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TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY HANDBOOK

* DISCLAIMER *

This document is intended to be used as areference. All decisions to order or use any
of the items contained within should be authorized through your official chain of
command.

*HEALTH & SAFETY CONCERNS*

It is important to understand that some of the alternate chemicals or processes listed
herein may be more “environmentally friendly” than the current method being used,
but may pose health risks. These risks may involve additional personal protective
equipment (PPE), added ventilation, etc. It isimperative that you contact your local
industrial health specialist, your local health and safety personnel, and consult the
appropriate MSDS prior to implementing any of these technologies.

This sentiment is further emphasized in OPNAVINST 5100.23D Section 0803.2 which
states that: “ Any changes in the workplace which could affect exposures should
prompt reevaluation. The cognizant industrial hygienist shall establish procedures to
ensure he/sheis notified of any changes which could affect worker exposure to
potential hazards.”

* NOTE *

If you or someone at your activity has information which could be incorporated into
this document, please send your comments to:

Naval Facilities Engineering Service Center
Pollution Prevention Opportunities Comments
Code 423
1100 23rd Avenue
Bldg. 1500

Port Hueneme, CA 93043-4370



Registration Form

Please complete this registration form if you wish to receive information about upgrades and
changes.

Name:

Branch of Service: ___AirForce ___ Army ___MarineCorps  ___ Navy
Other:

Command name:

Address:

UIC: Code: Rank/Title:

Phone number (commercial) (DSN):

Email:

Format requested: _____ Electronic _____ Printed Version

NOTE: Anemail or anonymous FTP address must be supplied to receive electronic updates.

What topics do you feel need to be added to future upgrades?

How can the data sheets be improved?

Please fax replies to: Or mail repliesto:

(805) 982-4832 or DSN 551-4832 COMMANDING OFFICER
NFESC, CODE 423
1100 23RD AVENUE

PORT HUENEME CA 93043-4370



Feedback Form

We would appreciate your opinions to help us improve this handbook. Please take a minute to fill out this

questionnaire.

1. Areyou interested in receiving information on
upgrades and changes (system requirements
are 386 or above w/ 4MB of RAM)?

YES (please fill out registration form)

NO

2. Are the handbook data sheets clear and
concise? (circle one)

1 2 3 4 5
Not Clear
Clear

3. How can they be improved?

4. Does the handbook cover current P2 topics?
(circle one)

1 2 3 4 5
Not Current
Current

5. What topics do you feel need to be added?

6. Isiteasy to find information on a specific topic?
(circle one)

1 2 3 4 5
Difficult Easy

7. s the electronic version easy to use? (circle one)
1 2 3 4 5
Difficult Easy

8. What do you like most about the handbook?

9. Isthere anything you dislike about the
handbook?

10. Your overall satisfaction with the handbook is:

(circle one)
1 2 3 4 5
Very Very
Low High
Please fax replies to: Or mail replies to:
COMMANDING OFFICER

(805) 982-4832 or DSN 551-4832

NFESC, CODE 423
1100 23RD AVENUE
PORT HUENEME CA 93043-4370
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INTRODUCTION

The purpose of the Tri-Service Pollution Prevention Opportunity Handbook is to
identify available “off-the-shelf” pollution prevention (P2) technologies, management
practices, and process changes that will reduce the amount of hazardous waste and solid
waste being generated at DOD industrial facilities. The handbook was developed by the
Naval Facilities Engineering Service Center (NFESC) under the direction of the Office
of the Chief of Naval Operations (CNO-N451) and the Naval Facilities Engineering
Command (NAVFAC). Input for the handbook was coordinated with the Air Force
Center for Environmental Excellence (AFCEE) and the Army Environmental Center
(AEC).

P2 techniques included in the handbook are presented in the form of technical data
sheets. The data sheets are organized into the following categories:

» Metal Finishing » Solid Waste

» Hazardous Waste Minimization * Solvent Substitution

» Ozone Depleting Substances » Wastewater Treatment

* Painting » Storm Water Treatment

* Depainting * Preproduction Technologies

¢ Petroleum, Oils, and Lubricants

Each data sheet presents information that includes:

* Service process code * Benefits

* Applicable EPCRA targeted chemical(s) < Disadvantages

» Overview » Economic analysis
» Materials compatibility » Approval authority
» Safety and health * Points of contact

* Vendor listing (information provided here is not intended as an endorsement for any
particular vendor’s services, products, hardware, or proprietary process).

The handbook will be updated semi-annually as NFESC, AFCEE, AEC, and others
continue to investigate and develop new solid waste and hazardous waste management
technologies. The handbook should be considered a preliminary source of information
for identifying potential P2 techniques and providing contacts for gathering additional
information.

P2 information can also be obtained from the Pollution Prevention Library on the
Defense Environmental Network and Information Exchange (DENIX) bulletin board
system. DENIX also includes a broad range of environmental information from the
Navy, Air Force, Army, EPA, OSD, DLA, and other federal agencies. DOD personnel
are encouraged to obtain a DENIX log-in for the most current, up-to-date environmental
P2 information throughout DOD. To request alog-in, contact the DENIX Data Manager
at (217) 373-6790.
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ELECTRODIALYSISTECHNOLOGY FOR ANODIZING BATH SOLUTIONS

Revison: 1/96

Process Code: Navy: ID-04-99; Air Force: MTO3; Army: N/A

Opportunity: Reduction of the hazardous waste volume generated and the associated
disposal costs

Applicable EPCRA Targeted Constituents: Sulfuric Acid, Aluminum

Overview: Electrodialysis is a process that will efficiently maintain alow metal ion
concentration in the anodizing bath solution by transporting metal ions
from the bath solution through a selective membrane into a capture
media using an electrical current to induce flow.

When anodizing aluminum, for example, the bath solution is required to
be changed out and disposed of when the aluminum concentration
reaches 80-100 gramg/liter. The spent solution contains high levels of
sulfuric acid and aluminum, requiring neutralization and metals removal
for atypically large volume prior to disposal.

Electrodialysis does not affect the anodizing process. It is simply a
process that can indefinitely extend the useful life of the bath solution
by maintaining a low concentration of metal ions. The capture media,
catholyte, is not immune to the presence of the metal ions and forms a
concentrated sludge. The sludge must be removed from the unit and the
catholyte changed out on a regular basis to ensure effective metals
removal from the anodizing bath solution. The recovered sludge is a
hazardous waste containing high concentrations of metal that can be
reclaimed by an outside company.

Materials
Compatibility: N/A

Safety and Health:  Spent sulfuric acid waste can be extremely corrosive to skin tissue. Contact
with the body can result in severe burns. Proper personal protective
equipment should be used.

Consult your local Industrial Health speciaist, your local health and safety
personnel, and the appropriate MSDS prior to implementing any of these
technologies.

Benefits: - Reduction of hazardous waste volume and the associated disposal
Costs.
Metals reclamation and reduction of liability if sludge is recovered
by an outside company.
Indefinite extension of anodizing bath solutions useful life.
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Disadvantages.

Economic Analysss.

Lower annual cost for chemical makeup & replacement.

Improved production quality and consistent reproducibility of
manufactured parts due to control of the metal ion concentration in
the anodizing bath solution.

Moderately high capital cost.

Increase in the number of possible exposures with regard to the
handling of hazardous waste.

Ability to locate company that will recover and reclaim metals from
the sludge.

The addition of an electrodialysis unit to an anodizing bath system can
significantly reduce the volume of hazardous waste generated and the
associated disposal costs. Variables affecting the capital cost, operation
& maintenance costs, and the hazardous waste disposal costs with
regard to the addition of an electrodialysis unit include:

The frequency of pre-change bath solution replacement

Cost to heat the bath solution after replacement

The metal ion loading rate for the bath solution

The metal ion removal rate of the electrodialysis unit

Ability to locate an outside company to recover the generated
sludge.

Assumptions

Volume of anodizing bath solution, 5000 gal.

Volume of electrodialysis unit, 55 gal.

Labor costs are equal for both methods

Anodized bath solution requires 10% vol. sulfuric acid, $200, and
10 oz/gal chromic acid, $1500, per changeout

Anodizing bath solution replaced once a year

Anodizing bath make-up solution volumes and costs are negligible
Electrodialysis solution, catholyte, is $50 per 55 gal make-up.
Catholyte replacement during the first six months of operation shall
be weekly, thereafter, on a bi-weekly basis

Annual energy costs for the electrodialysis unit:

($0.07/KW>hr)[ (400 amp)(12 volt)K/1000](8 hr/day)(250 day/yr)
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Cost Comparison

Annual Cost 1% Y ear Cost Annual Cost
using current with new with new
Technology Technology® Technology?
Capital Costs - 25000 -
Installation Costs - 4000 -
Electrodialysis Energy Costs - 672 672
Anodizing Bath Solution 1700 - -
Replacement/M ake-Up
Catholyte Solution Replacement - 1950 1300
Hazardous Waste Disposal Costs
Anodizing Bath Solution 5000 - -
Catholyte & Sludge - 600 400
Hazardous Waste Volume 5000 gal 2145 gal 1430 ga
Generated
Tota 6700 32222 2372
Payback Period: 6.9 years
Annual Savings after Payback Period: $4328
A smaller payback period and larger annual savings can be realized if
the anodizing bath solution is changed-out at a higher rate than stated
above prior to implementing the new technology.
! 57% Hazardous Waste Volume Reduction, 88% Reduction of
Hazardous Waste Disposal Costs
2 71% Hazardous Waste Volume Reduction, 92% Reduction of
Hazardous Waste Disposal Costs
Approval
Authority: Navy: Approval is controlled locally and should be implemented only

after engineering approval has been granted. Major claimant approval

is not required.

Pointsof Contact:  Michael Viggiano, Code 423
Naval Facilities Engineering Service Center

1100 23rd Avenue

Bldg. 1500

Port Hueneme, CA 93043-4370
(805) 982-4895, DSN: 551-4895
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Vendors: The following is a list of electrodialysis system manufacturers. This is
not meant to be a complete list, as there may be other manufacturers of
this type of equipment.

IONSEP Corporation, Inc.
P.O. Box 258

Rockland, DE 19732
(302) 798-7402

Baker Brothers/Systems

44 Campanelli Parkway
Stoughton, MA 02072-0507
(617) 344-1700

Eco Tec

925 Brock Road South

Pickering (Toronto) Ontario, Canada L 1W2X9
(905) 831-3400
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ELECTROLESSNICKEL BATH LIFE EXTENSION

Revision:
Process Code:
Opportunity:

1/96

Navy: ID-04-02; Air Force: MTO5; Army: N/A

Reduce the volume of hazardous waste generated and the associated
disposal costs.

Applicable EPCRA Targeted Constituents: Nickel

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:

Utilizing the Electroless Nickel (EN) bath life extension technology to
augment current EN operations can increase the life of the plating bath
at atypical naval facility up to ten-fold, reduce the volume of hazardous
waste generated by up to 90 percent and the associated disposal costs.
The EN bath life extension technology accomplishes this by performing
two functions: 1) it removes the chemical by-products formed during
the plating process, and 2) maintains the overall chemical balance of the
EN plating bath (nickel concentration, pH, temperature) through the
addition of bath chemicals (hypophosphite, reducing agents,
complexing agents, and bath stabilizers). EN plating consists of a
chemical process in which a reaction occurs to reduce nickel ions to
metal which deposit onto the part. Current practice is to changeout the
plating bath solution as it becomes loaded with contaminates that
interfere with the plating process and dispose of it as hazardous waste.
Typical EN wastestreams include orthophosphite, sulfate, and sodium
ions.

N/A

Nickel compounds can be irritating to the skin. Proper personal
protective equipment should be used.

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Decrease the volume of hazardous waste generated by up to 90%
and the associated disposal costs

EN bath life can be increased up to ten-fold

EN bath will require minimal chemical additions versus six to
twelve annual bath change-outs

Improved production quality due to stability of plating bath
parameters and quick removal of bath impurities that can cause poor
plating quality

Reduction of rework required due to poor plating quality
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Disadvantages.

Moderately high capital costs
Increased handling and exposure to workers from the addition of
plating bath chemicals

Economic Analysis: Variables affecting capital cost, operation & maintenance costs, and the
hazardous waste disposal costs with regard to the addition of an EN bath
life extension system include:

Capacity and size of the plating bath
Quantity of work to be processed
Ability to stabilize bath characteristics and remove impurities.

Assumptions for Cost Comparison

Volume of EN plating bath solution, 500 gal.

ENFINITY EN bath life extension technology will be implemented
(Implementation requires the use of the vendors EN system in
conjunction with the bath life extension technology)

Chemical replenishing costs based on plating thickness per sguare
footage of work processed. The ENFINITY vendor estimates a
process cost of $1.97 per mil*t?

(1 mil = 0.001 inches)

No additional labor costs, savings associated with fewer bath
change-outs will be offset by need to add chemicals, clean and
recondition EN plating tank

Bath life extended 5-fold

Cost Comparison

1st Year using EN

Subsequent Y ears

EN Plating System using EN Plating
Plating with Bath Life System with Bath Life
System Extension Extension Technology
Technology
Capital Costs (ENFINITY EN) - 35000 -
EN Chemical Bath Make-Up @
$1950 / 500 gal
10 Change-Outs 19500 - -
2 Change-Outs - 3900 3900
Hazardous Waste Disposal Cost
@ $2000 / 500 gal
10 Disposals 20000 - -
2 Disposals - 4000 4000
Total 39500 42900 7900

Payback Period: 1.1 years
Annual Savings after Payback Period: $31,600
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Approval
Authority:

Points of Contact:

Vendors:

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Michael Viggiano, Code 423

Naval Facilities Engineering Service Center
1100 23rd Avenue

Bldg. 1500

Port Hueneme, CA 93043-4370

(805) 982-4895, DSN: 551-4895

Glen Gramham

Tinker Air Force Base

Air Logistic Center Oklahoma
DSN 336-5185

The following is an Electroless Nickel plating system supplier. This is
not meant to be a complete list, as there may be other suppliers of this
type of equipment.

Stapleton Company
1350 W. 12th Street
Long Beach, CA 90813
(310) 437-0541
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HIGH VELOCITY OXY-FUEL THERMAL SPRAY

Revision:
Process Code:
Substitutefor:

1/96
Navy: ID-06-99; Air Force: MTO3; Army: N/A
Hard Chrome Plating

Applicable EPCRA Targeted Constituent: Chromic Acid, Sulfuric Acid, Lead, Chromium,

Nickel, and Copper

Overview:

Materials
Compatibility:

Safety and Health:

High Velocity Oxy-Fuel (HVOF) thermal spray technology is a dry
process that produces a dense metallic coating whose desired physical
properties are equal to or surpass those of hard chrome plating (HCP).
These properties include wear resistance, corrosion resistance, low
oxide content, low stress, low porosity, and high bonding strength to the
base metal.

HVOF thermal spray uses a fuel (i.e, propylene, hydrogen,
kerosene)/oxygen mixture in a combustion chamber. This combustion
process melts a metal containing powder that is continually fed into a
gun using a carrier gas (argon) and propels it at high speeds (3,000 -
4,000 ft/sec) towards the surface of the part to be coated. The high
speeds of the spray coating produce a coating that can be used as an
alternative to the HCP process. The metal powder is available in many
compositions, including nickel, nichrome, inconel, chrome carbide, and
tungsten carbide. Uniform coating thickness of up to 0.250 inches can
be achieved.

The only waste stream produced by HVOF is from the capture of the
overspray. Current users either use a water curtain filter system or a dry
high efficiency particulate air (HEPA) filter. Since the overspray
contains only the pure metal or aloy, it is feasible to recycle or reclaim
this waste stream.

N/A

When working with fine particulate matter that consists of various
compositions of different metals, inhalation is a primary concern. Proper
personal protective equipment should be used.

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.
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Benefits:

Disadvantages.

Economic Analysis:

HCP

Surface coating physical properties are at least equal to those of

Multiple choice of coating materials
Large volume reduction of hazardous waste and the associated
disposal costs

Line-of-sight process, can only coat the external surface of a part not
the inner diameters

High capital cost

Process must be housed in a full enclosure of sufficient size to
process parts that normally utilize HCP

The cost for implementing HVOF in lieu of continuing to use HCP to
apply a surface coating to production parts depends on many variables,
in particular the following:

Quantity of work to be transferred from HCP

Whether a robotic or manual system is used

Type of capture system used

Availability of space at the facility to house the HV OF enclosure

To better define these variables and some of the costs, the
implementation of HVOF technology at an existing DOD facility (Air
Logistic Center) as a replacement for 20% of the then current HCP
production will be examined.

Total number of HCP tanks at facility, 8

Current disposal treatment for HCP waste streams is pretreatment at
the Industrial Wastewater Treatment Plant (IWTP), unless the
facility has a zero discharge rinse water recycling system installed,
prior to release to the Public Owned Treatment Works (POTW)

20% of HCP production to be transferred to HVOF with an
additional 15% planned in the future

Manual system to be implemented, High Efficiency Particulate Air
(HEPA) filter selected for overspray capture system, space is
available to house the HV OF process

Capital Cost plus Installation of HVOF equipment, $100,000 -
120,000

Capital Cost of HEPA filter System, approx. $50,000

Fuel mixture is Oxygen/hydrogen

Metal powder for coating shall be Tungsten or Chromium Carbide,
$40-65 per pound

No additional labor resources are required as the displaced workers
will be trained for HVOF

Training provided by the manufacturer of the HV OF equipment
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Approval
Authority:

Points of Contact:

No disposal costs for overspray, recovered metals are sold to a local
refiner

Finished product cost is dependent on the number of parts processed
and the computed cost for consumables and labor per mil#t® of
coating (1 mil = 0.001 inches)

Toxic air emissions from HCP bath containers reduced

More than 90% volume reduction of rinse water that would have
been generated using HCP for allocated work

Annual savings will increase, while the payback period, air
emissions, hazardous waste generation, and the associated disposal
costs will continue to be reduced as more work is transferred to
HVOF

Estimated Payback Period: 1.5 years

Estimated Annual Savings after Payback Period: $70,000 at 20%
production transfer to HVOF; $200,000 at 35% production transfer

to HVOF

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Michael Viggiano, Code 423

Naval Facilities Engineering Service Center
1100 23rd Avenue, Bldg. 1500

Port Hueneme, CA 93043-4370

(805) 982-4895, DSN: 551-4895

Leonard Hayes

OCALC/LPPE

3001 Staff Drive, 2B93 Room 20
Tinker Air Force Base, OK 73145-3034
(405) 736-2289, DSN: 336-2289
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Vendors: The following is a list of HVOF equipment manufacturers. This is not
meant to be a complete list, as there may be other manufacturers of this
type of equipment.

TAFA, Inc.

146 Pembroke Road
Concord, NH 03301
(603) 224-9585

Sulzer Metco (USAINC)
1972 Meijer Drive

P.O. Box 84310

Troy, M| 48084

(810) 288-1200
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NON-CYANIDE NICKEL STRIPPERS

Revision:
Process Code:
Substitutefor:

1/96
Navy: ID-04-99; Air Force: MTO03, Army: N/A
Cyanide Based Nickel Stripping Processes

Applicable EPCRA Targeted Constituents: Nickel, Cyanides, and Chlorine

Overview:

Materials
Compatibility:

Non-cyanide based metal stripping removes metal based coatings from
production parts by dipping the parts in a bath solution, and rinsing.
Using a non-cyanide based metal stripping process reduces the volume
of hazardous waste generated and the associated disposal costs, and
exposure of personnel to hazardous materials and wastes.

Until recently, the maority of stripping of metal coatings from
production parts has been accomplished using cyanide based processes.
Parts that require rework often need to remove previously applied metal
coatings. Cyanide based processes are capable of removing many
different metal coatings such as nickel (Ni), silver (Ag), copper (Cu),
zinc (Zn), gold (Au), and other precious metals without damaging the
surface of the part itself. The downside of cyanide-based stripping is
that cyanides are hazardous to personnel, frequent bath solution change-
outs due to a limited bath life, and the rinse streams generated from this
process contain high concentrations of metals and cyanides. The rinse
water generated requires treatment to remove the cyanides and metals at
the Industrial Wastewater Treatment Plant (IWTP) before the water can
be released to the Public Owned Treatment Works (POTW). The
treatment process at the IWTP requires the use of toxic chemicals such
as sulfuric acid, caustic, chlorine and other hazardous materials.

There are a number of commercially available non-cyanide metal
stripping processes that can be implemented to replace cyanide-based
metal stripping processes. These alternative metal strippers use amines,
aromatic nitro compounds, protein based and other oxidizing chemicals.
The following process parameters must be examined for any alternative
before implementation can occur: stripping rate, corrosion of base
metal, reaction with maskants, bath stability, and treatability of rinse
waters or spent process bath material.

Due to the variability of non-cyanide based bath solutions, it is highly
recommended that the activity reference the vendors data for specific
incompatibilities between bath solution and other materials / chemicals.
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Safety and Health:

Benefits:

Disadvantages.

Economic Analysss.

Approval
Authority:

Points of Contact:

Many components of a non-cyanide metal stripper are biodegradable
and present minimal safety risks. However; several components do
present splash, heat and vapor hazards. Bath solution temperatures
range from room temperature to 180 °F, appropriate precautions shall be
observed. Nickel compounds can be skin irritants. Proper personnel
protective equipment should be used.

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Elimination of a major source of cyanides

Reduction of costs and materials required for cyanide treatment of
rinse waters at IWTP

Non-cyanide baths are also more stable and require less frequent
change-out

The removal of cyanides may enable the reclamation of metals from
the bath solution and rinse water

The same process equipment (tanks, heaters or coolant coils) that is
currently used can be used in the non-cyanide based process

Due to the variability of bath solutions available, it is possible that
new waste streams may be created

Non-cyanide nickel strippers can be implemented using existing tanks,
heaters, and ventilation systems. The only cost variable will be for theinitial
make up for the process bath, but that will be offset by the fact that non-
cyanide baths have a much higher bath life than cyanide baths (2 to 3
times). Also, eliminating the cost (chemicals and labor) for the treatment of
cyanide contaminated rinse waters will yield greater savings.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Michael Viggiano, Code 423

Naval Facilities Engineering Service Center
1100 23rd Avenue

Bldg. 1500

Port Hueneme, CA 93043-4370

(805) 982-4895, DSN 551-4895
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Vendors: The following is a list of non-cyanide nickel stripper system suppliers.
This is not meant to be a complete list, as there may be other suppliers
of this type of equipment.

B-9 Nickel Stripper
Metalx, Inc.

Route 10, Box 683
Lenoir, NC 28645
(704) 758-4997

Patstrip Ni-E

Patclin Chemical Co.

66 Alexander St.
Yonkers, NY 10701-2714
(914) 476-7000

Nickel-Sol
ElectroChemical, Inc.
5630 Pioneer Creek Drive
Maple Plain, MN 55359
(612) 479-2008
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SURFACE COATING BY PHYSICAL VAPOR DEPOSITION

Revision

Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: MTO3; Army: N/A
Certain electroplating processes like cadmium plating

Applicable EPCRA Targeted Constituents: N/A

Overview:

Physical Vapor Deposition (PV D) comprises a group of surface coating
technologies used for decorative coating, tool coating, and other
equipment coating applications. It is fundamentally an evaporative
coating process in which the basic mechanism is an atom by atom
transfer of material from the solid phase to the vapor phase and back to
the solid phase, gradually building afilm on the surface to be coated.

There are three basic process categories considered as PVD
technologies: ion plating, evaporation, and sputtering. All of which
utilize the same three fundamental steps to develop a coating. Each of
the PVD technologies generate and deposit material in a somewhat
different manner, requiring equipment unique to each process. The
three fundamental steps include:

1. Vapor phase generation from coating material stock by -

Evaporation
Sputtering
Chemical vapors and gases

2. Thetransfer of the vapor phase from source to substrate by -

Line-of-sight

Molecular flow

High partial pressure of coating material
Vapor ionization by creating a plasma

3. Deposition and film growth on the substrate

These steps can be independent or superimposed on each other
depending on the desired coating characteristics. The final result of the
coating/substrate composite is a function of each materials individual
properties, the interaction of the materials and any process constraints
that may exist.

The selection criteria for determining the best method of PVD is
dependent on several factors,

1. Material to be deposited

2. Rate of deposition

3. Limitations imposed by the substrate, such as, the maximum
deposition temperature

4. Adhesion of the deposition to the substrate
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Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

5. Throwing power (rate and thickness distribution of the deposition
process, i.e., the higher the throwing power, the better the process
ability to coat irregularly-shaped objects with uniform thickness)
Purity of coating materials

Equipment requirements and their availability

Cost

. Ecological considerations

10. Abundance of deposition material

©ooNO®

PVD is a desirable alternative to electroplating and possibly some
painting applications. PVD can be applied using a wide variety of
materials to coat an equally diverse number of substrates using any
three of the basic PVD technologies to deposit a number of desired
finishes of variable thickness with specific characteristics.

The application of PV D surface coating technologies at large scale, high
volume operations will result in the reduction of hazardous waste
generated when compared to electroplating and other metal finishing
processes that use large quantities of toxic and hazardous materials at
major maintenance facilities.

PVD coating processes are compatible with most metals and some
plastics either as coatings or as substrates. However, temperature
constraints may limit the degree to which dense coatings can be
deposited on some plastics. Finally, PVD processes do not normally
produce the kind of coatings that work well where lubrication is
required. Thus, PVD coatings are not usually good choices for parts
such as fasteners.

The safety and health issues must be evaluated on a case-by-case basis.
Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

The coatings are typically harder and more corrosion resistant than
coatings applied by the electroplating process. Most coatings have
high temperature and good impact strength, excellent abrasion
resistance and are so durable that protective topcoats are almost
never necessary.

