene and synthetiC rubber m 6 layers. 

Model Size (em) Height (cm) Weight (kg) 

VIO 37 x 37 2.5 4.5 
VI2 32 x 52 2.5 5.5 
VI8 47 x 52 2.5 8.0 
V24 52 x 62 2.5 10.3 
V24L 31 x 102 2.5 10.2 
V31 65 x 69 2.5 17 
V40 78 x 69 2.5 19.8 
V54 86 x 86 2.5 26 
V68 95 x 95 3.0 39 
----

A wide range of accessories IS available which Includes dual safety controller, safety valves, pressure gauges, 
compressed air hose, pressure reducer, tlre-Inflatmg connector, hand and foot pumps, rescue kitS, etc. 



384 

OPERATING SPECIFICA nONS -

Max. Max. Max. 
Model Lift (t) Lift (em) Pressure (bar) 

VI0 9.6 20.3 8 
V12 12.0 20.0 8 
V18 17.7 27.0 8 
V24 24.0 30.6 8 
V24L 24.0 20.1 8 
V31 31.4 37.0 8 
V40 39.6 40.2 8 
V54 54.4 47.8 8 
V68 67.7 52.0 8 

Material of constructIOn 1S: oll-res1stant 
self-extmgUlshmg 
ant1-stat1c 
retams flex1bll1ty to -60°C 
has ant1-shp surface 

Burst. 
Pressure (bar) 

48.3 
71.3 
38.7 
48.3 
74.3 
42.0 
35.0 
35.5 
34.7 

A llst of chem1cal compat1bll1ty can be obtamed from the manufacturer. 

InflatIOn 
T1me (s) 

3.8 
4.8 
9.0 

13.8 
9.9 

23.7 
31.1 
51. 9 
66.3 

STATUS OF DEVELOPMENT AND USAGE - Commerc1al product des1gned for hftmg or prymg objects where 
rescue, repa1r or other task would be fac1htated. Ut1hty of the lIftmg bag durmg the cleanup of hazardous 
matenal spllis would depend upon the C1rcumstances of the mC1dent. Example appllcatlOns c1ted by the 
manufacturer refer mamly to equ1pment repa1rs, constructIOn, and rescue. 

PERFORMANCE - Documentat1on of the performance of hftmg bags used m hazardous matenal sp1ll response 
was not rece1ved. 

AVAILABILITY AND COMMERCIAL INFORMATION-

Manufacturer: 

Manfred Vetter GmbH 
0-5352 Zuelp1ch 
West Germany 
Telephone 02252-2081 
Telex 8869818 

Canad1an D1stnbutor: 

Safety Supply Canada 
214 Kmg Street East 
Toronto, Ontano 
M5A lJ8 
Telephone (416) 292-8888 
(Branches are located throughout Canada.) 

OTHER DATA - The manufacturer also fabricates Vetter leak-sealmg bags. See SectIOn 1.1 Leak M1t1gat1on 
Entry No.9. 
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---------------
PRODUCT WIZARD SELF- PROPELLED DRUM DEHEADER No. 162 

------------ ----
APPLICABILITY Gas LiqUid SolId 

Sol FISk Sol FISk 

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

Note: ThiS tool IS designed for metal drums contaInIng solIds or lIquids. 

DESCRIPTION - A portable, powered device for removIng the heads of steel drums. 

OPERATING PRINCIPLE - A round cuttmg blade IS gUided In the honzontal plane around the edge of a drum. 
The dulled out edge IS firmly pressed agaInst the drum's Side leavIng a safe, smooth rim. 

PHYSICAL SPECIFICATIONS -

Standard ElectriC Models 

Models GS, HS and JS: 110 V, 60 Hz, sIngle-phase TEFC gearmotor. 
Models GS-3, HS-3, and JS-3: 220/440 V three-phase TEFC gearmotor. 
Optional electriC models FS50-3, HS50-3, and JS50-3: 220/440 V, 50 Hz, three-phase TEFC gearmotor. 
All of the above Include SWivel cord connectors. 
OptIOnal Explosion-proof Models GE, HE and JE. 

Standard Air Models 

Models GA, HA and JA: 1/2 hp developed with 11.8 L/s (25 cfm) of air at 275 kPa (40 pSI). 

OPERA TlNG SPECIFICATIONS -

Three ways to cut: 

INSIDE CHIME CUT, "G" MODELS: 
Model G leaves five layers of metal for maximum strength. Leaves "hands-safe" edge on drum. 
Cover not reusable. Best used on empty or partially empty drums. Drums to be reused for storage 
or shippIng contaIner. 