Ability to utilize virtually any type of inorganic and some organic
coating materials on an equally diverse group of substrates and
surfaces using awide variety of finishes.

More environmentally friendly than traditional coating process like
electroplating and painting.

M ore than one technique can be used to deposit agiven film.

Specific technologies can impose constraints; for example, line-of-
sight transfer makes coating annular shapes practically impossible.
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PVD technologies operate at very high temperatures and vacuums,
requiring special attention by operating personnel.

Requires a cooling water system to dissipate large heat |oads.
Selection of the best PVD technology may require some experience
and/or experimentation.

High capital costs

Economic Analysis: Economic considerations are probably the primary hindrance to

Approval
Authority:

Points of Contact:

Vendors:

conversion of more plating operations to any of the vapor deposition
processes. A capital cost of several hundred thousand dollars is the
order of magnitude for a new vapor deposition installation. Operating
costs are, however, roughly equal to electroplating, although plating can
be slightly less labor intensive.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Mr. Donald M. Mattox

Technical Director of the Society of Vacuum Coaters
Albuquerque, NM

(505) 856-7188, Fax (505) 856-6716

For ion plating expertise

Mr. Brad Christensen

Environmental Engineer

Commodities Directorate

Hill AFB, Utah

(801) 777-2341, DSN 777-2341

Has experience with a couple of aluminum ion vapor deposition systems
that were installed to replace a cadmium plating operation. Large and
small steel components are plated at thislocation.

The following is a list of physical vapor deposition system suppliers.
This is not meant to be a complete list, as there may be other suppliers
of thistype of equipment.

McDonnell Douglas
Pure Tech Inc., Carmel, NY

Source: Plating and Surface Finishing, Jan 1995, Journal of the American Electroplaters and Surface Finishers
Society; Handbook of Deposition Technologies for Films and Coatings, Second Edition, 94, Noyes
Publications, Park Ridge, New Jersey.
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SULFURIC/BORIC ACID ANODIZING

Revision:
Process Code:
Substitute for:

1/96
Navy: ID-04-99; Air Force: MTO3; Army: N/A
Chromic Acid Aluminum Anodizing Process

Applicable EPCRA Targeted Constituents. Chromic Acid, Chromium.

Overview:

Materials
Compatibility:

Safety and Health:

The Sulfuric/Boric Acid Anodizing (SBAA) process is a direct
replacement for the Chromic Acid Anodizing (CAA) process used on
aluminum production pieces. The SBAA process consists of a
sulfuric/boric acid anodizing bath and a chromate sealer bath. SBAA is
a commercially available and tested process that provides a protective
coating meeting all military and industrial specifications that the CAA
process does.

The CAA process is currently used by all Naval Aviation Depots
(NADEPs), Naval Shipyards, and other activities to apply a protective
coating to aluminum parts used by many naval aircraft and ships. CAA
generates chrome containing waste streams from the rinsing of parts and
ventilation system washdowns. The resulting CCA rinse water requires
the removal of metals at the Industrial Wastewater Treatment Plant
(IWTP) prior to release to a Public Owned Treatment Works (POTW).
The SBAA process has no chrome except for a small amount in a
separate sealer tank (70 ppm compared to 74.9x10° ppm in CAA) that
the parts need to be dipped into after the SBAA process; therefore, no
chrome containing waste streams are generated from the rinsing of the
parts and the ventilation system. The rinse water stills contain metals
and acids that must be treated at the IWTP prior to release to a POTW.

The SBAA process was tested by the Naval Air Systems Command
(NAVAIRSYSCOM) at NADEP North Island and has been approved
by NAVAIRSYSCOM as an aternative to the CAA process. The
SBAA process has since been implemented at NADEP North Island and
NADEP Cherry Point. Mil-C-8625C (the Mil-Spec that governs all
anodized coatings) is being revised to include the SBAA process as an
additional option for aluminum anodizing.

N/A

Sulfuric acid can be extremely corrosive to skin tissue. Contact with the
body can result in severe burns. Boric acid can be a dermal and mucous
membrane irritant. It is also a suspected teratogen and mutagen.
Chromic acid can irritate the respiratory tract and mucous membranes,
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Benefits:

Disadvantages.

Economic Analysis:

and is a known mutagen. Proper personal protective equipment should
be used.

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Replace a magjor source of Chromic Acid in the Navy
Significant reduction in the treatment of chromic acid at the IWTP
Reduction of toxic air emissions from the chromic acid process

Still generates a hazardous waste stream requiring pre-treatment

Cost savings will depend largely on the volume of chromic acid
contaminated rinse water generated, rinse water treatment costs, and the
hazardous waste disposal costs for the heavy-metals-contaminated
sludge. The cost to implement the SBAA process is minimal at a
facility that currently utilizes CAA. Additional equipment requirements
include:

- Sedler tank

- Immersion heater or steam line for the sealer tank

- Cooling coils for the SBAA to keep bath temperature below 80 °F

- Process Parameters and Assumptions for Cost Comparison

- CAA, SBAA and sealer bath capacities: 2,800 gal each

- Sulfuric/Boric Acid bath : 30-50 g of sulfuric acid per liter of bath
fluid, 5-11 g of boric acid /I of bath fluid, 76-84 °F

- Sealer bath : 269 of chromic acid per 100 gal of bath fluid, 190-200
°F

- No differential in labor, permitting, training, etc. Personnel
operating the CAA process can be trained to operate the SBAA
equipment

- Operating costs are equivalent for both processes with the exception
of bath make-up costs
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Cost Comparison

SBAA SBAA
CAA Process First Process
Process Year Costs Annual Costs
Capital Costs
Sealant Tank - 2200 -
Sealant Tank Heater - 2900 -
SBAA Tank Cooling Coils - 1270 -
Operational Costs
2800 gal Make Up for SBAA tank - 6000 6000
2800 gal Make Up for Sealer tank - 800 800
Chemical additions for CAA 2200 - -
Treatment Costs
Treatment costs from IWTP @ 70000 21000 21000
$0.70/gal
Total 72200 34170 27800
Payback period is approximately 6 months with first year savings of
$38,030. Subsequent annual savings are $44,400.
Approval
Authority: Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Points of Contact: Michael Viggiano, Code 423
Naval Facilities Engineering Service Center
1100 23rd Avenue, Bldg. 1500
Port Hueneme, CA 93043-4370
(805) 982-4895, DSN: 551-4895

Tim Woods

NADEP North Island

NAS North Island

San Diego, California

(619) 545-9757, DSN: 735-9757

Steve Spadefora

Naval Air Warfare Center
Aircraft Division

PatuxentRiver, Maryland

(301) 342-8007, DSN: 342-8007

Vendors: A list of Sulfuric/Boric Acid Anodizing system manufacturers is not
available at thistime.
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HAZARDOUSMATERIAL AFFIRMATIVE PROCUREMENT
POLICIES/PROCEDURES

Revision:
Process Code:
Substitute For:

1/96
Navy: SR-11-99; Air Force: MAO1; Army: N/A
Non-Affirmative Procurement

Applicable EPCRA Targeted Constituents: Various

Overview:

The United States Environmental Protection Agency (US EPA), as part
of their hazardous waste minimization and pollution prevention
initiatives, has developed a policy for "affirmative procurement” of
various hazardous materials (HM). The objective of this policy is to
significantly reduce the use of ozone-depleting substances, through the
use of affirmative procurement practices. In so doing, the federal
government seeks to become a leader in the world wide phaseout of
these substances.

Executive Order 12843, entitled, "Procurement Requirements and
Policies for Federal Agencies for Ozone-Depleting Substances,” was
issued on April 21, 1993, by President Clinton. The executive order is
intended to reduce the federal government's procurement and use of
substances that cause stratospheric ozone depletion, in accordance with
the Montreal Protocol on Substances that Deplete the Ozone Layer, to
which the United States is a signatory. The executive order includes the
following provisions:

1. Thefederal agencies (including all military departments) shall, to the
extent practicable:

a. conform their procurement policies and practices to the
stratospheric ozone protection requirements included in Title VI
of the Clean Air Act;

b. maximize the use of safe alternatives to ozone-depleting
substances;

c. evaluate the present and future use of ozone-depleting
substances, and evaluate their use of, and plans for recycling;

d. revisetheir procurement programs and practices to specify use of
non ozone-depleting substances, to the extent economically
practicable; and

e. exercise leadership and develop exemplary practices related to
phasing out the use of ozone-depleting substances.

2. Defines ozone-depleting substances as those controlled
internationally by the Montreal Protocol and nationally under Title
V1 of the Clean Air Act Amendments. This includes both Class | and
Class Il substances, as follows:
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Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

a. Class | substances includes chlorofluorocarbons, halons, carbon
tetrachloride, and methyl chloroform.

b. Class Il substances include hydrochlorofluorocarbons and any
other substances so designated by the EPA by any subsequent
regulations.

3. Federa Policy: The policy to be followed by federal agencies is to
implement cost-effective programs to minimize the procurement of
materials and substances that contribute to the depletion of
stratospheric ozone, and give preference to the procurement of
alternative chemicals, products, and manufacturing processes that
reduce overall risks to human health and the environment by
lessening the depletion of ozone in the upper atmosphere. This
policy encourages federal agencies to conform their procurement
policies to the general requirements of Title VI of the Clean Air Act
Amendments. Key elements of the policy are as follows:

a Minimizing the procurement of products containing or
manufactured with Class | substances, and maximizing the use of
safe alternatives. Federal agencies should also be aware of the
EPA phaseout schedule for Class |1 substances;

b. Amending existing contracts to be consistent with the phaseout
schedule for Class | substances. Agencies should also be aware
of the phaseout schedule for Class Il substances in awarding new
contracts;

c. Implementing practices which recognize the limited availability
of Class | substances, such as reducing emissions and recycling
ozone-depleting substances; ceasing the purchase of nonessential
products containing ozone-depleting substances, and requiring
that any new contracts provide that acquired products containing
Class | or Class Il substances be labeled in accordance with
Section 611 of the Clean Air Act Amendments.

N/A

N/A

- Significant reduction in the volume of ozone-depleting substances
9slgdeduction in emissions generated from federal facilities

- Economic benefits (in many instances)

N/A
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Approval
Authority:

Economic Analysis:

Points of Contact:

Vendors:

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Completion of a rigorous economic analysis of the benefits of the
affirmative procurement policies requires site-specific information
regarding material usage, waste processing, waste volumes, and existing
procurement practices.

United States Environmental Protection Agency

N/A
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HAZARDOUSMATERIAL SHELF LIFE MANAGEMENT

Revision:
Process Code:
Substitute for:

1/96
Navy: SR-11-99; Air Force: MAO1; Army: N/A
Disposal of Expired Materials

Applicable EPCRA Targeted Constituents: Various

Overview:

One of the most effective waste minimization programs that can be
established is the active life-cycle management of hazardous materials
before they become hazardous waste. An effective shelf life extension
program is a critical part of life-cycle management. A significant
portion of hazardous materials turned in for disposal is typically unused
and still inits original packaging. The material is declared a waste when
it has reached the end of its designated shelf life before being used.

Shelf life designations are either Type | or Type Il. Type | materials
comprise a small portion of hazardous materials (10 percent) and can
not be extended. Type Il materials are the maority of the hazardous
materials and have an extendible shelf life. Shelf life can be extended by
testing or inspection. These are further described below. The following
definitions are presented:

Shelf-life Item. Item or material possessing deteriorative or unstable
characteristics to the degree that a storage time period must be assigned
to assure that item will perform satisfactorily in services. Shelf-life
items are categorized into two types.

(1) Type 1. An item of supply which is determined through an
evaluation of technical test data and/or actual experience to be an
item with a definite non-extendible period of shelf-life. The single
digit shelf-life code designating Type | material is aletter (A-S).

(2) Type Il. An item of supply having an assigned shelf-life time period
that may be extended after completion of an inspection, test, or
restorative action. The single digit shelf-life code designating Type
Il material is a number (1-9).

Acceptable Quality Level. The maximum percent defective (or the
maximum number of defects per hundred units) that, for purposes of
sampling inspection, can be considered satisfactory as a process
average.

Condition Code. A code assigned to classify material in terms of its
readiness for issue and use, or to identify action underway to change the
status of material. The condition codes used by stocking activities in
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shelf-life procedures are listed below. "Users' of the material normally
do not downgrade condition codes in this manner. They leave the
material in "A" condition until the shelf-life has expired.

When Shelf-life Remaining is: Assign Condition Code:

More than six months A
Three to six months B
L ess than three months C
Expired, awaiting testing J
Expired, awaiting disposal H

Shelf-life Code. A code assigned to a shelf-life item to indicate its
storage time period. Shelf-life codes are standard within the Department
of Defense (DOD) and are published regularly. For example, items used
by the Navy which have an assigned shelf-life code are listed monthly
in NAVSUP PUB 4105 (List of Items Requiring Special Handling
[LIRSH]).

TYPE | (NON-EXTENDIBLE)
(Shelf Life Action Codes are: UU, SA, SB, or S9)

0 - Non-Deteriorate
A -1 Month

B - 2 Months

C - 3Months

D - 4 Months

E - 5 Months

F - 6 Months

G - 9 Months

H - 12 Months

J- 15 Months

K - 18 Months

L - 21 Months

M - 24 Months

N - 27 Months

P - 30 Months

Q - 36 Months

R - 48 Months

S- 60 Months

X - Greater than 60 Months
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TYPE Il (EXTENDIBLE)
(Shelf Life Action Codesare: CO,C ,CT,L ,RD,RN,RJ, T_, X )

0 - Non-Deteriorate
1- 3 Months

2 - 6 Months

3 -9 Months

4 - 12 Months

5- 18 Months

6 - 24 Months

7 - 36 Months

8 - 48 Months

9 - 60 Months

X - Greater than 60 Months

Shelf-life Action Code (SLAC). A code assigned to a shelf-life item to
specify the type of inspection, test, or restorative action to be taken
when the item has reached the end of its designated shelf-life. It also
specifies the allowed extension period for the item after the inspection,
test, or restorative action has been completed. NAVSUP PUB 4105
promulgates the Shelf-life Action Code (SLAC) for items used by the
Navy that have assigned shelf-life codes

The code describes action to be taken at the expiration of the Shelf Life
period. The codes which include a () in the second position imply a
period of time expressed by the Shelf Life Codes.

CO - Check/inspect/test in accordance with inventory manager's
instructions.

C_- Incorporate all mandatory changes, etc. If found satisfactory,
reclassify to the number of months indicated after which the item
is considered unsuitable for restoration to issuable status. Shelf
life codes will be used to identify the number of months for
which the item is reclassified (i.e., 7C2 indicates an item having
normal shelf life of 3 years may be extended for 6 months after
incorporation of changes).

CT - Incorporate all mandatory changes, perform minor adjustments
required, clean and relubricate bearings, reassemble, test to post-
overhaul standards, and correct any observed discrepancies.
Items which pass tests shall be returned to stock as RFI. Exterior
package marking of such items shall indicate the latest check and
test date, and the original date of manufacture. Items which fail
test shall be placed in "F" condition.
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RD -

RN -

RJ -

SB -

S9 -

Uu -

To be tested by the laboratory/activity in periodic increments
after the initial time limit has expired. The letter or number
following the "L" indicates increment in which laboratory tests
are required. Example: 4L1 - After 12 months, and every 3
months thereafter, a sample should be submitted to the
Laboratory/Activity for testing. If item fails test, take disposition
action.

Replace all deteriorated and nonmetallic components subject to
determination (disassemble and process to the level required to
permit replacement of deteriorable items; test to post-overhaul
standards and return to stock as RFI item with fully restored
storage time limitations). Exterior package marking of such
items shall indicate the |atest date of overhaul.

Provides for equipment that has been tested with fluids indicated
by specification MIL-F-7024A and has not subsequently been
operated with other fluids. (Use for fuel metering equipment

only.)

This is assigned to fuel metering equipment which has been
tested by other than MIL-F-7024A.

Salvage.

Request cannibalization/salvage instructions from inventory
manager.

Identification of safety items. A safety item designated by the
Navy that is subject to a 5-year limitation when in applications
involving the safety of personnel. Material in this category that is
over 5 years old will not be used for repair or modification of
personnel, drag, or special parachutes, or other uses directly
involving personnel safety. Use advice code 2H, unless material
is being used for cargo parachutes or other uses not involving
personnel safety.

Test: If the item passes, extend life by number of months
indicated by the number following "T," after which process in
accordance with Code RD.

Unsuitable for restoration to issuable status. At end of shelf life
period, material will be disposed of in accordance with existing
instructions.
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X_- Test: If passed, redate item to the number of months/years
indicated by the shelf life code. If item fails tests, dispose of it in
accordance with existing instructions. All material that exceeds
the age from date of manufacture to the age indicated by the
character following the letter "X" will be disposed of in
accordance with existing instructions.

00- Not deteriorative. (Must always be shown in field "Shelf Life" as
"0.")

Shelf-life extension programs are the single most neglected aspect of
shelf-life management. Organizations (users as well as suppliers)
generally do not conduct in-house inspections of tests to extend the
shelf-life of their material. They either don't extend shelf-life at all or
rely on the monthly DOD Quality Status Listing (QSL) to tell them what
shelf-life material can be extended and for how long. When the QSL is
used, extension efforts often consist solely of re-marking material with
the new expiration dates published in the QSL. There is nothing wrong
with that, and it needs to be done, but the QSL primarily lists only DLA-
managed items that require laboratory testing. Items that require only
visual checks are not listed; neither are GSA-managed items. Thereis a
DOD initiative underway to extend the QSL into a DOD listing that will
include material managed by DLA and al military services.
Unfortunately, it will be some time before it becomes fully integrated,
and it will never list items that require only visual checks to do
extensions.

In-house inspections and tests are adequate for most material. It is,
however, often difficult for personnel to find descriptions of the specific
inspections or tests required to extend the shelf-life of particular items.
There is no single source of test information. GSA and all military
services except the Navy have developed separate storage standards
with extension criteria for the material they manage. Each DLA
Inventory Control Point (ICP) has developed storage standards for
material managed by the particular ICP. Every command should have a
collection of those standards. Together, they represent the existing
universe of shelf-life extension test and inspection guidelines. Individual
product specifications are the only other source of inspection and test
information. Storage Standard Points of Contact are listed in DOD
4140.27-M (Shelf-Life Item Management Manual).

The Navy has not yet developed storage standards for shelf-life
extension inspections and tests on Navy-managed material. In the
absence of specific guidelines, use common sense. For most Type Il
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material, shelf-life extension tests are not complicated, do not require a
laboratory, and can be done on the spot by anyone with a minimum
amount of training. They are usually nothing more than visual checks
for damage or deterioration.

Navy Item Managers refer callers to Fed-Std-793 (Depot Storage
Standards) when asked what tests need to be conducted to extend the
life of particular products. A sample of generic storage standards based
on Fed-Std-793 is presented below. Personnel can use it to test most
Type |1 hazardous materials in the absence of other specific instructions.

INSTRUCTIONS FOR SAMPLING AND INSPECTION/TEST

a Sampling

(@) Whenever possible, sampling shall be in accordance with
MIL-STD-105, Inspection Level S-2, single sampling
plan for normal inspection.

(2)  When on-hand quantities of the item are too low to allow
statistically valid sampling, inspect/test enough of the
material to give you confidence in the overall condition
of the lot/batch.

3) Acceptable Quality Level: 4.0 percent defective.

b. Shelf-life Extension Criteria.

(@) The material being inspected/tested shall be sampled as
specified in paragraph a(1)-(3).

(2 Unit, intermediate, and shipping containers shall be
secure and free from leaks, rust or other contaminants,
dents, bulges, or other distortion.

3) Unit containers will be securely sealed.

4 Container contents shall show no evidence of
deterioration.

(5) There shall be no evidence of reaction of the contents
with the container.

(6) Liquid products shall be homogeneous solutions with no
separation, sediment, or other degradation of
components.

@) Contents shall not have evaporated.

(8) Solid materials (powders, etc.) shall be free-flowing with
no significant water absorption or other contamination.

(9) Aerosols/sprays will spray as designed.

(10) Markings on all containers shall be securely attached,
clear, and legible.

(11) The materia will perform its intended function.

C. Length of Shelf-life Extension. When the shelf-life of an item is
extended, the new reinspection date will be as designated by the
item's Shelf-Life Action Code (SLAC). The SLAC specifies the
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Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Approval

type of inspection, test, or restorative action required, and the

extension period allowed after the inspection, test, or restorative

action has been completed. The SLAC for a particular item can

always be found on the item's issue/receipt documentation (DD

1348-1) and/or Material Movement Document (MMD). If the

paperwork is not available, use a suitable reference such as

NAV SUP PUB 4105 to find the Shelf-Life and Shelf-Life Action

Codes for the item.

d. Maximum Time the Shelf-Life Can Be Extended.

(D) The shelf-life of Type | material can not be extended. The
material goes to disposal at the end of its shelf life.

2 The shelf-life of Type Il material can be extended as
many times as the required inspection/test shows that the
material is still in usable condition. In order to minimize
the disposal of functional material, stock points and end-
users are authorized and encouraged to inspect/test shelf-
life items by this standard or by practical, end-user-
related tests to determine if the items still meet the
intended use of that activity. The shelf-life may be
extended as long as the item performs satisfactorily for
the end-users needs.

STORAGE CONDITIONS

Adhesives and sealants must be stored in temperature and humidity
controlled areas. Unless otherwise specified on the package label or
marking, all other products may be stored in uncontrolled temperature
and humidity locations.

N/A
N/A

A properly implemented shelf life management program will:
Reduce disposal of expired hazardous materials
Reduce reordering of additional hazardous materials to replace
expired hazardous materials
Enhance hazardous minimization/pollution prevention efforts

- Often difficult for personnel to find descriptions of specific tests or
inspections required to extend shelf-life of an item
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Authority: Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Economic Analysis: The savings incurred through reduced disposal costs and reduced
reordering of materials varies greatly depending on the situation.

Pointsof Contact: Ross Thompson
SUP 4521A
DSN 327-0312, (703) 607-0312

Vendors: N/A

Source: Shelf Life Management Chart from Hazardous Material Control & Management/HMIS CD ROM
System.
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WASTE ANALYSISPLAN

Revision:

Process Code:
Substitute for:

1/96

Navy: ID-25-99; Air Force: HWO1; Army: N/A

Non-centralized, non-standard means of determining the characteristics
of wastes in order to determine proper disposal

Applicable EPCRA Targeted Constituents: Various

Overview:

A waste analysis plan serves to standardize and optimize the required
testing of wastes so that all wastes at a site are properly characterized
prior to disposal in a simple and efficient manner. A waste analysis plan
establishes the characterization frequency and analytical requirements to
be satisfied for every identified waste at the installation and provides
guidance for handling new wastes.

1. Responsibilities for Characterization Prior to Disposal: The
personnel that make decisions regarding waste characterization and
disposal must be trained in the regulatory requirements of the Resource
Conservation and Recovery Act (RCRA), and must know who
establishes and enforces those regulations in the generator's location.
The applicable hazardous waste regulatory program could be operated
by a regional office of the Environmental Protection Agency (EPA) or
by an EPA-approved state agency. In this data sheet, only references to
federal regulations are provided. However, additional or alternative state
regulations may apply. All state programs have the same basic
regulatory requirements as the federal program, but may also have
additional requirements. It is critical that state-specific regulations be
reviewed before waste management plans are devel oped.

Waste management personnel must understand the details of the
characterization requirements described below so that any required
testing and analysis can be integrated into the waste analysis plan. In
addition to determining if a waste is covered by the RCRA hazardous
waste regulations, a waste's characterization must also be sufficient to
determine what waste disposal options (neutralization or other
treatment, landfilling, incineration) are available for that waste.

For any waste that requires sampling and testing to determine its
characteristics, the following information must be devel oped:

the required parameters for sufficient characterization,

the tools required for sampling,

the method used for sampling,

the holding time of the sample,

the laboratory analytical method to be used,

the degree of detail in the reporting data and quality control, and
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the maximum allowable concentration of the parameters of interest
for the desired means of disposal.

2. Characterization by Generator Knowledge of a Listed Hazardous
Waste: The circumstances associated with the generation of each waste
determine what means of characterization is required. First, the waste
must fit the definition of solid waste stated in 40 CFR 261.2 and not fit
the definition of any exclusions listed in 40 CFR 261.4. Excluded
wastes may be covered by other regulatory programs, or may be
allowable in the municipal solid waste stream if not prohibited by the
local solid waste ordinance.

If a waste is a solid waste (by RCRA definition), it may be a "listed
hazardous waste," as specifically defined in 40 CFR 261 Subpart D
(Parts 261.30 through 261.35). If the waste meets the definition of a
"listed waste," based on the circumstances of the generation of the
waste, then documented generator knowledge may be enough for a
sufficient characterization to satisfy all disposal requirements. This also
applies to a mix of a "listed waste" and another type of waste (per 40
CFR 261.3 [a] [2]), and also to a waste that is derived from a "listed
waste" (per 40 CFR 261.3 [c] [2]). An example of a derived waste is the
ash that remains from alisted hazardous waste that burned.

Each individual listed hazardous waste is assigned one or more waste
type designations, based on the criteria of being ignitable (1), corrosive
(©), reactive (R), toxicity characteristic (E), acutely hazardous (H), or
toxic (T). Based on these characteristics, EPA specifies four hazardous
waste lists, described below.

List Name Designation 40 CFR Citation
Non-specific Source Wastes F List 261.31
Specific Source Wastes K List 261.32
Discarded Commercial Chemical PList 261.33(e)
Products - Acutely Hazardous
Discarded Commercial Products - U List 261.33(f)

Hazardous

In order to determine if a specific waste is included in one of these lists,
the lists provided in 40 CFR Part 261 must be referenced. Acute
hazardous waste includes not only the "P List" waste chemicals, but
selected "F List" waste types marked in the regulation with an (H).
(Note that rules for accumulating waste often have specific requirements
to address acutely hazardous waste.)
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Materials
Compatibility:

The waste analysis plan should include an updated description of each
specific source of listed hazardous wastes generated at the installation.

3. Characterization by Sampling and Analysis of a Characteristic
Hazardous Waste: If awaste is a solid waste (by RCRA definition), but
does not meet the definition of any of the "listed hazardous wastes," it
may still be considered a hazardous waste if the material exhibits any of
the characteristics as defined in 40 CFR 261 Subpart C (Parts 261.20
through 24). Sampling and testing are required to determine the
following hazardous characteristics:

Ignitability (RCRA code D001)

Corrosivity (RCRA code D002)

Reactivity (RCRA code D003)

Toxicity (RCRA codes D004 through D0043)

The suggested sampling procedures to create a representative sample of
different specific waste forms (such as drummed liquid, saturated soil,
etc.) are provided in an EPA guidance manual titled Test Methods for
Evaluating Solid Wastes, EPA document SW846. The specific
analytical laboratory testing methods for each hazardous characteristic
are specified in 40 CFR 261 Subpart C by specific references to SW846.

To develop a waste analysis plan, a standard method of sampling and
laboratory analysis for each waste should be selected based on the
guidance provided in SW846 (or other applicable EPA guidance
manuals) and the background knowledge of the generator. Every
analysis does not have to be performed for every waste if the generator
can provide documented support that certain compounds are unlikely to
be present.

4. Determining the Frequency of Characterization: Per 40 CFR 264.13
(a)(3), "Waste analysis must be repeated as often as necessary to ensure
that it is accurate and up to date." This means that an analysis of a waste
IS necessary whenever any of the following circumstances occur:

the generator is aware of a change in the process that produces the
waste,

the generator is aware that a waste was tainted by inadvertent mixing
with another waste,

the receiving TSD facility determined through analysis that the
waste no longer matches the expected characteristics, or

there is a change to the hazardous waste regulations that apply to
that waste.

N/A
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Safety and Health:

Benefits:

Disadvantages.

Economic Analysis:

Approval

Authority:

Points of Contact:

Vendors:

N/A

The development and correct use of a waste analysis plan can:

- Help to avoid the unnecessary expense of disposing of non-
hazardous wastes using hazardous waste disposal methods or
contractors
Help to avoid regulatory violations that can result in large fines and
negative public exposure for the mismanagement or improper
disposal of hazardous waste
Minimize the time and money required for sufficient
characterization of wastes and selection of proper disposal methods

Personnel must be specially trained to make decisions regarding
waste characterization and disposal and to develop these decisions into a
plan

Savings incurred through the use of a waste analysis plan are dependent
upon site specific details.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

The Hazardous Technical Information Services (HTIS) helpline (phone
[800] 848-4847), the RCRA hotline (phone [800] 424-9346), agencies
associated with environmental compliance within each branch of the
U.S. military, and environmental compliance specialists at each U.S.
military installation can provide technical assistance necessary to
develop an installation-specific waste analysis plan.

A guide for developing a formalized, installation-specific waste analysis
plan is available through the National Technical Information Service
(phone [703] 487-4660) or the U.S. Government Printing Office (phone
[202] 512-1800). Request the EPA Guidance Manual: Waste Analysis
At Facilities That Generate, Treat, Store, and Dispose of Hazardous
Wastes, document number PB94-963903, April 1994.

The EPA guidance manual titled Test Methods for Evaluating Solid
Wastes, EPA document SW846, is available through the U.S.
Government Printing Office (phone (202) 512-1800)
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HAZARDOUSMATERIALSSHELF LIFE OPTIMIZATION

Revision:
Process Code:
Substitute for:

1/96
Navy: SR-11-99; Air Force: MAO1; Army: N/A
N/A

Applicable EPCRA Targeted Constituents. All

Overview:

Management of hazardous materials is dependent on several conditions,
one of the most important being the material’s expected usable lifetime,
or “shelf life.” A material’ s shelf lifeis afunction of a number of factors
such as intrinsic degradation rate, storage conditions, packaging,
exposure to air, etc. The effective management of hazardous materials
has become an economic, as well as an environmental, necessity,
because once a hazardous material’s shelf life is exceeded, it is no
longer usable for its intended purpose. At that point in time, the
hazardous material becomes a hazardous waste. Proper disposal is not
only difficult and expensive, but may cause some long-term
environmental impact. Moreover, new material needs to be procured to
replace that lost by expiration of the shelf life.

One of the goals of a hazardous materials management program should
be to accurately determine a material’s shelf life so that materials can be
managed more effectively. This data sheet provides information on the
basic aspects of a shelf life optimization program.

Hazardous materials include many widely-used chemical products, such
as adhesives, lubricants, paints, oils, and sealants. Any such product
remaining at the time of its shelf life code expiration has to be either
tested for suitability for continued use or be disposed as hazardous
waste and replaced with new material. In order to reduce hazardous
waste generation and save money, the U.S. Navy is evaluating its
hazardous materials management system and “shelf life code”
assignments to determine which materials can have their shelf life codes
lengthened without compromising safety, quality, or usability.

“Shelf life” is not synonymous with “shelf life code.” Shelf life is the
actual useful life of a hazardous material, whereas shelf life code is the
period assigned to that hazardous material by the procuring service that
indicates the time period before quality testing is required to verify that
the material has not degraded beyond its usefulness. This means that the
period of a material’s shelf life code should be less than or, at most,
equal to its actual shelf life. There is aso a distinction between
“lengthen” and “extend” that is important in understanding the shelf life
optimization concept in precise terms. A shelf life code can be
“lengthened” after technical review of the material’s specification,
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Materials
Compatibility:

composition, storage condition, degradation rate, etc. In contrast, the
shelf life code of a specific batch or lot of material can be “extended”
only after quality testing has indicated that it has some more useful life
eft.

Most chemical products acquired by the Navy either have very
conservative shelf life codes or were assigned a shelf life code without
an adequate underlying technical basis. The goal of shelf life code
optimization is to use a scientific basis to assign a shelf life code so that
a product’ s useful life can be lengthened (shelf life code approaches the
material’s actual shelf life) and, thus, material usage can be optimized
without compromising use or requiring excessive and costly quality
testing.

A product’s shelf life code can not simply be derived from any scientific
formula; rather, it should be based on a technical evaluation of the
degradation mode of each of the product’s constituents, as well as its
packaging and storage conditions. Furthermore, sound engineering
judgment based on these data and other information, such as scientific
literature, manufacturer's data, DOD material testing, and military
gpecifications, along with product use and experience, should be
combined to determine the product’ s optimum shelf life.

Not all products require prompt re-evaluation of their shelf life codes.
Products should be prioritized for re-evaluation. The initial focus should
be on products that contain hazardous materials, have short shelf lives,
and have high disposal or replacement costs.

Individuals can be assigned to review specific products, but each
individual’ s recommendations should undergo a peer review process in
which a team scrutinizes the data and recommendations, and then has
the final authority to determine a product’ s shelf life code.

Implementation of measures that will improve management of
hazardous materials with respect to shelf life code lengthening are:
Procurement of chemicals in smaller lots so that all the material can
be used by the shelf life code expiration
Reduce inventory of material
Just-in-time procurement of material
Improve storage conditions of chemicals

Materials compatibility considerations are a key part of the analysis of
each individual chemical product. This should include not only storage
container compatibility, but also storage conditions such as temperature,
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Safety and Health:

Benefits:

Disadvantages.

Economic Analysis:

Approval
Authority:

Points of Contact:

Vendors:

humidity, atmosphere, light exposure, and mutual compatibility of
chemical constituents of products.

Safety and health are important considerations when evaluating shelf
life extension of a given material. While these considerations are
primarily material specific, they should also be viewed in the broader
areas of storage, distribution, and use of multiple products in a common
area.

Materials that are used in critical applications within the DOD,
especially those operations where use of aged material could jeopardize
the safety or health of DOD personnel, are assigned more conservative
shelf life codes.

Consult your local health and safety personnel, and the appropriate
MSDS for specific precautions..

A shelf life code review and management program will :
- Reduce the total amount of chemicals purchased
Reduce generation of hazardous waste
Require less procuring, handling, shipping, and storage of chemicals
and wastes because of decreased need for new materials and reduced
generation of waste materials

N/A

The savings incurred through shelf-life management of hazardous
materials depend on how the program is organized at each activity.
Reduced material purchases and waste disposed must be determined on
an individual basis to assess the economic benefit of a shelf-life
program.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Mr. Jim Lewis
Defense General Supply Center
(804) 279-4140 or DSN 695-4140

N/A

Source(s):  Parsons ES study for the Navy on “Hazardous Materials Shelf Life Code Specification.”
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HAZARDOUSWASTE CONTAINER LABELING, STORAGE, AND
TRANSPORTATION

Revision:
Process Code:
Substitute For:

1/96

Navy: ID-25-99; Air Force: HWO1; Army: N/A

Unsafe Or Sub-Standard Handling Of Hazardous Wastes At The
Generating Location

Applicable EPCRA Target Constituents: Various

Overview:

The proper handling techniques for containers of hazardous wastes are
defined within the Resource Conservation and Recovery Act (RCRA)
regulations. Specific requirements depend on the available facilities, the
volume of waste typically generated, and the desired mode of hazardous
waste handling and transportation.

The personnel that make decisions regarding hazardous waste
containers, labeling, storage, and transportation must be trained in the
regulatory requirements of RCRA, and must know who establishes and
enforces those regulations in the generator's location. The applicable
hazardous waste regulatory program could be operated by a regional
office of the Environmental Protection Agency (EPA) or by an EPA-
approved state agency. In this data sheet, only references to federal
regulations are provided. However, additional or alternative state
regulations my apply. All state programs have the same basic regulatory
requirements as the federal program and should be consulted prior to
establishing any procedures.

This data sheet addresses the generator's requirements for container
type, marking, and labeling. For the purpose of this datasheet, an
installation may have more than one waste-generating site. Proper
preparation of hazardous wastes for off-site transport must be performed
by trained personnel in accordance with the Hazardous Materials
Transportation Act regulations provided in 49 CFR Subchapter C (Parts
171 through 177). Often times, the hazardous waste transporter will be
responsible for providing compliance with 49 CFR 171-177.

1. Container Storage

In general, hazardous waste may be stored in accordance with one of
three sets of regulatory requirements. The requirements for an
"initial accumulation area’ (also called a "satellite accumulation
ared'); the requirements of a "less-than-90-day storage area;" or the
requirements for a permitted treatment, storage, or disposal (TSD)
facility must be satisfied for each location where hazardous waste is
stored.
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Fulfilling the requirements for a TSD facility is a complicated and
demanding task that is far beyond the requirements for storing
wastes from a single waste-generating process at an installation with
multiple waste-generating sites. By comparison, the requirements for
an "initial accumulation ared" or a "less-than-90-day storage area’
are much less complex and still provide an area that is suitable for
many waste-generating situations.

The regulatory limit for accumulating hazardous waste at an "initial
accumulation area’ is volume-based (no more than 55 gallons
allowed, in most cases), while the limit for accumulating hazardous
waste at a "less-than-90-day storage area’ is time-based (no longer
than 90 days of storage allowed, in most cases). When the
corresponding limit is reached at either type of storage area, the
waste must then be transferred. Hazardous waste from an "initial
accumulation area’ can be moved to an on-site "less-than-90-day
storage area," or a permitted TSD facility. Hazardous waste from a
"less-than-90-day storage ared" can only be moved to a permitted
TSD facility.

An "initial accumulation area’ must be located at or near the waste-
generating activity and be under the direct supervision of the
operator of the activity. In accordance with 40 CFR 262.34 (c):

- No more than 55 gallons of hazardous waste or 1 quart of
acutely hazardous waste may be accumulated at an "initial
accumulation area." There is no time limit on how long it takes
for waste to be accumulated up to the volume limit.

Once the volume limit is exceeded, the generator must mark the
hazardous waste container with that date, and transfer that waste
out of the area within 3 days.

A "less-than-90-day storage area’ must be located on site at the
installation and be managed in accordance with the following
requwements from 40 CFR 262.34 (a).
Any volume of hazardous waste can be collected and stored in
acceptable containers or tanks (or drip pads, in the case of
equipment that contains hazardous waste), providing no
accumulated hazardous waste remains in storage for more than
90 days.
A container holding hazardous waste must always be kept closed
during storage except when it is necessary to add or remove
waste.
The container must not be handled in a manner which will cause
it to leak.
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If the container holding the waste leaks, the waste must be
transferred to a new container.

The containers must be inspected at least weekly for leaks and
signs of corrosion.

Containers holding ignitable or reactive waste must be located at
least 50 feet from the installation property line.

Containers of incompatible waste must be separated by means of
adike, berm, wall, or other structure.

A "less-than-90-day storage area’ must have communication,
alarm, and fire-fighting systems in accordance with 40 CFR Part
265 Subpart C (265.30 through 37). This regulation also defines
the required aisle space between containers.

A "less-than-90-day storage area’ must have a contingency plan
with established emergency procedures in accordance with 40
CFR Part 265 Subpart D (265.50 through 56).

The personnel that operate a "less-than-90-day storage area’
must receive training in accordance with 40 CFR Part 265.16.

A "less-than-90-day storage area’ must have a waste analysis
plan in accordance with 40 CFR Part 268.7(a)(4).

If a container of hazardous waste is kept at a "less-than-90-day
storage ared" for the purpose of collecting small quantities of waste
over time, the 90-day storage limit for that container begins with the
original addition of waste. If a filled container of hazardous waste
from an "initial accumulation area’ arrives at a "less-than-90-day
storage area," the 90-day limit for that container began when the
volume limit of 55 gallons (or 1 quart of acute hazardous waste) was
first exceeded at the "initial accumulation area."

2. Container Selection

A container used to collect hazardous waste at an "initial

accumulation area’ or a "less-than-90-day storage area’ must meet

the following requirements (per 40 CFR 262.34).
The waste being placed in the container must be compatible with
the container. The operator of the "initial accumulation area" can
confirm the compatibility of a stored material and a container
material by referencing any of a variety of handbooks or
manuals on the subject, such as Table 23-3 of the Chemical
Engineering Handbook by Perry and Chilton. The MSDS may
also be helpful in identifying suitable storage conditions. Under
many circumstances, the only commonly handled wastes not
compatible with a steel container are highly corrosive wastes,
such as waste acids, which must be stored in a plastic or plastic-
lined container.
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If wastes from more than one specific source are intended to
share the same container, and mixing of the wastes does not
violate applicable disposal requirements, then the compatibility
of the mixed wastes with each other and the compatibility of the
mix with the container must be confirmed prior to this type of
storage. Similarly, a waste can not be stored in a container that
has previously stored a different waste with which it is
incompatible.

3. Container Labeling

For an "initial accumulation area" (per 40 CFR 262.34 [c]):
Containers must be marked with the words "Hazardous Waste"
and with other words which identify the contents of the
container.

For a"less-than-90-day storage area" (per 40 CFR 262.34 [a)]):

- The storage container must be labeled with the words
"Hazardous Waste" and a description of the waste.
Containers that accumulate waste while being stored must be
clearly marked with the date when the container began
accumulating waste.
Containers that arrive from an "initial accumulation area’ must
be clearly marked with the date when the container became full.

4. On-Site Movement of Containers

As stated in 40 CFR 263.10 (b), "These regulations [for permitted
transportation of hazardous waste via air, water, or public highway]
do not apply to on-site transportation of hazardous waste by
generators or by owners or operators of permitted hazardous waste
management facilities." However, it is recommended that standard
safety guidelines for the handling of hazardous waste be
implemented for on-site transportation activities. Typical standard
operating procedures are as follows.

- Prior to transport, the hazardous waste container must be

completely closed and sealed. Bungs must be tightened, and lids
must be in place with bolt rings tightened.
Prior to transport, the container must be inspected to ensure that
it can be safely transported without risk of spills or leaks. If a
container is damaged, corroded, or otherwise structurally
inadequate, the waste must be transferred to a new container or
placed in an approved overpack drum prior to moving.
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Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Economic Analysis:

Approval
Authority:

Points of Contact:

Vendors:

The transfer of a container between an area and a vehicle must
be accomplished using appropriate equipment in a way as to
minimize the possibility of an accident or spill.

Other installation-specific documentation may be required at the
time of transfer.

See section on “container selection” above.
Consult your local safety and health personnel for specific precautions.

Containers that are properly selected, labeled, and handled will
minimize the risk of releasing hazardous waste that might lead to
facility damage, personal injury, or pollution of the environment.

Personnel may require “re-training” to learn to modify their regular
work habits.

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

The Hazardous Technical Information Services (HTIS) helpline (phone
[800] 848-4847), RCRA hotline ([800] 424-9346), agencies associated
with environmental compliance within each branch of the U.S. military,
and environmental compliance specialists at each U.S. military
installation can provide assistance in determining the proper
container, labeling, storage, and transport requirements for a hazardous
waste with known characteristics.

N/A
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HAZARDOUS MATERIAL/HAZARDOUSWASTE MANAGEMENT

Revision:

Process Code:
Substitute For:

1/96

Navy: SR-11-99, ID-25-99; Air Force: MAO1, HWO1; Army: N/A
Traditional, Non-Centralized Hazardous Material/Waste M anagement
Approaches

Applicable EPCRA Targeted Constituents: N/A

Overview:

The Navy Hazardous Material Control & Management (HMC&M)
Program was established in 1989 in response to the increased attention
being focused on environmental issues, both in the United States and
internationally. This program focuses on the reduction of hazardous
material (HM) usage and the subsequent generation of hazardous waste
(HW) associated with HM usage. As implementation of the HMC&M
program got underway, an early initiative was development of a strategy
to achieve significant reductions in the use of HM and the generation of
HW. Historically, the Navy managed HM in much the same manner as
most non-hazardous consumable material. There was no centralized
mechanism of procuring HM or maintaining HM inventory control and
management. This lead to the proliferation of redundant capacities of
HM, as well as unnecessary generation of HW resulting from excess
guantities being handled.

As a means to eliminate many of the problems associated with
traditional HM management practices, the Commanding Officer (CO) of
Naval Air Weapons Station (NAWS), Point Mugu, California, decided
to implement a program to consolidate the inventory management of
HM through a single organization known as the Hazardous Material
Minimization Center (HAZMINCEN). This center served the entire base
and was the central element in the development of the plan for life cycle
micro-management of HM at the base, which was termed the
Consolidated Hazardous Material Reutilization and Inventory
Management Program (CHRIMP).

Major Features of CHRIMP (as executed at Point Mugu):

1. Establishment of a HAZMINCEN to consolidate the inventory
management of hazardous material into a single organization to
serve the entire base.

2. Started by consolidating material from the Aircraft Maintenance
Department (AMD). Set up system of credits and billings to control
inventory and purchase of all HM by the department. Also
established delivery system to respond to work order requests for
material and to pick up any unused portions of HM.

3. Customer service was a key element of the HAZMINCEN. System
was set up to eliminate as much paperwork as possible. Only a



costs

TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET

phone call was necessary to draw material. Efficient inventory
management techniques were also essential to ensure material is on
hand when needed, which was vital in the efforts to eliminate
proliferation of locally purchased HM to meet an immediate
requirement.

4. Established a recycling center on the base to collect all types of
recyclable material including aluminum and tin cans, plastics, paper
(many kinds), glass, cardboard, copper wire, and scrap metal
(ferrous and non-ferrous).

5. Hazardous Inventory Control System (HICS) provided on-line
visibility of inventory levels and provided the capability to process
material requisitions, receipts, and issues. The system uses bar code
technology to allow the user to create container bar-codes for each
issue that uniquely identifies each container (see detailed description
at end of section).

6. HAZMINCEN Startup Procedures:

a. All HM on site turned in to central storage area.
b. All material with shelf life greater than 6 months was bar-coded
and entered into inventory.
c. All material with shelf life less than 6 months was donated to the
community.

Small percentage of material which couldn't be used was sent to

approved waste transfer facility.

Reusable materials were consolidated and stored in approved

containers.

f. All stocked HM isregularly checked to verify that supplies are
sufficient.
g. Reorders are made regularly to replenish depleted supplies.
7. Typical HM processing steps:
a. Call for HM request is received at the Central Order Desk.
b. The HM order isimmediately entered into the computer.
c. Order Clerk notifies stock manager of order.
d. Stock manager locates HM, retrieves amount for order, and
delivery.
e. Guaranteed delivery time iswithin 45 minutes of order. Average
delivery time is 30 minutes.
f. Performed daily roundup loop to pick up accumulated HM at
customer locations, thus relieving them of responsibility and
associated with tracking and storing HM.

®go

Description of HICS Program

The Hazardous Inventory Control System (HICS) is a computer-based
program which formed the key element of the hazardous material
management program at Point Mugu NAWS. HICS was developed to
replace the manual INDEX system formerly used to manage HM. It
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Materials
Compatibility:

Safety and Health:

Benefits:

includes the capability to process material requisitions, receipts, and
HM issues. The HICS program uses bar code technology to allow the
user to create container bar-codes for each issue that uniquely identifies
each container. This feature is significant in that it establishes
accountability for the HM that is issued and prevents unauthorized
disposal of empty or partialy filled containers. Another important
element of the HICS program is that HM data collection is
automatically performed, which allows for informed management
decisions regarding HM purchasing and stockpiling policies. This type
of information, combined with the ease in which it can be processed,
was not available with the former HM management programs.

The Navy issued a CHRIMP manua in 1994 that includes HICS
software and User's Guide. This package outlines the methodology for
implementing a HICS-based centralized inventory management
program. The HICS program has also been recently enhanced to provide
networking capability. This will enable the regional FISC to query other
HICS inventories to determine availability of reuse material. In addition,
each regional FISC will be able to access inventory data from each
HAZMINCEN within their region, as well as all other HAZMINCENS
throughout the Navy. This capability will be instrumental in optimizing
the HM inventories and usage, and will allow the fullest utilization of all
HM that is procured. Furthermore, the HICS program can be
incorporated into a more complex HM data collection system
undergoing prototyping throughout the Navy to enhance compliance
with the Pollution Prevention Act (PPA) and the Emergency
Preparedness and Community Right-To-Know Act (EPCRA)
requirements.

N/A
N/A

Achievements of the HAZMINCEN at Point Mugu include:

- Total cost avoidance benefitsin excess of $1 million
Hundreds of hours saved each month per customer in dealing with
HM.
Thousands of gallons of HM each month that no longer have to be
shipped off site for costly disposal.
Thousands of dollars less per month in hazardous waste disposal
costs.
Thousands of dollarslessin HM procurement costs.
Numerous safety benefits with proper HM storage centralized.



TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET

Disadvantages.

Economic Analysis:

Approval
Authority:

Points of Contact:

Community recognition for job well done / numerous public
relations benefits.
Additional benefits include reduced landfill and waste disposal
costs, reduced costs for replenishment of waste disposal containers
and supplies, reduced labor hours, and significantly reduced
volumes of HM on hand.
Solid Waste Recycling Center Program
- Program run using sailors and County Work Release
personnel who use program to pay for community service
duty; thus, no cost incurred to taxpayers.
- Recycling center processes plastics, glass, newspaper, metal,
and cardboard.
- Money generated by center is used for base recreation fund.
- Last year (1993) center recycled over 1/2 million pounds of
scrap material.
- Customers of the center vary from small local businesses to
large, nationwide companies.

N/A

The cost benefits of a properly established hazardous
material/hazardous waste management program vary depending on the
situation and should be assessed individually. As shown in the Point
Mugu example, cost savings may be quite substantial and obtainable
with the proper management strategiesin place.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Points of contact at Point Mugu Naval Air Weapons Station (NAWYS)
include the following:

Commander Edward Payne
Department of the Navy

Naval Supply System Command
1931 Jefferson Davis Highway
Arlington, VA 22241-5360

(703) 607-1440, Fax: (703) 607-0250

HAZMAT Pharmacy at Andrews AFB
SM Sgt Lawrence Scott
DSN 858-9323, (301) 981-9323
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HAZMART Pharmacy at NellisAFB
USAFWTC/EVW

4551 Devlin Drive

Nellis AFB, NV 89191-6546

Captain Michael E. McDonald

Chief Pollution Prevention

(702) 652-6098, (DSN) 682-4352, Fax (702) 682-2021

Points of Contact to get your name on the distribution list to receive the
guarterly HMC&M/HMIS on CD ROM, call the appropriate Point of
Contact below:

Army:

MACOM approval is required to receive 6050.5-LR. Provide
justification and publication account number to the appropriate
MACOM control office for approval. Medical staff activities that are
not part of a MACOM should submit to US Army Medical Command.
Engineer staff and field operating activities submit to US Army Corps
of Engineers. All other staff and field operating activities that do not
report to a MACOM submit to DCSLOG, Attn: DALO-SMP (R.
George), Washington, DC 20310-0546.

Any questions regarding the distribution should be addressed to Ms.
Sandy Gorba DSN 795-6622 or (717) 895-6622.