OUTSIDE CHIM CUT' "H" MODELS: 
Adjust to all chime Widths. Model H leaves four layers of metal Intact. Heads can be reused as 
covers. EspeCially useful when deheadIng full drums. 

OUTSIDE DRUM CUT, "J" MODELS: 
Model J IS fastest opening method for drums to be scrapped or where chime re-rolling IS Intended. 
Chime comes off with head. 
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STATUS OF DEVELOPMENT AND USAGE - CommercIally avatlable and wIdely used wherever metal drums 
are used. 

PERFORMANCE - Used to dehead more than 2500 drums at Schenectady ChemIcals resin plant, Rotterdam 
JunctIon, New York, personal communicatIOn WIth manufac-turer. 

AV AILABILITY AND COMMERCIAL INFORMATION -

Manufacturer: 

WIzard Drum Tools 
1263 North 70th St. 
MIlwaukee, WI 53213 
U.S.A. 
Telephone (414) 476-7717 
TWX 910-262-1189 

Dlstnbutor: 

BASCO 
Barrel Accessones &: Supply Co. 
4647 West 47th St. 
ChIcago, IL 60632 
U.S.A. 
Telephone (312) 767-8100 or 

1-800-621-0621 

Consult Fraser's CanadIan Trade DIrectory for a complete ltstmg of drum accessones dealers m Canada. 

OTHER DATA - WIzard also markets a "DUO OPENER" (powered by any 13 mm (1/2 m) industnal dnll), "All­
Plug" Universal Wrench, De-kmker, Drum Opener Tower (holds de header eqUIpment at proper working 
heIght) and a Manual 400 opener (see Entry No. 155). 



APPENDIX A 

CLEANUP CONTRACTORS 



CANADA 

D & D Disposal ServlCes Ltd. 
P.O. Box 372 
SmithvIlle, Ontano 
LOR 2AO 
Telephone (416) 957-3323 
Contact: Mr. T. W. Drew 

KINETIC CONTAMINANTS CANADA 
LIMITED 
Nisku Industnal Park 
Nisku, Alberta 
Telephone (403) 955-7161 
Contact: Mr. A. Leander 

SANIVAN INC. 
1705 3rd Avenue, P .A. T. 
Montreal, Quebec 
HIB 5M9 
Telephone (514) 353-9170 
Contact: Mr. G. Allard 

TRICIL INC. 
6785 Route 102 
Ste Cathenne, Quebec 
J OI lEO 
Telephone (514) 632-6640 
Contact: Mr. J. Brassard 
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UNITED STATES 

BROWNING-FERRIS INDUSTRIES, INC. 
Fanmn Bank BuIldmg 
Houston, TX 77030 
Telephone(713) 890-8100 or 

(713) 790-1611 
Contact: Mr. R.A. Johnson, Vice President 
Chemical Waste Systems 

CROWLEY ENVIRONMENTAL SERVICES 
CORPORA nON 

3400 East Margmal Way South 
Seattle, WA 98134 
Telephone (206) 682-4898 
Contact: Mr. M.A. Gralg, Marketmg Manager 

ENVIRONMENT AL EMERGENCIES SER VICES 
COMPANY 

Portland DlvlslOn 
Ft. of N. Portsmouth 
P.O. Box 3320 
Portland, OR 97208 
Telephone (503) 285-9111 
Contact: Mr. B. Connelly 

ENVIRONMENT AL POLLUTION CONTROL 
SERVICES, INC. 

SubSidiary of Coastal Industnes, Inc. 
P.O. Box 5555 
Akron,OH 44313 
Telephone (216) 867-8925 
Contact: Mr. K. Gossard 

FONDESSY ENTERPRISES, INC. 
ASSOCiated Chemical and EnVironmental 
SerViCes, Inc. (ACES) 
876 Otter Creek Road 
P.O. Box 7571 
Oregon,OH 43616 
Telephone (419) 726-1521 (24 hrs) 

IT SER VICES, INC. 
336 W. Anachelm 
WIlmmgton, CA 90744 
Telephone (213) 830-1720 
Contact: Mr. R. Allison 

JET LINES SERVICES, INC. 
P.O. Box 180 
441 R Canton Street 
Stoughton, MA 02072 
Telephone (617) 843-2829 
Contact: Mr. J. Hickman 

MARINE POLLUTION CONTROL, INC. 
460 TerrYVille Road 
Port Jefferson Station 
Long Island, NY 11776 
Telephone (516) 473-9132 
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UNITED STATES - continued 