Air Force:

Commander
Attn AnnaWillisAL OEMB
US Air Force
2402 E. Drive
Brooks AFB TX 78235-5114
DSN 240-6159, (210) 536-6159

Navy and Marine Corps:
Commander
Attn 4521C Bob Law
Navy Supply Systems Command
1931 Jefferson Davis Highway Ste 612
Arlington VA 22241-5360
DSN 327-0312, (703) 607-0312
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Vendors:

Defense Logistics Agency:
Attn SHP HAZMAT COORD Peter Shen
Defense General Supply Center
8000 Jefferson Davis Highway
Richmond VA 23297-5685
DSN 695-5735, (804) 279-5735

Other Federal Agencies and General Public:
Commanding Officer
Attn CD-ROM Team
NCTAMS LANT
9625 Moffett Avenue
Norfolk, VA 23511-2784
(804) 445-9192

In addition to the HICS software system developed specifically for use
by the Navy and other DOD branches, there are several commercial
vendors of hazardous material inventory control and related
environmental management software. This list is not intended to be a
complete listing of software vendors.

Chemical Safety

1301 S. 46th Street

Building 180

Richmond, CA 948904

(510) 231-9490, Fax: (510) 233-8926

Products/Services Offered: Environmental M anagement Systems (EMS)
comprehensive hazardous materials tracking and reporting system
capable of handling environmental compliance and management
requirements from inventories and wastes to employee training. The
EMS Modular system includes a variety of software selections
including: Facility Module (for facility management and safety),
Inventory Module (for chemical inventory reporting, purchasing, and
management), MSDS Module (for MSDS management), Human
Resource Module (for employee training, industrial hygiene monitoring,
incident/accident tracking, and OSHA reporting), Waste Module (for
waste manifest management, hazardous waste reporting, waste permit
tracking, hazardous waste handling, etc.), Air Emissions Module (for
Form R reporting), and Inventory Collection System (I1CS).
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Primatech Inc.

445 Hutchinson Avenue, Suite 200

Columbus, OH 43235

(614) 841-9800, Fax: (614) 841-9805

Products/Services Offered: Primatech's HAZWARE programs are PC-
based systems that were developed for specific aspects of hazardous
material management and hazards analysis. Programs available include:
HAZOP-PC (for performing Hazard and Operability studies), AUDIT-
PC (for assisting in performing process safety audits, and other
environmental auditing functions), WHAT IF-PC (for guiding the
performance of a hazard analysis using "What If" question), FMEA-PC
(for addressing possible equipment failures and potential hazards),
PHA-PC (provides preliminary review leading to a detailed hazard
analysis study, also provides risk management technique for screening
and comparing hazards), and MANAGE-PC (for managing the
implementation of recommendations resulting from hazard analysis
studies). In addition to software applications, Primatech also offers
specialized consulting and training services in risk, safety, and
reliability.

Logical Technology, Inc. (LTI)

5113 N. Executive Drive

Peoria, IL 61614

(800) 3-PEORIA, (800) 373-6742

Products/Services Offered: Logical Technology, Inc. is an information
management services firm that specializes in cost-effective regulatory
compliance and office automation. LTI software programs include:
CCM (Chemical Compliance Monitor, which is a compilation of
chemical regulatory and advisory lists), TMS ("The MSDS Solution,"
an easy access, menu-driven package for managing MSDSs), The
Directory (an €electronic file cabinet for plans, procedures, and reports),
Logitrac (material tracking system for all hazardous materials from
purchase to disposal), and HAZMIN (Hazardous Materials Information
Network, which combines the features of Logitrac with a
comprehensive product review process). LTI provides custom-designed
software packages to meet individual customer's needs.
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PRINTED CIRCUIT BOARD RECYCLING

Revision:
Process Code:
Substitute For:

1/96
Navy: ID-25-99; Air Force: HWO1; Army: N/A
Disposal Of Waste Printed Circuit Boards As Hazardous Waste

Applicable EPCRA Targeted Constituents. Copper, Gold, Lead, Mercury, Platinum, Silver

Overview:

Printed circuit boards are a common component of many electronic
systems built for both military and commercial applications. Printed
circuit boards are typically manufactured by laminating dry film on
clean copper foil, which is supported on a fiberglass plate matrix. The
film is exposed with a film negative of the circuit board design, and an
etcher is used to remove unmasked copper foil from the plate. Solder is
then applied over the unetched copper on the board. Depending upon
the use and design of the particular printed circuit board, various other
metals may be used in the manufacturing process, including lead, silver,
gold, platinum, and mercury. Printed circuit boards are potentially a
difficult waste material to process, since they generally have no
usefulness once they are removed from the electrical component in
which they were installed, and they typically consist of materials that
classify them as a hazardous or "special” waste stream. They must be
segregated and handled separately from other non-hazardous solid
waste streams. Printed circuit boards that are handled as waste materials
must be processed using any one of several available disposal options.
Not only are these options expensive, they require a significant amount
of effort and handling by the generator. Furthermore, since some of
these disposal options do not include destruction of the waste circuit
boards, the generator also retains much of the liability associated with
improper handling or disposal.

As an aternative to off-site disposal, printed circuit boards can be
handled and processed to recover the value of the raw materials that are
used to produce the boards. There are several companies that offer
recycling services as an alternative to off-site disposal of obsolete
printed circuit boards. These services will generally process the boards
by systematically removing raw materials of value from the board
matrix. This includes metals such as silver, lead, copper, and gold.
Depending upon the volume and characteristics of the printed circuit
boards processed through a particular vendor, the raw materials will be
recovered and the salvage value returned to the generator.

Typically, the vendor will provide a waste material profile form, which
will be used by the generator to describe the nature, quantity, and
additional characteristics of the circuit boards to be processed. Once the
vendor approves of the processing arrangement, the generator will
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Materials
Compatibility:

Safety and Health:

Benefits:

circuit

waste

Disadvantages.

Economic Analysis:

prepare the circuit boards for shipment. The handling and transportation
methods used will depend on the volume of material, distance to be
shipped, and vendor requirements.

This should generally not be a consideration, since virtually all of the
components of printed circuit boards are stable, solid materials when
handled under normal circumstances. There may be some concern
associated with printed circuit boards that contain unstable and/or toxic
components such as mercury, certain forms of lead, and some electronic
components that are attached to the boards. The waste recycling vendor
should be contacted if there are any potential concerns regarding
material compatibility which may be encountered during shipment or
processing of the circuit boards.

There are minimal safety and health concerns regarding circuit board
recycling. For specific precautions consult your local health and safety
personnel.

Recycling printed circuit boards has various benefits including:

- Recovered value of raw materials reclaimed from processing the
boards
- Savings resulting from the elimination of a potential hazardous waste
or “special” waste stream
- Reduction of potential generator liability associated with improper
handling and/or disposal procedures
- Generators can boost public relations by publicizing efforts made to
bolster recycling initiatives at their facilities

- Market value of the reclaimed metals can fluctuate abruptly
- Boards containing inherently toxic or hazardous materials such as
mercury may have little or no recyclable value

The economics of printed circuit board recycling will be determined by
many factors, including the characteristics of the boards to be recycled,
market value of the reclaimed components/raw materials, volume of
boards being recycled, and conditions of the hazardous waste/solid
waste market. Boards containing valuable metals, such as gold or silver,
which can be readily reclamed will be the easiest and most
economically beneficial to recycle. Boards which contain inherently
toxic or hazardous materials (e.g., mercury) may have little or no
recyclable value and be precluded from consideration in a recycling
program.
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Approval

Authority: Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Points of Contact: Wallace Eakes
Naval Facilities Engineering Service Center
1100 23rd Ave.
Port Hueneme, CA 93043-4370
(805) 982-4882, DSN: 551-4882, Fax (805) 982-4832

Vendors: Clean Harbors, Inc.
Customer Services Representative
Central Customer Service
Quincy, Massachusetts
(800) 533-5900

Chemical Waste Management
Customer Service Representative
Central Customer Service

3003 Butterfield Road
Oakbrook, IL 60521

(800) 843-3604

BFI Industrial Waste Srvices
Customer Service Representative
Central Customer Service

(800) 289-4310
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RECYCLING PHOTO/X-RAY PROCESSING AND PRINTING WASTES

Revision:
Process Code:
Substitute For:

1/96

Navy: ID-25-99; Air Force: HWO01; Army: N/A

Disposal Of Spent Photographic And X-Ray Processing And Printing
Solutions

Applicable EPCRA Targeted Constituents: Heavy/Toxic Metals Including Cadmium,

Hexavalent Chromium, Cyanide, Lead, Mercury, and Silver; Organics

Overview:

Disposal of spent photographic and X-ray processing and printing
solutions is expensive and difficult. The wastes generated by these
processes typically contain elevated concentrations of heavy metals,
organic compounds, and other toxic constituents unacceptable for direct
discharge to a sewer system. In addition, as a result of the specialized
characteristics of these solutions, they generally have very little, if any,
value other than for their intended application. There are, however,
various technologies that can be applied to treat certain solutions prior
to disposal and/or to recover constituents of the waste streams which
have value (e.g. silver recovery from specific photographic process
wastes).

Silver may cause a material to be classified as a RCRA-hazardous waste
by the Toxicity Characteristic Leaching Procedure (TCLP) (40 CFR
261.24). However, for a material to be a RCRA-hazardous waste, it
must first fit the definition of a solid waste under RCRA (40 CFR 261).

Per a July 16, 1990, letter from Sylvia Lowrance (EPA) to Ralph
Eschborn, the EPA considers spent photographic solutions as "spent
materials,” which is a subcategory of solid wastes (40 CFR 261.2 [c],
Table 1). Further interpretation is provided by a February 28, 1994,
letter from Michael Shapiro (EPA) to Scott Donovan:

"Provided that economically significant quantities of silver are
reclaimed from the [spent] solution, [then] the generation, transport, and
storage prior to reclamation of the solutions is not subject to the general
RCRA Subtitle C requirements for recyclable materials... but rather a
different set of regulatory requirements specified at 40 CFR Part 266
Subpart F [40 CFR 266.70]." In addition, "Under RCRA Subtitle C
regulation [and 40 CFR 261.2 (c), Table 1.], characteristic sludges being
reclaimed are not within the definition of solid waste."

In summary, 40 CFR 266.70 states that persons who generate, transport,
or store recyclable materials that are reclaimed to recover economically
significant amounts of gold, silver, platinum, or any combination of
these must apply for an EPA or EPA-approved state generator
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identification number, and must also use the EPA or EPA-approved
state manifest system to document all off-site transportation of solutions
destined for reclamation of precious metals. However, once reclaimed,
the silver is exempt from all hazardous waste regulations. Also, if the
resulting treated liquid does not exceed the RCRA toxicity characteristic
limits for silver (5 mg/L) or any other TCLP compound, than it is
considered to be a non-hazardous material.

There are various technologies for recovering/recycling materials from
spent photographic and X-ray processing and printing waste solutions.
The most concentrated silver-containing waste in film and image
processing is spent or excess fixer bath solution. In a typical film
developing operation, fixer solution is continuously added to maintain
solution strength. As a result, there is generally an overflow of fixer
from the bath. The concentration of silver in the overflow may vary
greatly depending on the type and amount of film processed, frequently
exceeding 5 grams per liter. Because of this high silver concentration,
silver recovery from the fixer solution is cost effective.

When the film is moved from the fixer to the rinse, it carries a small
amount of silver which is removed by the rinse water. Rinse waters
contain low concentrations of silver, ranging from less than 1 milligram
per liter (mg/L) to greater than 5 mg/L. Although there is little economic
benefit to recovering silver from rinse water, environmental regulations
prohibit discharge of untreated rinse water if the silver concentration
exceeds regulatory limits. Nearly all the silver in photographic wastes is
bound up in silver thiosulfate complexes, which are highly stable.
However, federal, state, and local regulations governing silver-
containing wastes do not distinguish between different forms of silver.

There are several technology categories that are used for silver
recovery, including precipitation, ion exchange, reductive exchange,
electrolytic recovery, reverse osmosis, and electrodialysis. The specific
technology to be applied for a particular waste stream will be based on
the waste characteristics, volume, and treatment objectives. For
example, if reduction of silver concentrations to meet wastewater
effluent limitations is the primary treatment objective, then a technology
which achieves extremely high silver recovery from the waste stream is
probably not a cost-effective application. On the other hand, in cases
where silver recovery is of primary importance, then application of a
highly efficient system, such as reverse osmosis or ion exchange, makes
sense. The following paragraphs provide brief descriptions of various
technologies used for treating silver-laden waste streams. Although this
discussion centers on the application of these technologies for silver
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treatment and/or recovery, these technologies are also effective in
addressing additional waste constituents, as described herein.

1. Waste Stream Heavy Metal Precipitation: Hydroxide precipitation of
metal-laden wastewater is a common technology that has been
proven effective for several decades. The concept of this technology
includes adjustment of the waste stream pH to a level at which the
targeted metal is least soluble and will readily precipitate from
solution. Precipitated solids are agglomerated, allowed to settle out,
and then withdrawn from the treatment unit as a metal hydroxide
sludge. Since the optimal treatment pH for various targeted metal
species ranges from about pH 7 to over pH 12, most hydroxide
precipitation systems are only effective in co-precipitating two, or
perhaps three, different metals. As a result, most metal wastewater
treatment systems which deal with multiple metal species include
some means to segregate the waste stream flow trains, to more
effectively address specific metals. Hydroxide precipitation of silver
is effective, although it is not widely utilized, due to unfavorable
economics and lower recovery efficiencies than competitive
technologies.

Silver is frequently precipitated from metal wastewater as silver
chloride, which is extremely insoluble. Thus, silver can be
selectively removed from a mixed metal wastestream without prior
segregation or co-precipitation interference. Should alkaline
conditions exist in the silver treatment wastestream, resulting in co-
precipitation of additional metal species, the precipitated metal
sludges can be acid washed to leave the insoluble silver chloride
compound. Alternative silver precipitation processes, such as the
patented process developed by Eastman Kodak, are available. These
processes rely on the use of magnesium sulfate and lime. The silver
then precipitates as a mixed sulfate-oxide and is recovered from the
settled sludge.

Sulfide is also widely used and is one of the oldest technologies for
silver recovery in the photographic film processing industry.
Hydrosulfite precipitation results in formation of both free silver and
sulfide, with a more compact precipitate with favorable settling
gualities. Disadvantages of this method include relatively high
chemical costs and the need for supplemental heat input.

Precipitation is not commonly used to recover silver from film
processing operations, nor is it commonly used to process liquid
wastes to meet discharge limits.
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2.

lon Exchange: lon exchange is commonly used for silver recovery
from liquid wastestreams. One patented process exists which
involves silver recovery from dilute photographic processing wash
water by passage through a mixture of basic ion exchange resins.
Silver retained on the resin is recovered through either elution of
silver salts from the resin bed or by direct resin incineration and pure
silver recovery. An ion exchange system for silver cyanide
rinsewaters has also been developed, which consists of a five-
column unit. In the first column, a cation exchange resin converts
the silver cyanide to a silver hydrogen cyanide complex. The second
column contains an anion exchange resin, which removes the silver
cyanide. The elutant from the second column is then treated with
sodium or potassium cyanide to recover the silver as either sodium
or potassium silver cyanide. The additional three columns are used
to achieve additional cyanide removal.

Another application of ion exchange technology for silver recovery
utilizes a Type I, strong base gel anion resin to selectively remove
silver from waste rinses. The dissolved silver is present as a
negatively charged thiosulfate anionic complex which exchanges
with sulfate ions on the anion resin. The resin bed is then rinsed with
2 percent sulfuric acid to precipitate the silver collected on the resin.
The effluent from this rinse is then collected, neutralized, and
discharged. This system is capable of reducing silver concentrations
in the treated effluent to between 0.1 and 2.0 mg/L. After a sufficient
number of cycles through the resin bed, the ion exchange capacity of
the resin bed to remove silver will be exhausted. At this time, the
resinis sent to asilver refiner for incineration and silver recovery.

Automated ion exchange columns units generally cost severa
thousand dollars and are practical only for large processing facilities.
An ion exchange column is not suitable for high concentrations of
silver, but may work well for recovering silver from fixer bath
overflows that are diluted with rinse waters.

Metallic Replacement: This method utilizes iron metal (typically
steel wool) to react with silver thiosulfate solution in photo
processing fixer solutions and rinse waters. The iron replaces the
silver in solution, while the silver settles out as a solid, for
subsequent removal. The silver-laden waste solution is passed
through a container filled with steel wool as a means of contacting
the silver with the iron. The typical system consists of two chemical
cartridges installed in series. The silver concentration in the treated
effluent is generally below 5 mg/L. There are three disadvantages of
this system: silver is recovered as a sludge, which is more difficult
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and expensive to process than alternative technologies; chemical
recovery cartridges can not be reused and, thus, must be replaced
when exhausted; and the cartridge effluent wastestream contains
high iron concentrations. The advantage to this technology is that it
is low cost, readily available, and requires no energy or special
plumbing connections.

4. Electrolytic Silver Recovery: In this method, silver-laden solutions
are passed through a system containing an anode-cathode array,
which applies a controlled current. As the solution flows through the
system, silver in virtually pure form is plated on the cathode. Once a
sufficient quantity of silver has been accumulated on the cathode,
the silver is recovered. Two disadvantages of the electrolytic
recovery method are the relatively high capital costs and the lower
treatment efficiency (typical silver effluent concentrations are in the
range of 100 to 200 ppm). In common practice, electrolytic and
metallic replacement systems are used in series, whereby the
electrolytic unit will remove up to 90 percent of the silver in the
influent, with the metallic replacement system removing most of the
remaining silver in solution. However, even when these two
technologies are used in combination, they still are not capable of
achieving silver effluent concentrations to well below 5 ppm. lon
exchange or other alternative technologies must be implemented if
extremely low effluent silver concentrations are consistently
required.

Electrolytic recovery systems can also be used "in-line" for silver
recovery in fixer solutions. Since much of the silver is recovered
during the in-line process, often the only final treatment required is a
metallic replacement cartridge system. Another benefit of in-line
silver recovery is that less silver is carried into the wash water, since
the concentration in the fixer bath is maintained at a lower
concentration.

5. Reverse Osmosis. This method uses high pressure to force a liquid
solution through a semipermeable membrane, which will separate
larger molecule substances, such as salts and organic compounds,
from smaller molecular substances, such as water. Reverse osmosis
(RO) is capable of removing up to 90 percent of silver thiosulfate
complexes (the most common silver compound present in most
photo processing solutions) from wash water. Along with silver, RO
is effective in removing almost all other chemicals in solution. On
this basis, RO is used to recover such photo processing chemicals as
color couplers and ferrocyanide. An additional benefit of RO
treatment is that, due to its high removal efficiencies, treated wash
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Materials
Compatibility:

Safety and Health:

Benefits:

processes

costs

Disadvantages.

Economic Analysis:

water may be suitable for reuse in final rinses. Once silver has been
removed from the wash water, it can be recovered using such means
as chemical precipitation, metallic replacement, or electrolytic
recovery. The primary disadvantage of RO compared to alternative
silver recovery technologies is the high capital investment required.
As a result, its principal application is for treating wash water
solutions to reduce silver concentrations to acceptable levels for
discharge.

N/A

These materials must be handled with caution. Skin absorption is the
main health concern. Chemicals like lead are experimental tetatogens
and carcinogens. Proper persona protective equipment is highly
recommended.

Consult your local health and safety personnel prior to implementing
any of these technologies.

Recycling and/or recovery of photographic and X-ray processing and
printing solutions can:
- Reduce the volume of hazardous waste generated from these

- Reduce the cost of chemical usage
- Reduce or eliminate hazardous waste handling/treatment/disposal

Result in a net positive economic return (especially for silver recovery)

- These processes can be costly if not selected in conjunction with a
specific treatment plan or goal

Economics depends on site-specific information including system
characteristics, waste volumes, and treatment objectives. In general, the
higher volume and the higher concentration of the process solution
being handled, the more cost effective implementation of a
reuse/recovery system becomes. For low volume operations, installation
of a metallic replacement system is typically a cost effective alternative.
Installation of an electrolytic recovery unit becomes economical for
higher processing volumes, since the capital installation cost will be
more than offset by the savings incurred from fewer changeouts of
metallic replacement cartridges. In-line electrolytic recovery units will
reduce silver refining costs since the collected silver isin aform that is
more readily recoverable. In cases where low effluent silver
concentrations are required, installation of an ion exchange system may
be necessary. However, the capital investment and chemical handling
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Approval
Authority:

Points of Contact:

Vendors:

costs associated with this method are higher than for alternative
technologies.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Your installation can obtain silver recovery units from the Defense
Reutilization and Marketing Office. To obtain information on their
services, contact Ms. LaVona E. Remakel, DSN 246-6655.

Contact 1st Lt. Timothy G. Bossetti, US Army Environmental Hygiene
Agency, DSN 923-6205, for more information about the US Army
study of silver recovery technologies.

There are many companies that offer products and/or services which
deal with the technologies described in this data sheet. A list of
representative contacts is presented below. This is not intended to be a
complete listing.

Eastman Kodak Company
Department 412-L
Rochester, NY 14650-0532
(800) 242-2424

lon Exchange Treatment
Resin Tech, Inc.

615 Deer Road

Cherry Hill, NJ 08034
(609) 354-1152

Osmonics, Inc.

5951 Clearwater Drive
Minnetonka, MN 55343-8990
(612) 933-2277

Silver Recovery Equipment
Rhodes/American Steel Wool Mfg. Co.
2825 W. 31st. St.

Chicago, IL 60623

(312) 247-6000, (800) 621-8934

Silver Treatment Systems, Inc.
20 Aegean Drive
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Methuen, MA 01844
(508) 682-6407

Silver Solutions, Inc.
P.O. Drawer 1064

Y azoo City, MS 39194
(601) 746-7470

Durawool, Inc.

P.O. Box 254

Queens Village, NY 11428
(718) 776-5800

Silver Refiners & Scrap Purchasers
Martin Metals, Inc.

1319 Wilson St.

Los Angeles, CA 90021

(213) 627-7755

Speciaty Metals Refining Co.
10 Bay Street, Dept. 10712
Westport, CT 06880

(203) 372-0481, (800) 426-2344

MRP Co., Inc.

P.O. Box 343
Cockeysville, MD 21030
(410) 666-2775

Eastern Smelting & Refining Corp.
37-39 Bubier St.
Lynn, M assachusetts

Americana Precious Metals Div.
217 Paterson Ave.
East Rutherford, NJ 07073
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SOFTWARE TO EVALUATE THE PROFITABILITY OF POLLUTION

PREVENTION
ASSESSMENT”

Revision:
Process Code:
Substitute for:

INVESTMENTS USING METHOD OF “TOTAL COST

1/96
Navy: N/A; Air Force: N/A; Army: N/A
Conventional Financial Analysis

Applicable EPCRA Targeted Constituents: N/A

Overview:

“Total cost assessment (TCA)” is a method to eliminate unjustified and
misleading financial barriers in consideration of pollution prevention
processes and projects. The TCA method’'s focus is on the “true”
profitability of proposed projects and differs from conventional
financial analysisin four ways:

- Cost, savings, and revenue summaries include indirect items like
compliance, training, testing, liability, and affect on product and
corporate image, all typically neglected from project analysis.

Costs and savings are directly allocated to specific process and
product accounts rather than to overhead accounts.

Time horizons for calculating returns on investment are extended to
capture longer-term benefits.

Other profitability measures include the time value of money for
evaluating long-term costs and savings.

Using the TCA method, the Tellus Institute has completed several major
studies including 1) a study for the EPA Division of Pollution
Prevention entitled, “Total Cost Assessment: Accelerating Industrial
Pollution Prevention through Innovative Project Financial Analysis,”
and 2) a study for the New Jersey Department of Environmental
Protection and Energy entitled, “Alternative Approaches to the
Financial Evaluation of Industrial Pollution Prevention Investments.”
Furthermore, Tellus has incorporated the TCA method into its software,
“P2/FINANCE.”

P2/FINANCE is spreadsheet software designed to guide companies in
data collection and rigorous financial evaluation of potential pollution
prevention projects. As a starting point or a complement to a company’s
existing project evaluation procedure, P2/FINANCE assures that
pollution prevention projects have accurate financial representation and
receive due consideration when capital budgeting is done. In addition,
the program can compare the costs of current practices to various
alternatives based on a number of criteria: liability, cost, debt, interest
and tax rates, inflation, and depreciation.
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Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

the

Economic Analysis:
Approval

Authority:

Points of Contact:

Vendors:

The program is available in either Microsoft Excel 4.0 or Lotus 1-2-3
for MS-DOS 3.1 (or higher) formats, and comes complete with a User’s
Manual and user support, if desired. A mouse and color screen are
optional, but do simplify operation of the program. For larger groups
and organizations, one day training on TCA and P2/FINANCE is
available.

N/A
N/A

- TCA focuses on true profitability of proposed projects
- TCA method is more detailed than conventional financial analysis
for pollution prevention projects

- Users may need to set aside time to educate themselves on the TCA
method so that they will understand how to plan an analysis (plug in
appropriate variables) for accurate results

The software is available free of charge for all U.S. government
agencies. For those without a licensing agreement, a demo diskette and
user’s manual can be purchased for $35.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Tellus Institute for Resource and Environmental Strategies

11 Arlington Street

Boston, MA 02116-3411

(617) 266-5400, Fax (617) 266-8303

Ms. Angela Dierks

Tellus Institute’s “P2/FINANCE” software is licensed by the U.S. EPA.
It is available free of charge to all U.S. government agencies by calling
the EPA’s Pollution Prevention Information (P2l) Clearinghouse at
(202) 260-1023. The P2l Clearinghouse will mail a diskette of the
desired version (Lotus 3.4a and Excel 4.0) upon request. For those
without a licensing agreement, a demo diskette and user’s manual are
available from Tellus for $35. Details about the complete licensing
agreements for individuals and organizations, which may include
training and follow-up support, are also available from Tellus.

See Points of Contact.

Source: The Tellus Institute’ s P2/FINANCE documentation.
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SPILL PREVENTION TECHNIQUES

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
N/A

Applicable EPCRA Targeted Constituents: N/A

Overview:

A key component of an integrated approach to pollution prevention is to
minimize accidental and incidental releases of toxic and hazardous
materials to the aimosphere. These releases usually result in not only a
waste of material, but also in the generation of contaminated soil,
absorbent material, and contaminated product that has to be treated and
disposed. A structured plan is absolutely necessary to assure control of
systems and to verify that the goal of zero spills can be achieved.

Spills are caused by a number of common factors, but the most likely
causes are:

Mechanical failure

Personnel error

Fires and explosions

Power failures, and

Natural disasters such as tornadoes, earthquakes, and hurricanes

Since the great majority of spills result from the first two factors, which,
to a large extent, also control the third factor, proper design and
prevention measures can greatly reduce the incidence of spills. The
following suggested measures go a long way toward laying the
foundation for a system that will minimize occurrence of accidental
spills:
- Good design

Explicit and detailed operating and maintenance procedures
Thorough training of all personnel

Conscientious and timely maintenance of equipment and facilities
Strict job responsibility and accountability

Redundant process control and alarm monitoring systems

Other proactive and reactive processes should be implemented to
minimize the occurrence, reoccurrence, and severity of spills that do
occur. This includes investigating all spills to determine root cause;
performing process hazard analyses to look at factors such as chemical
interactions, maximum material inventories, materials compatibility, and
failure scenarios; and developing spill action plans to be followed in the
event of a spill. In addition, physical barriers should be used to contain
gpills and minimize environmental damage (contamination of soil,



TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET

groundwater, or leakage into sewers or surface waters) in the event of a
release. Such physical barriers include neutralizing agents and
containment devices (booms) strategically located to be quickly
deployed in the event of a spill.

Monitoring Systems

Knowledge and decision making are critical to taking appropriate action
when an unusual circumstance presents itself. Instrumentation is the key
to obtaining fast and accurate knowledge of the status of the process.
Furthermore, redundancy of instrumentation is a vital component of any
good spill prevention system. All critical instruments, such as drum or
tank level sensors, should be duplicated, preferably with an instrument
using a different means of sensing to avoid a double failure.

Control and accuracy of inventory by material balance may also indicate
a spill is occurring. Alarm setpoints should be chosen to minimize false
alarms while maintaining adequate response for true failures.

Piping Systems

Pipelines are often the site of magor spills, typically because of

equipment failure. Guidelines for designing, maintaining, and operating

pipelines are as follows:

- A standard identification system should be developed for all
pipelines to assure proper and accurate indication of the product
flowing within each and every line. All lines should be marked and
their markings maintained.

Any product fill line entering a tank below the liquid level should
have a check valve and isolation valve combination located close to
the recelving tank in order to prevent massive backflow or siphoning
of the material out of the tank. The isolation valve permits easy
maintenance of the check valve as well as tight shutoff in the event
of atransfer shutoff.

Underground pipelines should be avoided. If lines must be
underground, they should have protective coatings and wrappings,
as well as cathodic protection to minimize corrosion. In addition, a
section of the underground line should be exposed and inspected
annually until the entire length of the line has been inspected over a
period of years. Then the process should be continued from the
original starting point.

If a pipelineis taken out of service for an extended period of time, it
should be marked, blind flanged, and isolated at both ends.

Pipelines supported just off the ground, especially those using wood
or makeshift shoes, should be avoided. Pipelines should be routed in
designated pipe racks with standard pipe shoes at each support point.
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Stress analysis should be done for all piping subject to thermal
cycling to avoid overstress and rupture during a cycle.

Designers should minimize the number of inaccessible valves and
flanges. All connects should undergo at least a regular quarterly
visual inspection, at which time an assessment can be made of the
general condition of the line, its support structure, and other
components.

Elevated pipe bridges should be used for road crossings and
designed for the tallest regular vehicle traffic. Exceptional vehicular
traffic should be notified of the crossing heights in order to allow
time to make alternative arrangements.

Pumping systems should be located in close proximity to storage
tanks.

Baffles, hard coatings, high alloys, long bends, or other means of
abrasion resistant designs should be used for abrasive or erosive
liquids.

Bulk Storage

Underground tank use should be avoided unless adequate measures
have been taken to assure integrity of the vessel by a combination of
careful design, quality construction, conscientious maintenance,
continuous monitoring, and periodic inspection.

Material storage should only be done in vessels designed and
constructed to meet the requirements of the stored material.
Additionally, all vessels should be subjected to integrity testing by
the most appropriate non-destructive means, e.g., x-ray, dye
penetrant, etc. All tanks should also undergo hydrostatic testing as a
new tank and following maintenance work.

Thickness testing should be done periodically and compared to the
vessel’ s original thickness to track reduction due to corrosion.

Tank farms for large volume storage should have a spill containment
volume (e.g., pits, dikes, or curbs) equal to 110% of the volume of
the largest tank.

Drainage of rainwater from containment areas should be restricted to
in-plant treatment, unless assurances such as locked valves, careful
analysis of water, and monitoring of pumpouts are carried out.
Fail-safe engineering designs should be used on all tanks: high and
low audible alarms with redundancy directed to a constantly manned
control station and high level pump cut-offs or valve shutoffs to stop
flow at a predetermined liquid level to prevent overfilling of tanks.
Visible product seeps or leaks from seams, cracks, or gaskets should
be followed by immediate corrective action.

Analytic devices (e.g., pH sensors) should be installed in wastewater
sumps or other collection point for early warning of spilled material.
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Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Economic Analysis:

Approval
Authority:

Points of Contact:

Vendors:

Compatibility of materials should always be checked before putting a
pipeline, vessel, or piece of mechanical equipment into service. This
includes not only the bulk materials of each item, but also the gaskets,
o-rings, coatings, liners, and seals. Consider cleanout conditions,
especially high temperature conditions, which may cause two materials
compatible at a lower temperature to be incompatible at an elevated
temperature.

Consult your local health and safety personnel for assistance in
developing a spill prevention plan where needed.

The benefits of spill prevention are:
Raw materials and finished products are not wasted, lost or disposed
Damage to the environment is minimized if product losses are
minimized
Treatment and disposal costs are minimized and salable and useable
product is maximized

N/A

Spill prevention systems have definite costs, unfortunately, spill
avoidance and the major costs and hazards that never manifest
themselves are difficult, if not impossible, to quantify when trying to
justify a spill prevention project on its economic merits. Sometimes
historical cost data from past spills can be used in cost avoidance
arguments. In any event, the costs and benefits of spill prevention
systems must be weighed for each individual case.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Wayne Blodgett

Code 424

Naval Facilities Engineering Service Center

1100 23rd Avenue

Port Hueneme, CA 93043-4370

(805) 982-2635, DSN 551-2635, Fax (805) 982-4832

N/A
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THE CLEAN-IN-PLACE (CIP) METHOD TO MINIMIZE HAZARDOUSWASTE

Revision:
Process Code:
Substitute for:

1/96
Navy: ID-03-99; Air Force: CL0O4; Army: Not available
Hydroblasting, chemical cleaning, and solvent cleaning

Applicable EPCRA Targeted Constituents: N/A

Overview:

Clean-In-Place (CIP) is a method designed to “automatically” clean
pipes and process equipment without the time and labor requirement of
manually dismantling equipment components. Long-term, CIP is less
expensive and more consistent than conventional manual cleaning
methods. CIP is not a substitute for toxic solvents, but rather, a more
efficient way to use them.

CIP is more of a design method than a cleaning process. The CIP
method works “automatically” by eliminating the places where residue
can accumulate. This is achieved by placing pipes at an angle to the
horizontal (minimum 3%) to improve drainage and by using instruments
and valves that connect flush to pipes, eliminating “dead legs’ (places
where residues can be trapped). CIP is perhaps best applied to batch
process operations because the amount of residual product from a batch
can contaminate subsequent batches and given the frequency of these
operations, the CIP method is ideally suited to fast turnarounds and to
achieving a high degree of piping and equipment cleanliness.

The CIP method can be improved with specially designed process
equipment, piping, and fittings which have ducts and spray balls for
cleaning the equipment internally. As of July 1994, only diaphragm
valves have been used with CIP; ball and slide valves can be modified
with injection ports for use with CIP, but this makes them very
complex.

To enhance the CIP method, use a CIP cleaning system which consists
of a centralized control unit with satellite spray-washing and rinsing
units to clean the process equipment, pumps, valves, and pipes. Also,
use gear pumps with alow “dead” volume (where “dead” volume refers
to the amount of void space that does not drain freely and as a
consequence can be difficult to clean because material is stagnant and
then dries or polymerizes). Mechanical drives have internal parts which
have void spaces where residue can be deposited; these must be
removed for cleaning, so for difficult applications with rotating
equipment such as agitators, magnetic drives should be used.

The CIP cleaning system is procured as a package consisting of a
recirculation system: storage tank, pump, heat exchanger, and rotary
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Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

Vendor:

strainer; a chemical feeder which makes the cleaning solutions; a
cleaning system with spray balls and piping to supply and return the
various solutions; solution-return tanks; and control instrumentation.
After the chemical processis complete, activate the CIP cleaning system
to clean and rinse the equipment, the cleaning can even be integrated
into the process program.

As the CIP cleaning system does not alter the actual chemicals used for
cleaning, material compatibility should not be an issue.

Consult your local industrial health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

For most process plants, the use of CIP systems increases overall capital
costs by about 10%. However, the return on investment due to lower
labor, raw material, and energy costs can mean pay back in less than a
year.

Requires redesigning the current system.

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

N/A
The following is acompany that can assist you in setting up the Clean-

in-Place technology. Thisisnot meant to be a complete list, as there are
other manufacturers of this type of equipment.

Hartel Corp.
201 North Marx Street
Ft. Atkinson, WI 53578

Mr. Gene Bond (414) 563-8461
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NUMBERING SYSTEM FOR CFCS, HCFCS, AND HALONS

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
N/A

Applicable EPCRA Targeted Constituents. N/A

Overview:

The common names for class | and class || ODSs are derived from each
compound’s chemical formula. Because the common names can be
relatively long, numbering systems were devised to more simply
describe each compound.

A numbering system describing chlorofluorocarbons (CFCs), which are
class | ODSs, and hydrochlorofluorocarbons (HCFCs), which are class
Il ODSs, has been developed to simply and systematically name each
compound. The numbering system for both classes of compounds is the
same (except for a slightly different numbering system used to describe
the Halons and also the prefix before each number, which is simply
CFC- or HCFC-, depending on the class to which that particular
compound belongs). For CFCs and HCFCs, the ones digit (last)
indicates the number of fluorine atoms in each molecule, the tens digit
represents the number of hydrogen atoms in each molecule plus one,
and the hundreds digit represents the number of carbon atoms in each
molecule minus one. For example, trichlorotrifluoroethane is a CFC
that has three fluorine atoms, no hydrogen atoms, and two carbon atoms
in each molecule; hence, the designation CFC-113. Since there are two
carbon atoms and thus six sites available for halogens (chlorine or
fluorine only, no bromine) and hydrogens, the number of chlorine atoms
is determined by the difference between the total number of sites
available and the sum of the hydrogen and fluorine atoms. In this case,
6-(0+3) = 3, or the number of chlorine atoms.

The Halon numbering system uses four digits. It is similar, but also a
bit simpler, since the Halons, like the CFCs, are totally halogenated,
lacking any hydrogen atoms. The numbering system uses a simple
count of the number of atoms of each element in the molecule from the
ones digit to the thousands digit: bromine (Br), chlorine (CI), fluorine
(F), and carbon (C), respectively. For example, the
bromochlorodifluoromethane molecule has one bromine atom, one
chlorine atom, two fluorine atoms, and one carbon atom; hence, the
designation Halon 1211 or CF,CIBr.

It is possible to derive the common name or chemical formula of most
of these compounds. The numbered names have a lower case letter
following the ones digit. This letter indicates a particular isomer or
arrangement of the molecule, but no other specific information to
further establish the compound’ s exact identity.
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Materials
Compatibility: N/A

Safety and Health: N/A
Benefits: N/A
Disadvantages. N/A
Economic Analysis: N/A

Approval
Authority: N/A

Points of Contact: Ms. Sally Rand
USEPA Significant New Alternatives Policy (SNAP) program
(202) 233-9739.

Vendors: The following list is not meant to be complete, as there are other
manufacturers of this product.

Du Pont Fluorochemical Products Information
(800) 582-5606
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R-502 ALTERNATIVE

Revision:
Process Code:
Substitute for:

1/96
Navy: SR-04-02; Air Force: FAO3; Army: OTG
Refrigerant R-502

Applicable EPCRA Targeted Constituents:. N/A

Overview:

R-404ais an EPA Significant New Alternatives Policy (SNAP, Subpart
G of 40 CFR Part 82) program approved substitute for R-502, which is a
mixture of Class Il (HCFCs) used primarily in large commercial and
industrial refrigeration applications, such as cold storage warehouses,
commercial ice machines, industrial process refrigeration units, and
refrigerated transports.

R-404ais a near azeotropic mixture of the following refrigerants. HFC-
125 (44%), HFC-143a (52%), and HFC-134a (4%). These refrigerants
are all hydrofluorocarbons (HFCs), and thus are not on either the Class |
nor the Class |1 lists of ozone depleting substances (ODSs). R-404awas
developed as a long-term replacement for refrigeration equipment
currently using primarily R-502. R-404a provides similar energy
efficiencies and capacities, but with a lower discharge temperature and
glightly higher discharge pressure. It is acceptable for both new
equipment and retrofit equipment; however, triple flushing is sometimes
necessary for retrofit equipment so that most (>95% by weight) of the
mineral oil [ubricant is removed (allowable residual mineral oil is highly
dependent on system configuration and operating conditions). Flushing
can usually be accomplished after removing and recovering the existing
refrigerant by simply draining the existing mineral oil either from an oil
drain plug or by removing the compressor and draining from the suction
line. In most small systems, 90-95% of the lubricant can be removed
from the system in this manner. Larger systems may require multiple
drainage points, particularly if there are low spots around the
evaporator. In systems with an oil separator, any lubricant in the
separator should also be drained. In all cases, measure the volume of
lubricant removed and compare to the compressor/system specifications
to assure that >95% of the lubricant has been removed. If >95% of the
mineral oil lubricant has not been removed, flushing will be required (if
the system shows poor heat transfer, the mineral oil residual is typically
still too high). Equipment using R-404a requires polyol ester
lubricating oil, so flushing consists of selecting a polyol ester lubricant
with aviscosity similar to the existing lubricant and charging an amount
of polyol ester oil equal to the amount of mineral oil removed.
Recharge the system with the recovered R-502 in order to achieve
thorough mixing of the two lubricants (48 to 72 hours of operation may
be required). Repeat this procedure twice more, but on the last charge
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M aterial
Compatibility:

Safety and Health:

Benefits:
Disadvantages.
Economic Analysis:

Approval
Authority:

Points of Contact:

of fresh polyol ester oil, recharge the system with R-404a instead of the
recovered R-502. Note - special care should be taken when handling
polyol ester lubricants due to their tendency to absorb water; minimize
contact with air and keep in a sealed container.

The following precautions regarding R-404a use should also be noted:

1) Because R-404a is a blend, any leaks in a system may allow
components of the blend to bleed off at different rates, leaving behind
an altered blend that may mask system problems during troubleshooting
and failures. Leak detection and prevention should be maintenance
priorities, especially when running systems with refrigerant mixtures.

2) Service ports and valves on retrofit systems should be well
marked and identified to assure the refrigerant type is known by all
service and maintenance personnel.

3) The chemical compatibility of plastics and elastomers should be
considered before retrofitting. Gaskets, shaft seals, and o-ring materials
should be reviewed with the equipment manufacturer before retrofitting.
4) Use of HFCs is subject to the no-venting prohibition under the
Clean Air Act Amendments, Section 608 (c) (2), which takes effect
November 15, 1995, at the latest.

For most retrofit systems, the optimum charge of R-404a will be 85-
90% of the weight of the equipment manufacturers recommended R-502
charge.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing

any of these technologies.

Reduce the amount of Class I ODSs going into the environment.

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval

is not required.

Air Conditioning and Refrigeration Institute
(703) 524-8800
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Vendors: The following list is not meant to be complete, as there are other
manufacturers of this product.

Ms. Allison Minton or Mr. Bob Luksic

Technical Information Specialists

Du Pont Fluorochemicals

(800) 242-4618, (800) 582-5606, or (800) 441-9442.

Note: Du Pont tradename for R-404ais SUVA® HP-62. Du Pont can
also supply a copy of “Du Pont Refrigerants Document Cross Reference
Listing,” 13 APR 94.
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PURCHASE RESTRICTIONS ON CFC-CONTAINING APPLIANCES

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
CFC-Containing Residential Appliances

Applicable EPCRA Targeted Constituents. CFC-12 (dichlorodifluoromethane)

Overview:

Materials
Compatibility:

Health and Safety:

Benefits:
Disadvantages.
Economic Analysis:

Approval
Authority:

Points of Contact:

Given the production phase-out of Class | CFCs, any purchases of new
appliances would ideally be those having CFC-free refrigerants.
Refrigerators using HFC-134a are just coming to market, but portable
room air conditioners use predominantly R-22, an HCFC and Class |1
ODS (with a lower ozone depleting potential than CFCs and scheduled
for phaseout beginning 2015) and are not yet being replaced with an
HFC substitute.

DOD policy is to avoid purchase of new equipment containing CFCs.
However, residential refrigerators and portable room air conditioners
have not yet been mass produced using ODS-free refrigerants.
Nevertheless, production of HFC refrigerators is expected soon, and
purchases should be directed toward those new products if at all
possible. If thisis not possible, then purchase a refrigerator using an
HCFC; otherwise, an ODS waiver will be required for purchase of any
item containing a CFC. Procurement of portable room air conditioners
containing HCFC-22 does not require a waiver and will most likely be
allowed until the year 2000.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduce the amount of ODSs going into the environment.

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval

is not required.

E.I. Du Pont de Nemours Corporation
(302) 999-3129
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Vendors: The following list is not meant to be complete, as there are other
manufacturers of this product.

Whirlpool Corporation, Consumer Assistance Center
(800) 253-1301 or (800) 437-9616
2000 North State Rte. 63 Benton Harbor, M1 49022

SERP (Super Efficient Refrigerator Program) Line of ODS-free
refrigerators

Models ED-22 and ED-25, uses HFC-134a.

SERRP refrigerators are sold through utility companies.

The following manufacturers were not yet producing ODS free small
appliances as of 30 Dec 93:
General Electric, (800) 626-2000
Amana, (800) 843-0304
Frigidaire/Westinghouse, (800) 451-7007 - Subzero, (800) 222-
7820

(614) 861-1350
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AEROSOL CAN PUNCTURING AND CRUSHING

Revision:
Process Code:
Substitute for:

1/96
Navy: ID-25-99; Air Force: HWO01; Army: OTG
N/A

Applicable EPCRA Targeted Constituents. ODS Propellants

Overview:

Aerosol cans are difficult to dispose when still filled with product.
There are several devices on the market that can puncture aerosol cans
that are not empty.

Aerosol can puncturing devices are available to safely puncture,
depressurize, and empty aerosol cans not completely discharged during
use. The devices safely puncture the cans, capturing their contents and
emptying them for easy recycling or disposal. Spray nozzles are
typically removed as well. Puncturing is not required by law, nor is it
considered treatment; however, some regulatory agencies may consider
an unpunctured aerosol can to exhibit the characteristic of reactivity, as
heat or external pressure can cause detonation if the can is partially or
completely filled. The law only requires the container to be “empty,”
where “empty” is defined as “removing all wastes that can be removed
using practices commonly employed to remove materials from that type
of container; and no more than 1 inch of residue remains on the bottom
of the container; or no more than 3% by weight of the total container
capacity remains within the container (if the container is <110 gallonsin
size).” Furthermore, a container that has held a compressed gas is
considered empty when the pressure in the container approaches
atmospheric.  Containers meeting these “empty” criteria are not
hazardous waste and can be disposed of as non-hazardous waste.

In some states, like California, volatile organic carbon (VOC) venting is
regulated. Since some propellants are frequently VOCs, for example
butane, the puncturing operation could result in release of these
compounds to the environment. To address this problem some devices,
such as the AEROSOLV unit by Katec, provide an activated carbon
adsorption canister to capture any VOCs released from the punctured
can. However, the carbon has to be replaced and disposed of
periodically and is not intended to adsorb CFCs.

Disposal is not the only option for handling used aerosol cans; at least
one company, Macon Iron and Metal in the Atlanta area, will accept
aerosol cans for recycling. Customers are, however, required to sign an
indemnity agreement stating the aerosol cans are empty.
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Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages:
Economic Analysis:

Approval
Authority:

Points of Contact:

Vendors:

N/A

As aerosol cans are under pressure, it is important to use the proper
personal protective equipment and to ensure that personnel are properly
trained. Consult your local Industrial Health specialist, your local health
and safety personnel, and the appropriate MSDS prior to implementing
any of these technologies.

Reduces the difficulty of recycling or properly disposing of aerosol cans
not completely discharged during normal use.

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

N/A

The following list is not meant to be complete, as there are other
manufacturers of this product.

Sources of can puncturing systems:

Katec Inc.

P.O. Box 3399

VirginiaBeach, VA 23454

(800) 843-6808

Manufacturer of the AEROSOLYV Aerosol Can Puncturing system

Mr. Mike Campbell.

Herkules Corporation

8230 Goldie, Wald Lake, M1 48390

(800) 444-4351 or (810) 960-7100

Manufacturer of the AFC-2 Puncturing and Crushing Unit.

Sources of can crushing systems:
C.S. Bell

170 W. Davis St.

P.O. Box 291, Tiffin, OH 44883
(419) 448-0791.
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Drew-It Corporation
P.O. Box 10111
Greenville, SC 29603
(803) 292-6376

International Compactor Inc.
P.O. Box 5918

Hilton Head Island, SC 29938,
(800) 423-4003

Can recycler:

Macon Iron and Metal
(912) 743-6773

Mr. Evan Koplin
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NON-CHLOROFLUOROCARBON ALTERNATIVESFOR AIR CONDITIONING
AND REFRIGERATION

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
Air Conditioning and Refrigeration using chlorofluorocarbons

Applicable EPCRA Targeted Constituents. CFC-11, CFC-12, CFC-113, and CFC-114

Overview:

CFCs and HCFCs have been used as refrigerants since the 1930s.
Because of their ozone depleting effect and the eventual phaseout of the
production of these chemicals, development of alternative refrigerants
and refrigeration and air conditioning processes are becoming
increasingly important.

Air conditioning and refrigeration use the principle of vapor
compression to achieve a cooling effect. This process has long relied on
CFCs and HCFCs as the refrigerant materials of choice for use in the
vapor compression process. The discovery of their probable effect on
the ozone layer has resulted in the development of alternative processes,
aswell as development of new refrigerants.

The first substitute refrigerants for CFCs and HCFCs have been
developed and are known as hydrofluorocarbons (HFCs), since they do
not contain any chlorine atoms, HFCs are already beginning to be used.
Due to the concern for future regulation of HFCs for global warming,
other processes are being looked at to replace them in the long-term.

Applications for:

- Vapor compression using hydrocarbons, ammonia, carbon dioxide,
or water: Ammonia-refrigerated warehouses and industrial
processes, Hydrocarbons - industrial applications and more recently
small appliances; Water - above 0 degrees C applications only, such
as air conditioning; Carbon dioxide - stationary air conditioning, and
potentially automobile air conditioning in the future; Being used in
small appliances in many parts of the world, but not in the U.S.
Evaporative cooling (direct and indirect): Residential and industrial
air conditioning systems
Gas expansion: Transport of perishable substances
Absorption: Industrial processes with excess waste heat but also
needing refrigeration, gas fired systems are often used in remote
areas Where electrical costs are high or the supply of electricity will
not meet demand, often used in conjunction with electrically
powered vapor compression systems to reduce peak load power
demands
Stirling Cycle: Practical only for small applications
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Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Air (Joule) Cycle: Not practical in many applications due to high
power requirements

Thermoelectric Cooling:  Small applications, not economically
viable in most larger applications due to its low efficiency, often
used in specialty applications where low noise or high reliability is
desirable e.g. on submarines

Magnetic Cooling: Without cost considerations and very low
temperature requirements

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Vapor compression using hydrocar bons, ammonia, carbon
dioxide, or water - zero ozone depletion potential (ODP), zero
global warming potential (GWP) (except negligible for carbon
dioxide and hydrocarbons), widely available, and good thermal
properties.