NEW ENGLAND POLLUTION CONTROL COMPANY, INC. 
Newark, NJ 
Telephone (201) 589-1282 
Contact: Mr. L. Green 

OH MATERIALS COMPANY 
P.O. Box 1022 
Flndlay,OH 45840 
Telephone (419) 423-3526 
Contact: Mr. J. Zltkovlc 

PEABODY CLEAN INDUSTR Y 
Hazardous MaterIals DIvIsIOn 
2 Lincoln Street 
Lmden, NJ 07036 
Telephone (20 I) 862-2722 

SCA CHEMICAL WASTE SER VICES, INC. 
60 State Street 
Boston, MA 
Telephone (617) 367-8300 
Contact: Mr. C.T. TIller 

SED INC. 
Box 1306 
Waukesha, WI 53187 
Telephone (414) 784-3740 

UNITED STATES TESTING COMPANY 
1415 Park Avenue 
Hoboken, NJ 
Telephone (201) 792-2400 
Contact: Mr. E. RIder 

WASTE MANAGEMENT INC. 
900 Jorrle Boulevard 
Oak Brook, IL 60521 
Telephone (312) 654-8800 
Contact: Mr. D. PrIce, General Manager 

ChemIcal Waste OperatIons 



APPENDIX B 

CANADIAN CHEMICAL SUPPLIERS 



A &. B CHEMICAL PRODUCTS 
R.R.4 
Stouffvllle, OntariO 
LOH lLO 
Telephone (416) 294-5054 

A &. C AMERICAN CHEMICAL LIMITED 
3010 De Baene Street 
St. Laurent, Quebec 
H4S lL2 
Telephone (514) 336-1493 

(514) 336-0508 

A &. K PHRO-CHEM INDUSTRIES LIMITED 
710 Arrow Road 
Weston, OntariO 
M9M 2Ml 
Telephone (416) 746-2991 

ADRO CHEMICAL PRODUCTS 
5740 HamIlton Street 
Montreal, Quebec 
H4E 3B8 
Telephone (514) 766-2383 

(514) 766-2384 

AIR PRODUCTS 
2090 Steeles Avenue 
Brampton, OntarIo 
L6T IA7 
Telephone (416) 791-2530 

ALCAN CANADA PRODUCTS LIMITED 
1000 Sherbrooke Street West 
SUIte 2000 
Montreal, Quebec 
H3G lG7 
Telephone (514) 877-2340 

ALCHEM INC. 
P.O. Box 5002 
BurlIngton, OntarIO 
L7R 3Y9 
Telephone (416) 632-8791 

ALDERT CHEMICALS LIMITED 
648 FInch Avenue East 
Wlllowdale, OntarIo 
M2K 2E6 
Telephone (416) 223-0404 

ALKARIL CHEMICALS LIMITED 
3265 Wolfedale Road 
Mlsslssauga, OntariO 
UC lV8 
Telephone (416) 270-5534 

ALLIED CHEMICAL CANADA LIMITED 
237 Hymus Boulevard 
POInte ClaIre, Quebec 
H9R lG3 
Telephone (514) 697-9210 
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AMOCO CANADA PETROLEUM 
COMPANY LIMITED 

444 - 7th A venue S W 
Calgary, Alberta 
T2P OY2 
Telephone (403) 267-0001 

ANACHEMIA LIMITED 
P.O. Box 147 
LachIne, Quebec 
H8S 4A7 
Telephone (514) 489-5711 

ARLISS CHEMICAL COMPANY INC. 
325 Hymus Boulevard 
POInt Claire, Quebec 
H9R IG8 
Telephone (514) 694-2170 

BASF CANADA LIMITED 
5850 Cote De Llesse 
Montreal, Quebec 
H4T ICI 
Telephone (514) 341-5411 

BATE CHEMICAL COMPANY LIMITED 
160 Lesmlll Road 
Don Mills, Ontario 
M3B 2T7 
Telephone (416) 445-7050 

BA YER (CANADA) INC. 
7600 Trans-Canada HIghway 
POInte ClaIre, Quebec 
H9R IC8 
Telephone (514) 697-5550 

BHZ LABORATORIES L TD-L TEE 
3026 Solandt Road 
Kanata, OntarIO 
K2K 2A5 
Telephone (613) 592-5050 

BORDER CHEMICAL DIVISION OF 
BORDER FERTILIZER LIMITED 
P.O. Box 100 
Transcona, ManItoba 
Telephone (204) 222-3276 

C-I-L INC. 
45 Sheppard Avenue East 
Wlllowdale, OntarIO 
M2N 5S8 
Telephone (416) 226-7532 