Evaporative cooling (direct and indirect) - zero ODP and GWP,
high efficiency in dry climates, provides humidity, improves indoor
air quality, high air flow rates, commercially available, life cycle is
cost effective, adaptable to various energy sources

Gas expansion - zero ODP and GWP, simple mechanical design,
and low capital costs

Absor ption - zero ODP and GWP, can use waste heat, reliable (few
moving parts), commercialy available, most economically viable
when waste heat is available

Adsorption - zero ODP and GWP, energy efficient, can use waste
heat

Stirling Cycle - zero GWP, can be used over wide temperature
range, theoretically high efficiency

Air (Joule) Cycle - zero ODP and GWP, non-toxic, non-flammable,
low installation and maintenance costs

Thermoelectric Cooling - zero GWP, immediately available, high
reliability, small, no moving parts, wide cooling range (-100 to +125
degrees C)

M agnetic Cooling - zero ODP and GWP

Thermoacoustic Cooling - zero ODP and GWP, no moving parts

Vapor compression using hydrocarbons, ammonia, carbon
dioxide, or water - Ammonia and hydrocarbons are flammable,
ammoniaistoxic, and water and carbon dioxide systems are
generally bigger and more expensive.
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Evaporative cooling (direct and indirect) - high equipment costs
and service requirements; usually works poorly in high humidity
climates, new techniques such as indirect evaporative cooling and
use of desiccants are expanding evaporative cooling into more
humid climates; retrofits difficult for existing vapor compression
systems

Gas expansion - low efficiency, high refrigerant costs, limited
applications

Absorption - less efficient than vapor compression, LiBr can be
toxic

Adsor ption -low cooling efficiency, large equipment, high cost, not
available in short term

Stirling Cycle - low demonstrated efficiency, significant materials
development required

Air (Joule) Cycle - low efficiency, high power requirements
Thermoelectric Cooling - low efficiency, not efficient enough for
large applications

Magnetic Cooling - very high costs, low efficiency,
superconducting materials required, high magnetic fields require
shielding

Thermoacoustic Cooling - low efficiency, still requires long term
development

Economic Analysis: N/A

Approval
Authority:

Points of Contact:

Vendors:

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Alternative Fluorocarbons Environmental Acceptability Study
The West Tower, Suite 400

1333 H Street NW, Washington D.C. 20005

(202) 898-0906, FAX (202) 798-1206

Oak Ridge National Laboratory
Oak Ridge, TN 37831-2008
(615) 574-0576, FAX (615) 574-9338

N/A
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ALTERNATIVESTO CFC-12 ASA TRACER GASFOR LEAK DETECTION

Revision:
Process Code:
Substitute for:

1/96
Navy: 1D-14-99; Air Force: MNO1; Army: Not available
CFC-12

Applicable EPCRA Targeted Constituent: CFC-12

Overview:

In order to detect leaks in pressure vessels, refrigeration systems, and
various other equipment, the equipment can either be pressurized or
evacuated and tested for leaks. Instruments sensitive to certain types of
gas are then used to pinpoint leaks in the vessel or system The repair of
small leaks leads to greater safety and lower product losses, which result
in lower costs. Past practice has often been to pressurize a piece of
equipment with a refrigerant, such as CFC-12, and then use one of a
wide range of refrigerant leak detectors to snoop for leaks. However,
chlorofluorocarbons (CFCs) are significant contributors to ozone
depletion, and are therefore being phased out of production.
Alternatives to CFCs for leak detection are available for testing the
integrity of high-pressure equipment and systems.

Several options are available to replace CFC-12 as a leak-detection
agent. Options include, a refrigerant and nitrogen/air mixture, a
refrigerant alone, or simply an inert gas. Some standard leak detection
equipment can detect all leak-detection agent alternatives. Leak
detectors primarily designed to qualitatively indicate the presence or
absence of leak-detection agents are used to pin point leaks. Equipment
is available that will detect specific concentrations;, however, this
equipment is very expensive and is not necessary for locating system
leaks. Replacement compounds are described briefly below. Detection
equipment and special leak detection systems for refrigeration units are
described in detail in the Pollution Prevention Opportunity Data Sheet,
“Leak Detection and Emission Reduction of Refrigerants from
Refrigeration Systems.”

Replacement Compounds

Refrigerant Tracer: In order to use testing equipment presently
available, a refrigerant and air, or a refrigerant and nitrogen mixture is
cycled through a system to check for leaks. The reason for having
refrigerant present in the leak-detection agent is that it’'s the presence of
refrigerant makes a leak readily detected.

Inert Gases: Use of inert gases for leak detection can be similar to using

a refrigerant-based tracer. Inert gases like helium or argon can be used,
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Materials
Compatibility:

Safety and Health:

although special detectors are required. Nitrogen or compressed air can
also be used.

OthersMethods

(Soap) Bubble Test: A simple leak test can be performed by applying a
soap solution to potential leak sources and observing for bubbles

Dye: Dyes can be applied to suspect areas or mixed into other materials
in order to better locating leaking areas.

Electronic Leak Detectors. Electronic leak detectors can identify the
presence of specific refrigerants or gases, and can give a reading on the
relative size of the leak. These detectors have movable probes that are
effective in areas where a soap bubble test would be difficult.

Hydrostatic testing: Hydrostatic testing uses compressed water as the
leak detection agent. This method has limited applicability for leak
detection in refrigeration systems and is used primarily for pressure
vessels and piping systems.

Manometer: Manometers can be used to measure minute changes in
pressure across evaporators or condenser coils. While a manometer
cannot determine exact locations of leaks, it can identify the section of
equipment where refrigerant is being lost.

Most refrigerants are very inert and have relatively low toxicity.
However, some are rather toxic, and others can degrade into toxic
materials if they decompose; for example, by exposure to a flame.
Therefore, leak testing should never present gas concentrations above
the compound’'s permissible exposure limits unless proper personal
protective equipment is used. In addition, chemical compatibility with
leak detection equipment should always be checked with the original
equipment manufacturer to safeguard components such as gaskets, o-
rings, and valve packing.

Cylinders which contain nitrogen or compressed air are pressurized to
extremely high levels (2,500 to 3,000 psig). Handle all high-pressure
gas cylinders with extreme care! Secure all gas cylinders prior to use by
chaining or tying to a column or other rigid support.

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
leak detection method or product.
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Benefits:

Disadvantages.

Approval
Authority:

Points of Contact:

Vendors:

The principle benefit is the ability to use an alternative to CFC-12.
There are also secondary benefits, such as the rapid determination and
repair of leaks before equipment is put into service can greatly reduce
the amount of refrigerant or product lost. This should result in not only
reduced environmental effects, but also cost savings from reduced
losses and fewer service outages.

The only disadvantage would be the extra time it takes to adapt the
current processes over to a new testing procedure. However, thisis to
be expected in any process improvement change.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

US EPA’s Stratospheric Ozone Hotline
(800) 296-1996

Mr. Al Day

Air Force Technical Authority for USTs
HQ AFCESA/DM

DSN 523-6357, (904) 283-6357

The following list is not meant to be complete, as there are other
manufacturers of this product.

American Gas and Chemical Corp.
Northside, New Jersey
(201) 767-7300

CEA Instruments, Inc.
Emerson, New Jersey
(201) 967-5660

Source(s):  PA Technical Inquiry: 2210, Practical Air-Conditioning Equipment Repair, Anthony J. Caristi,
McGraw-Hill Book Company, 1991; Fluorocarbon Refrigerants Handbook, Ralph C. Downing,
Prentice Hall Publishers, 1988; and PA files 2094, 2113, 2772, and 2864.
“Doing Inventory Control Right for Underground Storage Tanks,” EPA Publication, Nov 93.
“Straight Talk on Tanks,” EPA Publication, Aug 90.
“Standard Test Procedures for Evaluating Leak Detection Methods: Non-volumetric Tank
Tightness Testing Methods,” EPA Publication, Mar 90.
“Standard Test Procedures for Evaluating Leak Detection Methods: Volumetric Tank Tightness
Testing Methods,” EPA Publication Mar 90.
“Leak Detection Methods,” 7th edition, EPA Publication Feb 94.
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AEROSOL COOLING SPRAY SUBSTITUTESFOR CFC-12 AND HCFC-22

Revision:
Process Code:
Substitute for:

1/96
Navy: ID-22-99; Air Force: AD04; Army: ELM
CFC-12 and HCFC-22

Applicable EPCRA Targeted Constituents: C FC-12

Overview:

Halocarbon (halogenated carbon based molecules, primarily carbons
with bromine, chlorine, or fluorine atoms as part of their molecular
structure) aerosol cooling sprays have long been wused for
troubleshooting circuit boards; however, EPA regulations no longer
allow the sale of either product for this purpose. Several alternatives are
available that do not use halocarbons.

Circuit boards with suspected thermally intermittent components are
typically tested with CFC-12 or HCFC-22 during troubleshooting. EPA
regulations have banned these materials from this application. The
aternatives that are readily available and also environmentally
innocuous are the following:

1) Vortex cooling involves use of a vortex tube powered by
compressed air. This typically small, hand-held device uses shop air (8
to 15SCFM @ 80-125 psig) passed through a vortex chamber to
produce a cooling effect. Outlet temperatures of approximately -30
degrees F are produced. However, the supply air must be both clean
and dry for proper operation of the vortex tube.

2) Liquid nitrogen from a dispenser flask can be used to spray at the
component; however, care must be taken when using the nitrogen gun,
as component temperatures can reach -270 degrees F. Cost is around
$500.

3) HFC-134acan also be used as afreeze spray in place of CFC-12 and
HCFC-22, if compressed air and nitrogen are unavailable. However,
HFC-134a sprays have shown to produce higher levels of electrostatic
discharge than either CFC-12 or HCFC-22. One way to apparently
overcome this problem is by adding small quantities of alcohol to the
spray. Others are investigating small reusable grounding devices. In
either case, check with the manufacturer before using.

4) The “Sno Gun” is another electrical component cleaner. “Sno
Guns’ are used to clean and freeze electronic equipment with carbon
dioxide, which is not an ODS, but does contribute to global warming
since carbon dioxide is a greenhouse gas. Although not yet specifically
approved for use by the Air Force, product testing and evaluation is
ongoing.
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Safety and Health: Consult your local Industrial Health specialist, your local health and

Benefits:

Disadvantages.

Approval
Authority:

Economic
Analysis:

Points of Contact:

Vendors:

safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduce the amount of ozone depleting substances going into the
environment

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

N/A
Navy CFC & Halon Clearinghouse, (703) 769-1883

The following list is not meant to be complete, as there are other
manufacturers of this product.

Manufacturer’s of vortex tubes:

ITW Vortec

10125 Carver Rd.

Cincinnati, Ohio 45242

(513) 891-7475 or FAX (513) 891-4092

Mr. Jeff Sloan

Manufacturer of the “Sno Gun”
Va-Trans Systems Inc.

(619) 423-4555
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HALON 1211 REPLACEMENTS

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
Halon 1211

Applicable EPCRA Targeted Constituents. Halon 1211

Overview:

Halon 1211 is a widely used fire suppression and explosion protection
agent applied as a streaming agent and, for example, has been the fire
extinguishing agent of choice for portable fire extinguishers in C-130
aircraft. However, it also has one of the higher ozone depletion
potentials (or ozone layer depleting effects) of any compound, and thus
its production and use are being curtailed and eventually eliminated.
Nevertheless, Halon 1211 is still approved for use, but only in mission-
critical applications. In addition, each application requires a waiver for
procurement of replacement Halon 1211, and its procurement must
come from the DLA Halon reserve, since its production has already
been phased out. Furthermore, any existing non-mission-critical
applications must be decommissioned and allocated to the Halon
reserve’s stockpile.

There are several Halon 1211 substitutes approved by the EPA’s
Significant New Alternatives Policy (SNAP) program; though none is
an ideal replacement, they are acceptable subject to specific use
conditions as cited in 40 CFR 82 Appendix A to Subpart G, “ Substitutes
Subject to Use Restrictions and Unacceptable Substitutes.” The
following substitutes are listed:

HBFC-22B1 (an interim substitute at best, since its high ozone
depletion potential qualifies it for phased out production by January 1,
1996), Surfactant Blend A, HCFC Blend B, carbon dioxide, dry
chemical, Aqueous Film Forming Foam (AFFF), or perfluorohexane,
(CeF14), athough perfluorohexane is not regarded as an acceptable
alternative for use by any of the branches of the DOD.

Note: Since the SNAP approved alternatives for Halon 1211 have
narrow use limits, extreme care must be taken when converting,
retrofitting, or redesigning Halon 1211 systems.

Halon 1211 is a brominated, chlorinated fluorocarbon used primarily for
fire suppression and explosion prevention. Because it is a severe ozone
depleting substance, there is a serious effort to eliminate its use by
developing and finding qualified substitutes. The EPA has developed a
list of acceptable alternatives as an initiative of the SNAP program.
Presently, there are several approved alternatives to Halon 1211.
Nevertheless, it is critical that any alternative’s applicability be verified,
giventhelong list of qualifications and use conditions to which each
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Materials
Compatibility:

Safety and Health:

Benefits:

alternative is subject. The variation in use conditions is mainly a result
of physical property differences. A substitute compound may not be as
effective in extinguishing a fire, and so a higher concentration of the
extinguishing agent is required. High gas concentrations also increase
the sensitivity of personnel to cardiotoxicity and reduce available
oxygen content; as a result, many of the use conditions require
personnel evacuation in 30 seconds or less, a critical and sometimes
impossible requirement to meet.

Each and every aternative for any application should be carefully
reviewed for applicability to the use conditions. For example, an
agueous foam can not be used for explosion protection. For the
halocarbon alternatives, oxygen displacement and cardiotoxicity are the
primary concerns.

The main factors to weigh when considering conversion to a Halon

1211 alternative are the following:

1) Are there non-halocarbon alternatives that would work for the
application, such as dry chemical, carbon dioxide, or foam systems?
If not, what are the halocarbon alternatives?

2) Isthe candidate substitute EPA SNAP approved?

3) Has the candidate substitute been tested by a nationally recognized
testing organization such as Underwriters Laboratories (UL) or
Factory Mutual (FM)?

4) Does the candidate substitute conform with the National Fire
Protection Association Standard for Clean Agent Extinguishing
Systems (NFPA Standard 2001)?

5) Does the candidate substitute have zero ozone depletion potential
and low global warming potential? If not, it may also be targeted for
replacement sometime in the future; for example, any HCFC
substitute will eventually be phased out over the next 20 years per
the Montreal protocol on ozone depleting substances.

6) Is the existing equipment compatible with the candidate substitute?
If not what are the performance compromises, costs, and retrofit
requirements?

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Switching from Halon 1211 to an approved alternative will reduce the
amount of ozone depletion chemical going into the environment. The
switch may also provide a non-global warming agent or one with a
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Disadvantages.

Approval
Authority:

Economic
Analysis:

Points of Contact:

Vendors:

lower global warming potential. Careful consideration of the choicesis
necessary in order to select the optimal alternative.

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Use of pollution prevention funds for replacement of Halon fire
extinguishing systems with non-Halon based systems is not authorized
if the reason for conversion is that the existing system has reached the
end of its life expectancy.

Captain Robert Tetla

Halon Replacement Program

Occupied Areas, Wright Laboratories (WR/FIV CF)
DSN 523-3746, (904) 283-3746

Mr. Milford Puckett
Air Force Civil Engineering Support Agency (AFCESA)
Fire Protection, DSN 523-6152, (904) 283-6152

Mr. Tom Lorman
HQ AFMC/LGSH
DSN 787-3078, (513) 257-3078

The following list is not meant to be complete, as there are other
manufacturers of this product.

Fike, Kidde-Fenwal and Ansul and 3M product CEA 614 (also
known as perfluorohexane) which is not now a DOD approved
substitute for Halon 1211
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HALON 1301 REPLACEMENTS

Revision:

Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
Halon 1301

Applicable EPCRA Targeted Constituents. Halon 1301

Overview:

Halon 1301 is a widely used fire suppression and explosion protection
agent applied in the total flooding manner. It also has one of the highest
ozone depletion potentials (or ozone depleting effects) of any
compound, and thus its production and use are being curtailed and
eventually eliminated. There are several substitutes approved by the

EPA’s Significant New Alternatives Policy (SNAP) program, athough

none of them are truly ideal replacements and are all acceptable subject

only to specific use conditions as cited in 40 CFR 82 Appendix A to

Subpart G, “Substitutes Subject to Use Restrictions and Unacceptable

Substitutes.” The following substitutes are listed:

- HBFC-22B1 (an interim substitute at best, since its high
ozone depletion potential qualifies it for phased out
production by January 1, 1996),

HCFC-22,

HCFC-124,

HCFC Blend A,
HFC-23,

HFC-125,

HFC-134a,
HFC-227ea, and
Perfluorobutane (C4F0).

Note: since all SNAP approved HCFCs and HFCs alternatives for Halon

1301 have very narrow use limits, extreme care must be taken when

converting, retrofitting, or redesigning Halon 1301 systems, especially

those for normally occupied areas. In new buildings, non-halocarbon
alternatives should be considered: water mists, foams, or carbon dioxide

(for unoccupied space applications only). Other products are in the

testing stage; for example, CsF-H (FM-200), HFC-23, and the iodine

analog of bromine containing Halon 1301, CF;l (Halon 13001). Halon

1301 is, nevertheless, still approved for mission critical uses, but its

procurement must come from the DLA Halon bank, since its production

has already been phased out.

Halon 1301 is a brominated fluorocarbon used primarily for fire
suppression and explosion prevention. Because it is a severe ozone
depleting substance, there is a serious effort to eliminate its use by
developing and finding qualified substitutes. The EPA has

developed a list of acceptable alternatives as an initiative of the
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SNAP program. Although there are a number of approved alternatives
to Halon 1301, it is critical that any alternative’'s applicability be
verified, given the long list of qualifications and use conditions to which
each alternative is subject. This wide variation in use conditions is
mainly a result of physical property differences. Some of these
compounds are not as effective in extinguishing a fire, and so a higher
concentration of the gas is required. High gas concentrations also
increase the sensitivity of personnel to cardiotoxicity and reduce
available oxygen content; as a result, many of the use conditions require
personnel evacuation in 30 seconds or less, a critical and sometimes
impossible requirement to meet. Each and every alternative for any
application should be carefully reviewed for applicability to the Use
Conditions. For example, HFC-227ea can not be used in normally
occupied areas at concentrations greater than 10.5%. In areas not
normally occupied by people, HFC-227ea concentrations greater than
10.5% are allowed, provided that any personnel can escape the area
within 30 seconds after discharge of the gas; furthermore, the area shall
be secured so that unprotected personnel are prevented from entering
the area during discharge. Again, oxygen displacement and
cardiotoxicity are the primary concerns. The main factors to weigh
when considering conversion to a Halon 1301 alternative are the
following:

1) Are there non-halocarbon alternatives that would work for the
application, such as water mist or foam systems? If not, what are the
halocarbon alternatives?

2) Isthe candidate substitute EPA SNAP approved?

3) Has the candidate substitute been tested by a nationally recognized
testing organization such as Underwriters Laboratories (UL) or
Factory Mutual (FM)?

4) Does the candidate substitute conform with the National Fire
Protection Association Standard for Clean Agent Extinguishing
Systems (NFPA Standard 2001)?

5) Does the candidate substitute extinguishing agent have zero ozone
depletion potential and low global warming potential? If not it may
also be targeted for replacement sometime in the future; for
example, any HCFC substitute will eventually be phased out over
the next 20 years per the Montreal protocol on ozone depleting
substances.

6) Is the existing equipment compatible with the candidate substitute?
If not, what are the performance compromises, costs, and retrofit
requirements?

N/A



TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET

Safety and Health:

Benefits:

Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

Vendors:

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Switching from Halon 1301 to an HCFC reduces the ozone depletion
potential of the extinguishing agent, but does not eliminate it.
Switching to an HFC (all chlorine sites on the carbon molecule are
fluorine substituted) or a perfluorocarbon (all available sites on the
carbon molecule are fluorine substituted) provides a non-ozone
depleting substitute, but also provides a gas with a not insignificant
global warming potential, particularly the perfluorocarbons. Careful
consideration of the choices is necessary in order to select the optimal
alternative.

N/A

Use of pollution prevention funds for replacement of Halon fire
extinguishing systems with non-Halon based systems is not authorized
if the reason for conversion is that the existing system  has reached
the end of its life expectancy.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Captain Robert Tetla

Halon Replacement Program

Occupied Areas, Wright Laboratories (WR/FIV CF)
DSN 523-3746, (904) 283-3746

Mr. Fred Walker

Fire Protection Engineer

HQ AFCESA/DFE

DSN 523-6315, (904) 283-6315

The following list is not meant to be complete, as there are other
manufacturers of this product.

Fike Kidde-Fenwal, and Ansul
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HALON REDISTRIBUTION/RECOVERY/RECYCLING/RECLAIMING

Revision:

Process Code:
Substitute for:
Applicable EPCRA

1/96

Navy: N/A; Air Force: N/A; Army: N/A

N/A

Targeted Constituents:. Halon 1211 (Bromochlorodifluoromethane),
Halon 1301 (Bromotrifluoromethane)

Overview:

Halon 1211 and 1301 are widely-used fire-suppression and explosion-
protection agents. However, both Halon 1211 and Halon 1301 have
extremely high ozone-depletion potentials; therefore, production has
been halted and use is being curtailed until existing supplies are
exhausted.

Halon 1301 and Halon 1211 are still approved for use, but only in
mission-critical applications such as flight-line fire fighting and ship-
and shore-based crash and rescue operations. In addition, each mission-
critical application requires a waiver for procurement of replacement
Halon, and its procurement must come from the Defense Logistics
Agency (DLA) Halon reserve, since purchase of new product is now
impossible. Furthermore, any existing non-mission-critical applications
must be decommissioned and allocated to the DLA Halon reserve's
stockpile. Conservation of Halons is necessary to preserve existing
supplies until replacement products and systems can be implemented.
Actual use should be restricted to rea incidents requiring fire
suppression. Routine testing of systems for proper operation with the
Halon product is discouraged.

However, the price of reclaimed Halon should start to drop as
“approved” aternatives become available and large companies satisfy
their Halon needs. Surplus Halon is likely to be resold, since Halon
cannot be destroyed economically. Thus, redistribution, recovery,
recycling, and reclamation are all methods of meeting future Halon
demand. Recycling is the process of removing contaminants (oils,
nitrogen, particulates, moisture) by refrigeration and filtration so that the
Halon can again be used in a fire suppression system. Reclaiming
involves reprocessing the Halon to new product specifications through
filtration, distillation, refrigeration, and vaporization.

Halon Redistribution: Both E/M Corporation, a subsidiary of Great
Lakes Chemical Corporation, and Automatic Suppression Systems of
South Holland, Illinois, provide a recycling service to restore
contaminated Halon back to Mil-Spec quality, as well as a market for
Halon 1301 and Halon 1211 resale to distributors. The steps required to
recover Halon include the following:
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Materials

Compatibility:

1) Verify that cylinders contain Halon 1301, Halon 1211, or other
Halons.

2) Transfer Halon to blow-down tank for storage.

3) Recycle Halon through a recycling system to remove contaminants
or reclaim the Halon so that it meets all necessary specifications.

4) Verify that the reclaimed Halon meets the necessary specifications.

5) Return Halon to storage cylinders.

In order to recycle Halon, certain components are required. The
pumping system must be able to quickly and efficiently (99 percent
efficiency to prevent the escape of Halon into the atmosphere) move the
Halon liquid and vapor from the storage tank to processing equipment.
Operating pressures range from 360 to 600 psig for pressurized
cylinders down to a vacuum of 10 to 20 inches of mercury for cylinders
which will be opened to the atmosphere. The recycling system should
include modules for 1) removing contaminants by filtration and 2)
removing nitrogen by condensing the Halon and venting the nitrogen.
Filters should be replaceable without the release of Halon. In general,
the two modules can run automatically and are not labor intensive.

Typically, limited Halon supplies are restricted to the following critical
use applications. These criteria are only suggested guidelines and do not
represent EPA legislation:
Where a potential for fatalities or serious injuries exists.
Where hazardous material processes could result in an
environmental release with potential for fatalities, serious injuries,
serious environmental incident, adverse public opinion, or
fire/lexplosion.
Where damage will exceed $50 million.
When severe economic impact will result due to interruption of
sales.

For more detailed information on Halon 1211 and 1301 alternatives, see
the Pollution Prevention Opportunity Data Sheets, “Halon 1211: Uses,
Restrictions and Replacements,” and, “Halon 1301: Uses, Restrictions
and Replacements.”

Halons are very inert and not deleterious to most elastomers, metals, or
electronic systems. Halons do decompose to a small degree during afire
extinguishing event, releasing some hydrofluoric acid gases. However,
the concentrations are so small (several hundred to several thousand
ppm) and the gases so readily dispersed that material compatibility is
not normally a concern, even if materials left in the enclosed space are
sensitive to the acid gases/decomposition products of Halons. Damage
is more often caused by the smoke, ash, and soot of the fire.
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Safety and Health:

Benefits:

Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

Both dry chemical and perfluorocarbons have low order toxicities.
However, care should be taken when handling any of these chemicals.
Proper personal protective equipment is always recommended.

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Production of both Halon 1301 and Halon 1211 has been stopped, and
any existing material will most likely be used for its originally intended
purpose. Currently, there is no good method of converting Halon 1301
or Halon 1211 into other compounds or destroying them. Careful use
of the material for mission-critical applications will conserve current
supplies and prolong the time over which the material enters the
environment, thus lessening the immediate impact on the ozone layer.

Because there is no universal drop-in replacement, and many of the
approved substitutes also have undesirable characteristics like high
global warming potentials, careful consideration is necessary in order to
select the optimum alternative and achieve the maximum benefit.

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Captain Robert Tetla

Halon Replacement Program
Occupied Areas

Wright Laboratories (WR/FIV CF)
DSN 523-3746, (904) 283-3746

Mr. Fred Walker

Fire Protection Engineer

HQ AFCESA/DFE

DSN 523-6315, (904) 283-6315

US EPA Stratospheric Ozone Information Hotline, (800) 296-1996
US EPA Halon Program Manager (202) 233-9193
Halon Recycling Corporation, (800) 258-1283, (202) 223-6166
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Navy CFC and Halon Clearinghouse, (703) 769-1883

DLA Halon Bank, (804) 279-4525

National Fire Protection Association (NFPA), (800) 344-3555
National Association of Fire Equipment Distributors, (312) 644-6610
Fire Suppression Systems Association, (410) 931-8100

Fire Equipment Manufacturers Association, (216) 241-7333
Underwriters Laboratories, (708) 272-8800

Vendors: The following list is not meant to be complete, as there are other
manufacturers of this product.

DuPont Fluorochemicals

(302) 992-2177, FAX (302) 992-2836

Barley Mill Plaza 13-2150

P.O. Box 80013

Wilmington, DE 19880-0013

Former manufacturer of Halon 1301

Mr. Daniel Moore

Market Development Manager for Halon Replacements

The following vendors can provide complete fire suppression systems:

Ansul Fire Protection

1240 Iroquois Drive, Suite 102
Napierville, IL 60563-8537

(708) 305-5700, Fax (708) 305-3360
Also supplies 1G-541

Mr. David Pelton

Automatic Suppression Systems, Inc.
130 Armory Drive

South Holland, IL 60473-2817

(800) 310-7644 or (708) 333-4130
Recovery and reclamation of Halon
Mr. George A. Krabbe
President/CEO

Source(s):

Solomon, J., “Halon Redistribution,” 1994 International CFC and Halon Alternatives Conference, p. 426-427,
October 1994.

Krabbe, G., “Halon Recovery and Reclaim Technology from the Viewpoint of the Installers/Distributors,” 1994
International CFC and Halon Alter natives Conference, p. 428-435, October 1994.

Huston, P., “The Modular Concept of Halon 1301 Recovery/Recycling/Reclaiming,” 1994 International CFC
and Halon Alternatives Conference, p. 436-441, October 1994.
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ODS-FREE PORTABLE HAND-HELD FIRE EXTINGUISHERS

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
Halon fire extinguishers

Applicable EPCRA Targeted Constituents. Halon 1211 and Halon 1301

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Economic
Analysis:

Portable hand-held Halon fire extinguishers have been one of the
standard types of fire extinguishers in common use. An ODS-free
substitute must be found to replace the Halon units. There is an Air
Force ban on the purchase of Halons (since 1 Jan 93), but not the use of
existing Halon systems. Purchase of additional Halons would require
that a waiver be granted by the appropriate authority based on the need
and the availability of ODS-free alternatives. Use of Halons must
conform to DOD policy, which essentially limits their use to mission-
critical applications. Existing non-mission-critical Halon applications
must find a substitute and convert from the Halon-based system. For
example, Halon 1301 is used in aircraft simulators, but those non-
mission-critical systems must eventually be modified to use an alternate
fire extinguishing agent in accordance with current USAF policy.
Furthermore, many automatically-activated Halon extinguishing
systems have been deactivated and can now only be triggered manually.
In the event of a discharge, the systems are not to be recharged with
Halon. The onboard systems will be replaced when an acceptable
substitute is available. ODS-free hand-held fire extinguishers are
available; for example, carbon dioxide units or those with surfactant
blends such as Cold Fire™. Reporting requirements for the Halon
whichisused in fire extinguishing systems must be in accordance with
AFI 32-7080. The DoD-wide policy is currently being developed; it
will be similar to AFI 32-7080 and it will be published in Apr 95.

N/A
Consult your local Industrial Health specialist, your local health
and safety personnel, and the appropriate MSDS prior to

implementing any of these technologies.

Reduces the amount of ozone depleting substances going into
the environment.

N/A

N/A
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Approval
Authority:

Points of Contact:

Vendors:

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Mr. Milt Puckett

Fire Protection Directorate

Headquarters Air Force Civil Engineering Support Agency (HQ
AFCESA/DF) DSN 523-6152, (904) 283-6152 regarding shipment and
disposition of portable fire extinguishers.

Captain Robert Tetla
Wright Laboratories (WL/FIV CF)
DSN 523-3746, (904) 283-3746

Mr. Terry Black
HQ AFMC/ENX
DSN 787-0349, (513) 257-0349

Mr. Duane Morgan
Chief of Fire Protection for Air Mobility Command
(618) 256-2547

The following list is not meant to be complete, as there are other
manufacturers of this product.

FireFreeze, marketer of Cold Fire ™, FAX (201) 627-2982. Available
in an aerosol version intended primarily for use on small, startup fires.
The surfactant is propelled by compressed air. It is approved for Class
A and B fires only. It contains water and is, therefore, not suitable for
use on Class C (electrical fires). It is non-toxic and non-corrosive, as
well as biodegradable.
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REFRIGERANT TRACKING SOFTWARE

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
N/A

Applicable EPCRA Targeted Constituents. CFC-11, CFC-12, CFC-113, CFC-114

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:

Software has been developed to track ozone-depleting substance (ODS)
inventories, servicing dates, quantities, refrigerant types, system
capacities, leak frequencies, and component failures. There are several
programs available.

The Army Corps of Engineers has developed a two-level program to
manage refrigerants; it is called Refrigerant Management System
(RMS). RMS is designed to keep track of the addition and removal of
refrigerants and refrigerant services performed on each piece of Air
Conditioning and Refrigeration (AC&R) equipment. The Personal
Computer (PC) based software consists of two modules, level 1 and
level 2. Level 1 is for AC&R technicians/operators to keep records of
refrigerant services performed on AC&R equipment. Level 2 is a
database of refrigerant transactions (additions or subtractions); it is an
inventory of AC&R equipment and a database of refrigerant services
performed on AC&R equipment. RMS prepares transaction reports
summarizing refrigerant services performed; output is in ASCII text
format. RMS is available on floppy disks from the US Army
Construction Engineering Research Laboratory (USACERL) in
Champaign, lllinois. At present, there is no charge for the software.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

The software should improve equipment leak integrity and reduce
refrigerant use by providing a more complete maintenance history,
identifying problem areas, and reducing variations between scheduled
maintenance. This should reduce the number and frequency of major
equipment failures and the large losses of refrigerant associated with
failures on a large scale. It should also allow forecasting of
requirements so that more accurate quantities of Class | ODSs can be
procured from the Defense Logistics Agency. In addition, reclamation
and recycling can be better coordinated with routine maintenance needs
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Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

Vendors:

so that DOD policy to reduce ODS consumption becomes a built-in
function.

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Kim Grinn

U.S. Army Construction Engineering Research Laboratory (USACERL)
P.O.Box 9005

Champaign, IL 61826-9005

(217) 373-6790

(Request Corps of Engineers program disks)

Air Conditioning Contractors of America
1712 New Hampshire Avenue, NW
Washington, DC 20009

(202) 483-9370

FAX (202) 234-4721

The following list is not meant to be complete, as there are other
manufacturers of this product.

OZ; Software, Division of Environmental Support Solutions,
210 N. Center, Suite 101, Mesa, AZ 85201,

(602) 964-5043, Fax (602) 834-4319,

Tim McConnaughey, Account Manager

Internet address. 0z3@indirect.com

Source: PA Technical Inquiry 2151.
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RESTRICTIONSON THE USE OF HYDROFLUOROCARBONS

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
CFCsand HCFCs

Applicable EPCRA Targeted Constituents. CFCs

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:
Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

Vendors:

HFCs are being developed to replace CFCs and HCFCs for use
primarily in refrigeration and air conditioning equipment. There are
currently no restrictions on their use; however, a Clean Air Act
regulation is forthcoming that will prohibit venting of HFCs.

HFCs are the next generation of refrigerants. They will substantially
replace all the CFCs and HCFCs, since they do not have ozone
depletion potential. At the present time, there are no restrictions
regarding their use; however, a “no venting” regulation, per the Clean
Air Act Amendments in 58 FR 92, Section 608(c)(2) page 28664, is
scheduled to take effect 15 Nov 95 that will require users to recover
HFCs and other alternative (to CFCs) refrigerants when servicing
equipment, because although they are not ozone depleting substances,
they are greenhouse gases and have global warming potential.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduction in the amount of ODSs going into the environment.

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

USEPA’s Stratospheric Ozone Information Hotline, (800) 296-1996

N/A
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RECOVERY/RECYCLING OF CFC-12 AND HFC-134a

Revision:
Process Code:
Substitute for:

1/96
Navy: SR-04-02; Air Force:FAO3 ; Army: Not available
Refrigerant venting

Applicable EPCRA Targeted Constituents: CFC-12

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Economic
Analysis:

Numerous refrigerant recovery systems are now on the market to enable
recovery of refrigerants and thus avoid the former common practice of
refrigerant venting during routine servicing. In fact, CFC-12 recovery is
required by law, and HFC-134a recovery will be mandatory as of 15
Nov 95.

A number of different companies manufacture refrigerant recovery
systems for CFC-12 and HFC-134a (also known as R-12 and R-134a).
Models vary in cost, capability, ease of use, and efficiency. In every
case, each model is certified for the recovery of a specific refrigerant.
Mixing of refrigerants affects their chemical properties, affecting not
only their potential reuse but also the capacity and ability of the
equipment recovering them. Therefore, every recovery system should
be dedicated to reclamation of the refrigerant it was designed to recover.

R-134a can be ordered by the following NSNs:
6830-01-370-6207 45 Ib container
6830-01-370-6208 45 Ib container
6830-01-370-6209 132 |b container
6830-01-370-8756 132 |b container
6830-01-380-4960 30 Ib disposable container

N/A
Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any

of these technologies.

Reduce the amount of ODSs like R-12 and global warming gases like
R-134agoing into the environment.

N/A

N/A
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Approval
Authority:

Points of Contact:

Vendors:

Navy: Approval is controlled locally and should be
implemented only after engineering approval has been granted.
Major claimant approval is not required.

For further information see the USAF Management and Equipment
Evaluation Program (MEEP) for Transportation and Civil Engineering
(AFR 77-5), “Consolidated Status Report,” prepared by 615
SMSQ/LGTV, 16 Dec 92 - 15 Jun 93.

Mr. Cliff Meyers, Chemist, DSN 695-3995.

The following list is not meant to be complete, as there are other
manufacturers of this product.

Van Steenburgh Engineering Laboratories Inc.
(303) 696-0113

Jameskamm Technologies
(800) 676-3013

Refrigerant Recovery Systems, Inc.
(800) 327-9142

Refrigerant Technologies, Inc.
(800) 468-2321
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ODS-FREE CORROSION INHIBITORSMOISTURE DISPLACERS

Revision:
Process Code:
Substitute for:

1/96

Navy: ID-23-99; Air Force: FAOL; Army: ELM

MIL-C-85054 per Technical Order 1E-3A-23 for use on E-3A Aircraft
and MIL-C-81309 per Technical Order 21M-AIM9L-2, NSN 8030-00-
938-1947

Applicable EPCRA Targeted Constituents: CFC-113

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:
Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

ODSs have seen wide use as corrosion inhibitors and moisture
displacers. Corrosion inhibitors and moisture displacers typically use
ODS formulations.

Moisture displacement is one of the key factors in preventing and
inhibiting corrosion. ODSs have long served in corrosion inhibitor
product formulations functioning not only to displace moisture, but also
serving as the propellant for aerosol products. However, ODS-free
replacements are becoming available. One such product now available
iISAV-30 (NSN 6850-01-355-3387) made by Dinol International.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduces the amount of ODSs going into the environment.

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Ms. Jaun Gwynn

E-3A Systems Engineer

Oklahoma City Air Logistics Center (OC-ALC/LAKRA)
DSN 336-3343, (405) 736-3343



TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET

Vendors:

The following list is not meant to be complete, as there are other
manufacturers of this product.

Dinol International is the manufacturer of AV-30 (NSN 6850-01-355-
3387).

Mr. Dave Wicks

L.S. Starrett Co.

24500 Detroit Rd., Cleveland, Ohio 44145

(216) 835-0001

L.S. Starrett Co. is the manufacturer of M-1, a corrosion
inhibitor/moisture displacer available in ODS-free aerosol form.

Alox Corporation

(716) 282-1295

Mr. Anthony Murty

Non-aerosol ODS-free formulations of corrosion inhibitors are available
in 5 or 55 gallon containers
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ODS-FREE COOLING/FREEZING PRODUCT

Revision:
Process Code:
Substitute for:

1/96
Navy: ID-22-99; Air Force: ADO4; Army: ELM, LOP
ODS containing cooling products and freezing products

Applicable EPCRA Targeted Constituents. ODSs

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:
Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

ODSs have seen use in many different applications, including that of
cooling agents. However, this direct application of CFCs does not lend
itself to CFC recovery, and given the imminent production ban,
alternatives need to be substituted.

In compressed gas form, CFCs are effective cooling agents, for
example, for heat sensitive electronics or for testing anti-icing
instruments like the probe on F-16 aircraft engine intakes. When the
pressurized CFC is directed at the component or point of desired
cooling and let down to atmospheric pressure, a cooling effect takes
place due to the isoenthalpic expansion of the compressed gas.
Recovery of the spent gas is difficult; therefore, alternatives must
increasingly be substituted.

Various ODS-free products have been developed by severd
manufacturers for cooling applications, such as heat sensitive avionics,
electrical, and computer components.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduce the amount of ODSs going into the environment

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

N/A
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Vendors:

The following list is not meant to be complete, as there are other
manufacturers of this product.

Mr. Marlin Winsel, Sales Representative

GC Thorsen, Inc.

1801 Morgan Street, Rockford, IL 61102

(815) 968-9661

Manufacturer of Series 2 Freeze Mist, part number 19-8410, NSN 6830-
01-335-5741

Mr. Erroll Jackson, Sales Representative

Chemtronics, Inc.

(770) 424-4888

Manufacturer of “E-Series Freez-it 2000” which comes in two sizes of
spray container, 10 oz., part number ES1050, and 15 oz., part number
ES1550

Ms. Judy Quiaby, Technical Services Department.
Miller-Stephenson Chemical Company

(203) 743-4447

Manufacturer of “Quik-Freeze,” part number MS-242N

Mr. Jeff Sloan
Va-Tran Systems, Inc.
(619) 423-4555, Manufacturer of “Sno Gun,” a carbon dioxide freezing

agent
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ODS-FREE LEAK DETECTOR FOR FUEL CELLS

Revision:
Process Code:
Substitute for:

1/96

Navy: 1D-14-99; Air Force: INO7; Army: ELM

Product listed under Technical Order T.O. 1-1-3 NSN 6850-00-909-
3123 (powder form), NSN 6850-01-130-2451 (aerosol form)

Applicable EPCRA Targeted Constituents: CFCs (chlorofluorocarbons)

Overview:

The NSNs listed above are approved for leak detection in fuel cells;
however, both forms of the product contain CFCs and are no longer
manufactured. New products are undergoing performance testing, but
no officialy approved replacements have yet been selected.
Nevertheless, interim approval for the products in testing may be
requested from your command. Otherwise, fuel cell leak checks will
have to be done visually until the new products are officially approved.

Non-destructive testing products are often dyes formulated with
solvents, typically CFCs. The specific leak detecting products
referenced above contain CFCs. As Class | ODSs, these solvents are
subject to an imminent production ban (1 Jan 96). As a result, the
manufacturer of these leak detecting products has already eliminated
CFC use in their process. They did this by stopping production of the
leak test products altogether. In addition, the manufacturer is
unfortunately not developing any replacements. The Office of Primary
Responsibility (OPR) is performance testing alternatives, but
formulation changes may be needed before any products are officially
approved. Any approved products will be added to the Qualified
Products List.

Several products have had favorable test results, however, none are
officially approved as of 31 Dec 94. Field units should request interim
approval from their respective commands until a substitute is officially
approved. If interim approval for one of the test products is not
obtained, visual inspection will have to be relied upon to monitor fuel
cell integrity.

The most promising replacements being tested are made by Keystone
Aniline Corp.:

Part Number
Keystone Oil Red OE Powder 60602650
Keystone Liquid Oil Red HF 60642950

Keystone Oil Red OE Powder isin fact a powder, and Keystone Liquid
Oil Red HF is an oil formulation. These products should only be used if
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ODS-FREE SUBSTITUTE FOR GENERAL PURPOSE AEROSOL LUBRICANT

Revision:
Process Code:
Substitute for:

1/96
Navy: ML-99-99; Air Force: FAOL; Army: CLD, ELM, PST, VHM
WD-40

Applicable EPCRA Targeted Constituents. ODSs

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:
Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

Vendors:

Several general purpose lubricants/penetrants without ODS in their
formulations are now available for all-purpose use. All purpose
lubricants/penetrants are available in aerosol form to replace ODS
formulations.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduce the amount of ODSs going into the environment.

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

N/A

The following list is not meant to be complete, as there are other
manufacturers of this product.

Break Free, Inc.

1035 South Linwood Avenue
Santa Anna, CA

(714) 953-1900

Manufacturer of Break Free CLP
Mr. Donald Y oder

Military Sales and Service
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ODS-FREE AIRCRAFT COMPONENTS CLEANING - OVERVIEW

Revision:

Process Code:
Substitutefor:
Applicable EPCRA

1/96

Navy: ID-01-00, ID-22-01, 1D-23-99; Air Force: CLO1; Army: CLD
Methyl chloroform (M CF) and Trichlorotrifluoroethane (CFC-113)
Targeted Constituents: Methyl Chloroform (MCF), Also Known as
1,1,1-Trichloroethane and Trichlorotrifluoroethane

Overview:

Chlorofluorocarbon (CFC) solvents, including MCF and CFC-113, are
used extensively for cleaning metal, electronic, and precision parts
during aircraft maintenance procedures. These solvents are also used in
applications such as coatings, adhesives, lubricant carriers, and mold
release agent carriers. However, CFC-113 and MCF are EPA Class |
ozone-depleting substances (ODSs) and have been banned from
production as of January 1, 1996. DoD policy is that CFCs and Halons
can only be used for mission critical applications. Fortunately,
numerous ODS-free alternatives are now available to replace CFC-113
and MCF. In many instances solvent use can even be reduced or
eliminated

Cleaning for aircraft maintenance can, for the most part, be divided into
three categories. metal, electronics, and precision cleaning. Metal
cleaning refers to the removal of oil or grease from metal parts during
maintenance and repair procedures. Landing gear and control surfaces
fall under metal cleaning. Electronics cleaning includes the removal of
flux from soldered operations. Encompassing both metal and electronics
cleaning, the term “precision cleaning” is not as much a function of the
component being cleaned, as it is of the level of cleanliness required.
Components typically requiring precision cleaning are those with close
tolerances, complex geometries, or sensitive to contamination. There are
aircraft components that fall into all three categories.

The following suggestions are directed primarily at typical aircraft
mai ntenance functions.

Cleaning Applications

The first step in eliminating the use of CFCs in aircraft maintenance is
to characterize all cleaning steps. What parts need to be cleaned? What
is the substrate and contaminant being cleaned? How clean does the
part need to be? By identifying the cleaning needs, a proper alternative
can be chosen. Certain materials are subject to corrosion, swelling,
deformation, and damage to coatings and adhesives if the proper
cleaning alternative is not chosen. Complexity of the part dictates
whether vapor degreasing or aqueous cleaning should be used. Vapor
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degreasing works best for cleaning complex parts. Some cleaning steps
may be identified that can be reduced, consolidated, or eliminated.

Most aircraft cleaning falls into two general cleaning processes. cold
cleaning and vapor degreasing. In cold cleaning processes, parts are
cleaned by either immersion and soaking, spraying, or wiping with
ambient temperature solvents. The vapor degreasing process uses a
boiling solvent to effect cleaning. A volatile solvent such as CFC-113
or MCF is heated in areservoir below a suspended part. Solvent vapors
rise to the top of the cleaning vessel and are condensed into droplets.
The solvent droplets fall onto the part, dissolving contaminants. As the
droplets collect and fall, contaminants are carried off the part and into
the solvent reservoir. Since the contaminants are generally low or non-
volatile, solvent vapors remain essentially pure; effective cleaning is
maintained despite the increasing contamination of the solvent reservoir.

The following table lists cleaning operations and alternatives associated
with aircraft maintenance. Detailled information concerning the
elimination of CFC-113 and MCF, as well as explanations about many
alternative cleaning agents and techniques available, such as aqueous,
semi-agueous, aliphatic hydrocarbon, and chlorinated and organic solids
systems, can be found in the Pollution Prevention Opportunity Data
Sheets listed above.

Cleaning Application

Current Cleaning
method w/ CFC-113 or
MCF

Alternative Cleaning M ethod

Aircraft Exterior
Surface

Landing Gear

Engine or Engine
Modules

Aerosol Spray or Hand
Wipe

Aqueous Cleaning - Alkaline Solution (Light Soil
Removal)

Semi-Aqueous Cleaning - Aliphatic Naphtha/Alkaline
(Moderately Heavy Soil Removal)

Semi-Aqueous Cleaning - Aliphatic Naphtha/Alkaline
(Heavy Soil Removal)

Semi-Aqueous Cleaning - Terpene

Aliphatic Hydrocarbon Cleaning - Mineral Spirits

In-Shop Overhaul: Vapor
Degreasing or Aerosol
Spray

On-the-Aircraft
Maintenance: Aerosol
Spray

Vapor Degreasing

Immersion

Vapor Degreasing
Vapor Degr. or Hand
Wipe

Immersion

Aqueous Cleaning - Alkaline Solution
Semi-Aqueous Cleaning - Mineral Spirits

Aqueous Cleaning - Alkaline Solution
Aliphatic Hydrocarbon Cleaning - Mineral Spirit

Aqueous Cleaning - Heated Tank

Aliphatic Hydrocarbon Cleaning - Mineral Spirit
Aqueous Cleaning - Alkaline Solution, Heated Tank
Aqueous Cleaning - Alkaline Solution, Heated Tank
Aqueous Cleaning - One Step Heavy-Duty Alkaline
Solution

Aqueous Cleaning - Four Step Heavy-Duty Alkaline
Solution
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Cleaning Application

Current Cleaning
method w/ CFC-113 or
MCF

Alternative Cleaning M ethod

Engine or Engine
Modules: Assembled
and Partially
Assembled Parts
Flight Control
Surfaces

Electrical Equipment
Hydraulic Lines

Aircraft Seat Covers

and Curtains/Draperies

Prior to Coating:
Polyurethane

Prior to Coating:

Chromate Conversion

Prior to Coating:
Other

Prior to Adhesive

Bonding

Prior to Fluorescent
Penetrant Inspection

During Fluorescent
Penetrant Inspection
Prior to Reassembly
Prior to Welding

Prior to Painting

Vapor Degr. or Hand
Wipe

Vapor Degreasing
Aerosol Spray or Hand
Wipe

Aerosol Spray or Hand
Wipe

Aerosol Spray

Hand Wipe or Vapor
Degr.

Dry Cleaning

Hand Wipe

Hand Wipe

Varied

Spray or Hand Wipe
Hand Wipe

Aerosol Spray or Hand
Wipe

Aerosol Spray or Hand
Wipe

Hand Wipe or Immersion

Aerosol Spray or Hand
Wipe

Aqueous Cleaning - Alkaline Solution

Blasting - High Pressure Steam/Water
Chlorinated Solvent Cleaning - Trichloroethylene
Aqueous Cleaning - Alkaline Solution

Aqueous Cleaning - Alkaline Solution

Aliphatic Hydrocarbon Cleaning - Mineral Spirit
Organic Solvent Cleaning - Methyl Ethyl Ketone or
Acetone

Aqueous Cleaning - Alkaline Solution, Ultrasonic
Organic Solvent Cleaning - Isopropy! Alcohol
Aqueous Cleaning - Water Base Soap Solution

Chlorinated Solvent Cleaning - Perchloroethylene

Organic Solvent Cleaning - Methyl Ethyl Ketone or
Blends

Organic Solvent Cleaning - Methyl Ethyl Ketone or
Blends

Semi-Aqueous Cleaning - Aliphatic Naphtha/Alkaline
Organic Solvent Cleaning

Organic Solvent Cleaning - Isopropy! Alcohol

Semi-Aqueous Cleaning - Terpene
Chlorinated Solvent Cleaning - Trichloroethylene

Organic Solvent Cleaning - Methyl Ethyl Ketone

Organic Solvent Cleaning - Isopropyl Alcohol, Methyl
Ethyl Ketone, or Acetone

Hydrocarbon Cleaning

Organic Solvent Cleaning - Methyl Ethyl Ketone or
Acetone

Organic Solvent Cleaning - Methyl Ethyl Ketone and
Toluene

Materials
Compatibility:

Materials compatibility depends on the alternative solvent/procedure
implemented. Considerations can include corrosion, damage to coatings
and adhesives, and swelling and deformation (especially for organic
substitutes: alcohols, ketones, ethers, chlorinated solvents, etc.). Testing
will reveal damage.
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Safety and Health: Organic Solvents can be extremely flammable/combustible. Use only in

Benefits:

Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

areas with good ventilation. Aliphatic hydrocarbons are also flammable
and have low occupational exposure limits. Consult the MSDS of
particular solvents to ensure that solvent is used properly and all
necessary safety requirements (i.e.,, personal protective equipment,
increased ventilation, fire fighting equipment) can be met. In addition,
consult your local Industrial Health specialist, local health and safety
personnel, and the SNAP comments prior to converting to any
replacement product.

Reduce the amount of ozone-depleting substances and EPCRA -targeted
chemicals going into the environment.

Whenever a new cleaning procedure is implemented, there will be a
certain amount of “down time” while the technicians learn the new
process. However, thisisto be expected in any process improvement.

Because cleaning circumstances are so variable, the economic feasibility
of substitute processes and chemicals needs to be evaluated for each
application prior to conversion.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Mr. Dave Gauntt

Code4.3.4.1

NAWC Aircraft Division
Warminster, PA 18974-0591
DSN 441-2189, (215) 441-2189

Ms. Nina Bonnelycke - Solvent Specialist, SNAP Program
Office of Stratospheric Ozone Protection - US EPA
(202) 233-9079

National Defense Center for Environmental Excellence
(800) 282-4392
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Vendors:

Source(s):

See Pollution Prevention Opportunity Data Sheet, “ Alternative Cleaning
Process and Product Vendor List,” for an extensive list of equipment
and product vendors.