(416) 226-7250 

CALGON CANADA 
27 FInley Road 
Bramalea, OntarIO 
L6T IB2 
Telephone (416) 457-5310 



CANADA COLORS & CHEMICALS 
LIMITED 

80 Scarsdale Road 
Don Mills, Ontano 
M3B 2R7 
Telephone (416) 924-6831 

CANADA PACKERS INC. 
CHEMICAL DIVISION 
5100 Tlmberlea Boulevard 
Mlsslssauga, OntarlO 
L4W 2S5 
Telephone (416) 624-7000 

CANADIAN HANSON LIMITED 
45 Vansco Road 
Toronto, Ontario 
M8Z 5J7 
Telephone (416) 255-1371 

CANADIAN LIQUID AIR COMPANY 
LIMITED 

1155 Sherbrooke Street West 
Montreal, Quebec 
H3A IH8 
Telephone (514) 842-5431 

CANADIAN OCCIDENT AL PETROLEUM 
INDUSTRIAL CHEMICALS DIVISION 
100 Amherst Avenue 
North Vancouver, B.C. 
VlH IS4 
Telephone (604) 929-3441 

CANADIAN OXYGEN LIMITED 
355 Horner Avenue 
Toronto,Ontano 
M8W lZ7 
Telephone (416) 251-5241 

CAPO POLISHES LIMITED 
2279 FairView Street 
Burlmgton, Ontano 
L7R 2E3 
Telephone (416) 827-7890 

CELANESE CANADA INC. 
Two Robert Speck Parkway 
MlsslssalJga,Ontano 
L4Z IH8 
Telephone (416) 276-9272 

(416) 276-9333 

CHEMSOL VE LIMITED 
505 Consumers Road 
Willowdale, Ontario 
M2J 4V8 
Telephone (416) 493-2300 

CHURCH & DWIGHT LIMITED 
75 The Donway West 
Don Mills, Ontario 
M3C 2E9 
Telephone (416) 444-5241 
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ClBA-GEIGY CANADA LIMITED 
205 Bouchard Boulevard 
Dorval 780, Quebec 
Telephone (514) 631-4841 

CLOUGH CHEMICAL COMPANY LIMITED 
178 St. Peter Street 
St. Johns, Quebec 
J3B 5W4 
Telephone (514) 866-8656 

(514) 346-6848 

COTE CHEMICALS INC. 
III Bombardier Park 
Chateauguay Centre, Quebec 
J6J 3XO 
Telephone (514) 691-6260 

CY ANAMID CANADA INC. 
2255 Sheppard Avenue East 
Willowdale, Ontario 
M2J 4Y6 
Telephone (416) 498-9405 

DEARBORN CHEMICAL COMPANY LIMITED 
P.O. Box 3060, Station "A" 
Mississauga, OntarlO 
L5C 2S9 
Telephone (416) 279-2222 

DEMPSEY FRANK E & SONS LIMITED 
47 DaVies Avenue 
Toronto, Ontario 
M4M 2Bl 
Telephone (416) 461-0844 

DIAMOND SHAMROCK CANADA LIMITED 
P.O. Box 5123, StatlOn "E" 
Hamilton, Ontario 
L8S 4L4 
Telephone (416) 525-4660 

DOMT AR CHEMICALS GROUP 
CDC DIVISION 
1136 Matheson Boulevard 
Mlsslssauga, Ontano 
L2W 2V4 
Telephone (416) 625-4240 

(416) 624-5700 

DOMTAR CONSTRUCTION MATERIALS 
LIMITED 

2001 University Street 
Montreal, Quebec 
H3A 2A6 
Telephone (514) 282-5456 

(514) 282-8486 

KERT CHEMICAL INDUSTRIES LIMITED 
171 Fenmar Drive 
Weston, Ontario 
M9L IM8 
Telephone (416) 749-5220 



KINGSLEY & KEITH (CANADA) LIMITED 
310 VICtoria Avenue 
Montreal, Quebec 
H3Z 2M8 
Telephone (514) 487-1550 

LA WRASON'S CHEMICALS LIMITED 
180 Adelaide Street South 
P.O. Box 2425 
London, OntarIO 
N6A 4G3 
Telephone (519) 686-9335 

(800) 265-4694 

LEINER P & SONS (CANADA) LIMITED 
2175 Sheppard Avenue East 
Willowdale, Ontario 
M2J lW7 
Telephone (416) 491-8997 

LEVITT-SAFETY LIMITED 
33 Laird Drive 
Toronto, Ontario 
M4G 3S9 
Telephone (416) 425-8700 

LIME & SAL T DIVISION 
DOMT AR CHEMICALS GROUP 
395 Maisonneuve Boulevard West 
Montreal, Quebec 
H3C 3M3 
Telephone (514) 282-5400 

LIQUID CARBONIC CANADA L TDIL TEE 
1945 Graham Boulevard 
Montreal, Quebec 
H3R IHI 
Telephone (514) 731-6461 

LOMAS L V CHEMICAL COMPANY 
LIMITED 

6365 Northwest Dnve 
Mlsslssauga, Ontario 
L4V lJ8 
Telephone (416) 741-6602 

(416) 677-6781 

MAGNUS CHEMICALS LIMITED 
190 Boulevard Industrlel 
Bouchervdle, Quebec 
J4B 2X3 
Telephone (514) 655-1344 

MALLINCKRODT CANADA INC. 
600 Delmar Avenue 
POinte Claire, Quebec 
H9W 1E6 
Telephone (514) 695-1220 

MOGUL CANADA 
8400 Cote De Llesse Road 
St. Laurent, Quebec 
H4T 1G7 
Telephone (514) 735-5541 
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MONSANTO CANADA LIMITED 
2000 Argentla Road 
P.O. Box 787 
UM 2G4 
Telephone (416) 826-9222 

NATIONAL SILICATES LIMITED 
P.O. Box 69 
Toronto, Ontario 
M8V 3S7 
Telephone (416) 255-7771 

PENNW AL T OF CANADA LIMITED 
700 Third Line 
Oakvdle, Ontario 
L6J 5A3 
Telephone (416) 827-9841 

PIGMENT & CHEMICAL COMPANY 
LIMITED 

5757 Cavendish Boulevard 
Montreal, Quebec 
H4W 2W8 
Telephone (514) 489-9396 

QUADRA CHEMICALS LIMITED 
7575 Trans Canada Highway 
St. Laurent, Quebec 
H4T IV6 
Telephone (514) 337-2454 

QUATIC CHEMICALS LIMITED 
61 Lew IS Road 
Guelph, Ontario 
NIH 6M6 
Telephone (519) 821-7780 

ROHM & HAAS CANADA LIMITED 
2 Manse Road 
West Hdl, Ontario 
MIE 3T9 
Telephone (416) 364-3234 

SAFETY SUPPLY COMPANY 
214 King Street East 
Toronto, Ontario 
M5A 1J8 
Telephone (416) 364-3234 

SHEFFORD CHEMICALS LIMITED 
1028 Prlnclpale 
Granby, Quebec 
J2G 8C8 
Telephone (514) 378-0125 

SHELL CANADA LIMITED 
505 University Avenue 
Toronto, Ontario 
M5G lX4 
Telephone (416) 866-7111 

SIGNAL CHEMICALS COMPANY LIMITED 
12 Carlaw Avenue 
Toronto, Ontario 
M4M 2R7 
Telephone (416) 461-8181 



ST. LAWRENCE CHEMICAL COMPANY 
(SALES) LIMITED 

54-05 Pare Street 
Montreal, Quebec 
H4-P IP7 
Telephone (514-) 731-3628 

ST ANCHEM DIVISION 
PPG INDUSTRIES CANADA LIMITED 
5029 St. Ambroise Street 
Montreal, Quebec 
H4-C 2E9 
Telephone (514-) 933-6721 

STEEL BROTHERS CANADA LIMITED 
LIME DIVISION 
4-836 - 6 Street N E 
Calgary, Alberta 
T2E 3Z9 
Telephone (4-03) 276-9335 

STEELEY TALC LIMITED 
MINERALS GROUP 
605 James Street North 
Hamilton, Ontario 
L8N 3S9 
Telephone (4-16) 527-3671 

SUMMIT LIME WORKS LIMITED 
P.O. Box 700 
Lethbridge, Alberta 
TlJ 3Z6 
Telephone (4-03) 329-074-3 

TRA VIS CHEMICALS 
715 - 5th Avenue S.W. 
SUite 1710 
Calgary, Alberta 
T2C 2X6 
Telephone (4-03) 263-8660 

UNITED CHEMICALS LIMITED 
P.O. Box 2090 
Saskatoon, Saskatchewan 
S7K 3S7 
Telephone (306) 382-4-088 

VAN WATERS & ROGERS LIMITED 
9800 Van Horne Way 
Richmond, B.C. 
V6X lW5 
Telephone (604-) 273-14-4-1 

WINFIELD CHEMICAL INDUSTRIES 
LIMITED 

P.O. Box 1134-
Woodstock, New Brunswick 
EOJ 2BO 
Telephone (506) 328-6851 
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