ICOLP Manual, Eliminating CFC-113 and Methyl Chloroform in Aircraft Maintenance
Procedures, 1993.

Hume, Bob, “Ozone Depleting Substances,” NAVAIR 4th Annual Pollution Prevention &
Technology Exchange Conference, p. 415-446, May 26, 1994.

Clark, Ken, “Low Solvent Cleaners and Corrosion Preventive Compounds,” NAVAIR 4th Annual
Pollution Prevention & Technology Exchange Conference, p. 589-592, May 26, 1994
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Ecolink, Inc.

Mr. Tom Womack

Southern Regional Manager

Sentry Chemical Company

1481 Rock Mountain Blvd.

Stone Mountain, GA 30083

(800) 886-8240

Manufacturer of Pen-T(22) Super Penetrant
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granted interim approval, and then only in accordance with the
manufacturer’s product instructions.

Materials

Compatibility: N/A

Safety and Health: Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Benefits: Reduce the amount of ODSs going into the environment.

Disadvantages: N/A

Approval

Authority: Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Pointsof Contact: Mr. Gary Foy, WR-ALC/LKJE, DSN 468-6630, (912) 926-6630

Vendors: The following list is not meant to be complete, as there are other
manufacturers of this product.

CFC-free products:
Keystone Aniline Corp.
2501 W. Fulton St.
Chicago, IL, 60612
(800) 522-4393

CFC-containing products:
Courtaulds Aerospace
(800) 237-6649
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R-500 SERIES REFRIGERANTS: OVERVIEW

Revision:
Process Code:
Substitute for:

1/96
Navy: SR-04-02; Air Force: FAOL; Army: Not available
R-500 Series Refrigerants

Applicable EPCRA Targeted Constituents. Dichlorodifluoromethane (CFC-12),

Chlorotrifluoromethane (CFC-13), Dichlorotetrafluoroethane (CFC-114),
and Chloropentafluoroethane (CFC-115)

Overview:

Mixtures of refrigerants are used in special applications where a specific
physical property of the refrigerant mixture is more desirable or is not
available by using one of the pure compounds. Often, these refrigerant
mixtures or blends contain an ozone-depleting substance (ODS). Thisis
the case for most of the R-500 blends because they are formulated using
one chlorofluorocarbon (CFC) and either a hydrochlorofluorocarbon
(HCFC) or a hydrofluorocarbon (HFC). Given the imminent production
ban and the scheduled use phaseout of CFCs, alternatives have to be
substituted.

R-500 series refrigerants are refrigerant blends that have been
developed and used for many applications. The 500 series refrigerants
are all refrigerant mixtures made up of two components, a CFC and an
HFC or an HCFC (except for the new generation of the series R-507,
which is a mixture of two HFCs). The mixtures are as follows:

R-500, azeotropic mixture of 73.8% CFC-12 and 26.2% HFC-152a
(1,2-difluoroethane)

R-501, mixture of CFC-12 and HCFC-22 (chlorodifluoromethane)
R-502, azeotropic mixture of 51.2 % CFC-115 and 48.8% HCFC-22

R-503, azeotropic mixture of 59.9% CFC-13 and 40.1% HFC-23
(trifluoromethane)

R-504, mixture of CFC-115 and HCFC-132
(dichlorodifluoroethane)

R-505, mixture of CFC-12 and HCFC-31 (chlorofluoromethane)
R-506, mixture of CFC-114 and HCFC-31
R-507, azeotropic mixture of 50% HFC-125 (pentafluoroethane) and

50% HFC-143a trifluoroethane), is a new ODS-free replacement for
R-502
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Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Economic
Analysis:

Approval
Authority:

Replacements for the R-500 series refrigerants depend on the
application, but there are numerous EPA Significant New Alternatives
Policy (SNAP) program-approved substitutes, both products and
processes, for most applications now using R-500, R-502, and R-503.
For a list of the approved aternatives to these three blends, see the
Pollution Prevention Opportunity Data Sheet, “US EPA’s Significant
New Alternatives Policy (SNAP) Program.” The EPA SNAP listisfrom
Table 1 of 59 FR 13146, and also Appendix A to Subpart G of 40 CFR
82. Also see the Pollution Prevention Opportunity Data Sheets on, “R-
500: Uses, Restrictions, and Replacements,” “R-502: Uses, Restrictions,
and Replacements,” or, “R-503: Uses, Restrictions, and Replacements,”
for more detailed information about applications and substitutes for the
individual blends.

Acceptable replacements for R-501, 504, 505, and 506 have not yet
been identified by the EPA.

Although refrigerant development has focused on relatively inert and
non-toxic compounds, some products are not compatible with certain
lubricants, plastics, and elastomers, while others exhibit a moderate
degree of toxicity. Always check with the origina equipment
manufacturer to verify material compatibility.

Refrigerants tend to be relatively non-toxic; however, see the individual
Pollution Prevention Opportunity Data Sheets for more specific
information about the acceptable alternatives and their material
compatibility concerns. Also, consult your local Industrial Health
specialist, your local health and safety personnel, and the appropriate
MSDSs before converting to any of the alternative products or
processes.

Reduce the amount of ozone-depleting substances going into the
environment.

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.
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Pointsof Contact: US EPA Stratospheric Ozone Hotline
(800) 296-1996

Mr. Jeffrey Levy

Refrigerant Specialist

Office of Stratospheric Ozone Protection
USEPA

(202) 233-9727

Vendors: The following list is not meant to be complete, as there are other
manufacturers of this product.

Allied-Signal, Inc.

Fluorocarbons

P.O. Box 1053

Morristown, NJ 07962-1053

(800) 631-8138, FAX (201) 455-6395

Manufacturer of R-500 series refrigerant replacements

DuPont Fluorochemicals

Ms. Allison Minton, (800) 582-5606, or Mr. Bob Luksic, (800) 242-
4618

Technical Information Specialists

Manufacturer of R-500 series refrigerant replacements

Source(s):  PA Technical Inquiries: 2065, 2984, and 3136.
Allied-Signal fluorocarbon product information.
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REFRIGERANT RECOVERY/RECYCLING/RECLAIMATION

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
N/A

Applicable EPCRA Targeted Constituents: R-11, R-12, R-113, R-114, and R-115

Overview:

Refrigerants can be conserved in several ways including recovery,
recycling, and reclaiming. Each process requires specialized equipment
certified by the EPA. As CFCs are phased out of production, recovery,
recycling, and reclaiming will become the primary source of CFCs for
use in existing systems.

Recovery and Reuse: Recovery is the process of removing a refrigerant
from the system, storing it in a cylinder, and returning it to the system
after all repairs have been made. While cleaning the refrigerant may be
a good idea, the refrigerant can often be returned to the system without
being tested or processed in any way. If the refrigerant is removed from
the job site, it must meet the criteria of the Air Conditioning and
Refrigeration Institute (ARI) Standard 700-93, a system of monitoring
the maximum contaminant levels and physical properties of the
refrigerant.

Refrigerant should always be placed in a properly-marked cylinder that
has been evacuated to reduce contamination (primarily air and
moisture). The quality of the refrigerant can be tested using any number
of refrigerant test kits on the market. By using recovered refrigerant,
several assumptions are made: 1) The refrigerant is in good condition,
2) The refrigerant meets all EPA standards, 3) Minimal refrigerant has
been lost, and 4) The recovered refrigerant will meet the requirements
of the original equipment manufacturer.

Recycling: Recycling is the process of cleaning the refrigerant by oil
separation and filtration before it is returned to the system. Recycling is
best suited for small amounts of refrigerants like those contained in
most motor vehicle air-conditioning and home air-conditioning systems.
The refrigerant is returned to the system in better condition than a
simple recovery or re-use operation.

Off-Site Reclaiming: Used in case of extreme contamination, off-site
reclamation is the process of refining a refrigerant so that it meets or
exceeds specifications. The refrigerant must meet ARl 700-93
standards. Many reclaiming facilities will provide clients with the
equipment necessary for recovering and transporting the refrigerant.
Advantages are many: the facility takes full responsibility for the
refrigerant quality, no taxes apply to reclaimed refrigerants, and the
refrigerant is available for use in the futurein a“like new” condition.
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Recovery/Reclamation Specifications

The EPA has approved equipment to capture and recycle refrigerants
from air conditioning systems during repair or decommissioning.
Section 609 of the Clean Air Act Amendments, “Approved Refrigerant
Recycling Equipment,” 23Aug94, lists approved systems and
manufacturers of refrigerant recycling equipment. Also, the
Underwriters Laboratories has a directory of certified equipment,
“Certified Commercial Refrigerant Recovery/Recycling Equipment
Directory,” 21Mar93.

Recovery Methods: To expedite the process, recover the refrigerant
liquid first, then recover the vapor. Some equipment is vulnerable to
compressor damage as a result of improper removal of the refrigerant.
Check with the original equipment manufacturer for proper evacuation
procedures. For large systems such as chillers and industrial units, a
liquid refrigeration pump is used for removing the refrigerant. All
recovery and recycling equipment must meet ARI Standard 740.

Most refrigerant recovery equipment has epoxy-lined steel ASME-rated
tanks and electrically-powered vacuum pumps, compressors, and fan-
cooled condensers. Many recovery units are capable of processing a
number of the most commonly used refrigerants without changes in
equipment settings or operational procedures between batches (note:
refrigerants cannot be mixed). The machine should be cleaned between
batches if dirty, but no other special changes are necessary. The units
achieve recovery by high vacuum (~27 in. Hg vacuum), recycling by
filtration, and reclamation by distillation at processing capacities of 4 to
7 Ib/min. Trailers are available for transporting the machines.

Recycling Methods: If the quality of the refrigerant is in question,
recycle the recovered refrigerant so that it meets ARI Standard 700-93
with respect to moisture, acids, boiling-point residues, and other
contaminants. Follow the listed steps to recharge the system after
recycling the refrigerant:

1. Install new liquid line filter-dryers and required suction line filter-
dryers.

2. Leak test the system using a gas such as dry nitrogen by pressurizing
the system with the gas and measuring the pressure and time
required for the test pressure to decrease (without makeup).

3. Recharge the system with the necessary amount of refrigerant.
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Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Economic
Analysis:

Chlorofluorocarbon refrigerants are generally very inert chemicals with
good materials compatibility. However, if introducing a new material to
an existing system or a different refrigerant to an existing system,
aways check with the original equipment manufacturer to verify
compatibility.

Refrigerants should not be mixed. Not only are they very difficult to
separate, but mixing results in radically different properties compared to
the individual gases and may result in equipment damage.

High pressure gases should always be handled with great care. Most
refrigerants are inert and have very low toxicity. Nonetheless, some are
quite toxic, and some of the hydrocarbon refrigerants are flammable.
Be aware of the refrigerants being recovered, their hazards, their safe
handling procedures, and their permissible exposure limits. Monitors
may be considered for use with some refrigerants (e.g., HCFC-123),
especially when working in a confined space, clean room or other space
with limited ventilation. Consult your local Industrial Health specialist,
your local health and safety personnel, and the appropriate M SDSs prior
to implementing any of these recovery, recycling, or reclaiming
processes.

Recovering, recycling, and reclamation of CFC refrigerants can extend
the useful life of existing CFC-containing equipment by avoiding
retrofits and by delaying the purchase of new ODS-free equipment due
to a CFC refrigerant scarcity. A secondary benefit results from
minimizing costs and maximizing efficiencies compared to retrofitting.
Finaly, re-use of existing refrigerant will prolong the time period over
which the existing ozone-depleting and/or global-warming gases are
emitted into the atmosphere, and so should therefore reduce the
environmental impact of these refrigerants.

It is important to have properly trained technicians, to insure that the
process is performed in accordance with the proper guidelines. This
will requireinitial and follow-up training.

The cost of atypical recovery/recycle system is approximately $4,000.
High pressure recovery reclamation systems are approximately $17,000,
and the low pressure recovery/reclamation systems range in price from
about $28,000 to $32,000.

Recovery charge for refrigerant sent to a manufacturer’s facility is on
the order of $0.35/Ib. Reclamation charges range from $1.25 to
$1.75/1b, depending on the type of refrigerant. Combining recovery and
reclamation adds approximately $0.25/Ib of refrigerant in addition to the
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Approval
Authority:

reclamation charge. For small quantities (of less than 1,000 Ib) there is
often a $50/hr charge with a 6-hour minimum. The following
refrigerants can be usually be processed: CFC-11, CFC-12, HCFC-22,
CFC-113, CFC-114, HCFC-123, HFC-134a, HCFC-141, HCFC-141b,
R-500, and R-502.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Pointsof Contact: U.S. EPA Stratospheric Ozone Hotline

Vendors:

Source(s):

(800) 296-1996

Underwriters Laboratory
Research Triangle Park, North Carolina
(919) 549-1855

The following list is not meant to be complete, as there are other
manufacturers of this product.

For Recycling and Reclamation Equipment:
Jameskamm Technologies

Toledo, Ohio

(800) 676-3013

National Refrigeration Products, Inc.
Pennsylvania

(800) 352-6951

Mr. Brian Peckjian

For refrigerant container information:
Worthington Cylinder Corporation
Subsidiary of Worthington Industries
P.O. Box 391

1085 Dearborn Drive

Columbus, OH 43085

(614) 438-3013, FAX (614) 438-3083

Refrigerant Management: The Recovery, Recycling, and Reclaiming of CFCs, Billy C. Langley,
Delmar Publishers Inc., 1994.
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U.S. EPA’SSIGNIFICANT NEW ALTERNATIVESPOLICY (SNAP) PROGRAM

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
Class | and Class Il ozone-depleting substances

Applicable EPCRA Targeted Constituents. Class| and Class |l ozone-depleting substances

Overview:

M aterial
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Economic
Analysis:

Section 612 of the Clean Air Act stipulates that the EPA create a list of
acceptable chemical and process alternatives to Class | and Class Il
ozone-depleting substances. The list, created in March of 1994,
includes substitutes for major industry applications such as aerosols,
adhesives, coatings, inks, foam blowing, fire suppression, refrigeration,
solvents, sterilants, and tobacco expansion. As a result of the SNAP
list, the Clean Air Act makesiit illegal to replace any Class | or Class ||
substance with an alternative that has been identified as hazardous to
human or environmental health when acceptable alternatives are
available. Any person can petition the EPA for inclusion of certain
alternatives on future revised lists of approved substitutes. The
framework of the SNAP program is included in Subpart G of 40 CFR
Part 82. The original SNAP listing separates alternatives by industry
application. Revisions from August 1994, September 1994, and January
1995 are included as revisions at the end of the original SNAP listings.
The latest updated list is available from the Stratospheric Protection
Hotline relating generic names to trade names.

Materials compatibility is based on the alternative procedure or
chemical implemented. Considerations include the possibility of
corrosion, swelling, deformation, and damage to coatings and
adhesives. Testing will reveal particular types of damage to parts. stress,
embrittlement, and total immersion corrosion.

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDSs prior to implementing any
of these recovery, recycling, or reclaiming processes.

Reduce the amount of ozone-depleting substances and EPCRA -targeted
chemicals going into the environment.

Potential substitutes not listed on the SNAP list may or may not actually
be acceptable. Check with the Stratospheric Ozone Protection Hotline
for the latest information from the EPA, especially for recent decisions
or where a decision about a particular potential substitute is pending.

Any SNAP-listed substitute process or chemical needs to be evaluated
for a given application in order to determine the economic impact a
specific substitution will have. Regardless of any substitute’s cost, taxes
on CFCswill continue to rise.
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Approval
Authority:

Points of Contact:

Vendors:

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

For more information about the SNAP list and its latest revisions, SNAP
notification forms, and SNAP notification guidance manual:
Stratospheric Protection Hotline (800) 296-1996

Monday - Friday, 10:00 a.m. - 4:00 p.m. (Eastern) or

SNAP Coordinator at (202) 233-9739

Copies of SNAP Federal Register notice available from:
Government Printing Office Order Desk
(202) 512-1800, SNAP citation March 18, 1994

The International Cooperative for Environmental Leadership, (202)
737-1419, is a non-profit organization made up of technical
associations, corporations, and governmental agencies exchanging
information on ozone layer protection, ODSs, and alternative
technologies. ICOLP has developed seven different guidance manuals
on ODS replacement products and processes, each including case
studies and extensive vendor lists.

Office of Stratospheric Ozone Protection
U.S. EPA

SNAP Coordinator

(202) 233-9152

Ms. Nina Bonnelycke

Solvents and Aerosols Specialist

SNAP Program

Office of Stratospheric Ozone Protection
U.S. EPA

(202) 233-9079

See ICOLP above.

Source: United States Environmental Protection Agency, Office of Air and Radiation Stratospheric
Protection Division SNAP program, March



TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET
ODS-FREE DRINKING FOUNTAINS

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
CFC containing drinking fountains

Applicable EPCRA Targeted Constituents. CFC-12 (dichlorodifluoromethane)

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:
Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

The refrigerants used in drinking fountains to chill the water are
typically CFCs. However, there are several companies that have
developed CFC-free refrigeration units for their drinking fountains. At
least two companies offer CFC-free refrigeration units as part of their
drinking fountain products. Both use a non-ozone depleting chemical
caled HFC-134a (also known as R-134a), which is a
hydrofluorocarbon. While R-134ais a non-ozone depleting refrigerant,
it is, also a greenhouse gas and has a global warming potential. Thus,
these units must be serviced by certified refrigeration technicians and
are subject to the “non-venting rule” for Class | and Class II ODS
replacements per the Clean Air Act Amendments as stated in 58 FR 92,
Section 608(c)(2) page 28,664, scheduled to take effect as of 15 Nov
95.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduce the amount of ODSs going into the environment

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

N/A
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Vendors: The following list is not meant to be complete, as there are other
manufacturers of this product.

Ms. Kris Arnold
Haws Company
(510) 525-5801

EBCO Company
(614) 861-1350



TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET
ODS-FREE NON-FLAMMABLE CONTACT CEMENT

Revision:
Process Code:
Substitute for:

1/96

Navy: N/A; Air Force: N/A; Army: N/A

ODS-containing contact cement and also flammable contact cement
formulations

Applicable EPCRA Targeted Constituents. ODSs, Toluene

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

Vendors:

Contact cement has many uses for general construction and
maintenance of wooden housing fixtures. Many formulations are either
flammable or contain ODSs. Alternatives are available that are both
ODS-free and non-flammable.

ODS-free and non-flammable formulations of contact cement are
available to directly replace the old formulations, although in most cases
they are slower drying than the ODS or flammable formulations. DAP,
Inc. has developed an alternative water-based product (UPC number
25202) available in 1-pint cans.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduce the amount of ODSs going into the environment and improve
safety of shop or repair facilities by reducing presence of flammable
materials.

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

N/A

The following list is not meant to be complete, as there are other
manufacturers of this product.

DAP, Inc., (513) 667-4461



TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET
ODS-FREE PRODUCT SUBSTITUTE FOR ADHESIVE EA 9446

Revision:
Process Code:
Substitute for:

1/96

Navy: N/A; Air Force: N/A; Army: N/A

NSN 8040-01-175-9193 per Technical Order 1F-16C-3-1, Lockheed
specification P6190-1, “Adhesive Acrylic Tough Peel, Fast Curing,”
indicates both Dexter Hysol product EA 9446 (preferred) and Lord
Corp. product Versilock 201/Accelerator conform to these
specifications.

Applicable EPCRA Targeted Constituents: Carbon Tetrachloride

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:
Disadvantages.

Economic
Analysis:

Approval
Authority:

Adhesive EA 9446 is used on F-16 aircraft; however, it contains ODSs.
An approved substitute is available, but while ODS-free, it does contain
some suspected carcinogens. Dexter Hysol is not planning any changes
in product formulation due to the small amount of carbon tetrachloride
contaminating the product.

The Lord Corporation product Versilock 201/Accelerator 4 is ODS-free,
but the accelerator contains two suspected carcinogens.
trichloroethylene (15%) and methylene chloride (70%). Given these
components, this product must be used under carefully controlled
conditions.

EA 9446 is the preferred adhesive under Technical Order 1F-16C-3-1
for use on F-16 aircraft. It does, however, contain trace amounts of
carbon tetrachloride, not an ingredient per se, but an impurity
contaminating the process during the formulation of the product.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduce the amount of ODSs going into the environment.

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.
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Points of Contact: Captain Dan Bulloch
Ogden Air Logistics Center
F-16 Aircraft Structures (OO-ALC/LAAS)
DSN 458-5195

Mr. Bob Wolf

Lockheed Martin

M aterial s/Processes Division
(817) 777-2138

Vendors: The following list is not meant to be complete, as there are other
manufacturers of this product.

Lord Corporation

Manufacturer of Versilock201/Accelerator 4
Mr. John Misterovich

(814) 868-3611



TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET

ODS-FREE COMPUTER KEYBOARD DUSTER PRODUCTS

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
NSN 1430-01-205-6877 “Dust Off”

Applicable EPCRA Targeted Constituents. CFCs

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:

Economic
Analysis:

Approval
Authority:

Points of Contact:

Vendors:

Dust cleaners for electronic equipment are now being formulated
without ODSs. Products developed to clean dust off of computer
keyboards and similar equipment have been typically formulated using
ODSs. New products are available that are ODS-free. However, some
products may be using the hydrofluorocarbon (HFC) tetrafluoroethane,
HFC-134a (also known as R-134a), as a replacement. While R-134ais
not an ODS, it is a greenhouse gas and has a global warming potential.
Venting of products using R-134a should be avoided.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduce the amount of ODSs going into the environment.

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

N/A

The following list is not meant to be complete, as there are other
manufacturers of this product.

Mr. Jimmy Witcher or Mr. Jim Wadell, Sales Representatives

Tech Spray, Inc.

P.O. Box Amarillo, TX 79015-0949

(800) 858-4043 or (806) 372-8523

Sells “Envi-Ro-Tech Duster,” part number 1671-10S; designed for
cleaning electrical components, it is 100% HFC-134a
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Micro Care Corporation
34 Ronzo Road, Bristol, CT 06010-7792
(860) 585-7912

Mr. Steve Blake, Customer Service

Inmac Corp.

(800) 547-5444

Sells 12 oz. cans of “Office Duster 3" which is 100% compressed air.
Minimum order: $50, which in this case is 4 cans

Other possible electrical equipment cleaners as listed in the Defense
General Supply Center document “Environmentally Safe Chemical
Alternatives.”

-Lectra Clean Il, CRC Industries, Inc., NSN 6850-01-382-5783, 20 oz.
can.

- Electron, Ecolink Inc., NSN 6850-01-371-8048, 150z. aerosol.

- Electron 22, Ecolink Inc., NSN 6850-01-371-8049, 22 oz. pump.

- Citra-Safe, Inland Technologies, NSN 6850-01-378-0616, 150z. can.



TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET

ODS-FREE SUBSTITUTE FOR INK CLEANER

Revision:
Process Code:

Substitute for:

1/96

Navy: MS-99-99, ID-01-00, ID-22-01, 1D-23-99; Air Force: CLO1;
Army: CLD

A&M Multigraphics Co. Order Number 83-1-77004

Applicable EPCRA Targeted Constituents. ODSs

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:
Disadvantages.

Economic
Analysis:

Ink cleaners for printing presses often contain ODSs as part of the
formulation. ODS-free substitutes are now becoming available.

ODS-free substitutes for printing press ink cleaners are now available.
They are typically slower acting and also slower drying, but they are
more environmentally friendly. Before selecting a product, be ready to
answer the following questions so that the best choice of products is
made:

What is the size of the printing press(es), in inches?
Are the presses web or sheet fed?

Are the presses offset lithographic or flexographic?
Isthe ink used soy, water, or petroleum based?

Is the volatile organic content of the cleaner critical?

A & M Multigraphics ODS-free products:
Power Clean (1 gal. container of liquid), Order # 83-6-105452
Power Clean (5 gal. container of liquid), Order # 83-5-105453
International Specialty Products:
Printsolve Ink Remover, NSN 6850-01-383-2064

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate M SDS prior to implementing any
of these technologies.

Reduce the amount of ODSs going into the environment.

N/A

N/A
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Approval

Authority: Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Points of Contact: N/A

Vendors: The following list is not meant to be complete, as there are other
manufacturers of this product.

Mr. Bill Murphy

Environmental Engineering Department
A&M Multigraphics

(708) 398-1900

Mr. Frank Tamasy
West Pentone
(800) 631-1652, Ext. 7734

Ms. Bianca Thayer
International Specialty Products
(800) 283-4823, Ext. 5466 or (505) 899-4350



TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET

ODS-FREE LIQUID CARBURETOR CLEANER

Revision:
Process Code:
Substitute for:

1/96
Navy: SR-02-99; Air Force: ADO7; Army: VHM
Clear R Carb Carburetor Cleaner

Applicable EPCRA Targeted Constituents. ODSs, Toluene, Xylene

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

An ODS-free and EPA 17 chemical-free carburetor cleaner called 2005
Gum-Solve Liquid Carburetor Cleaner is available as a substitute for
Clear R Carb cleaner, which contains ODSs as well as toluene and
xylene. Carburetor cleaners have typically been formulated using
solvents that were very effective in dissolving gums and varnish
buildups typically found in carburetors after long use. These solvents
are either ODSs or EPA 17 listed, and as a result are no longer
considered acceptable for open use such as carburetor cleaners. Several
alternative cleaners are now available, including PENRAY's ODS-free
and EPA 17-free 2005 Gum-Solve Liquid Carburetor Cleaner. Also
available under NSNs 6850-01-085-1423 and 2940-00-123-7195 are
ODS-free carburetor cleaners that have small percentages of toluene
and/or xylenes.

N/A
Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any

of these technologies.

Reduces the amount of ODSs and EPA 17 chemicals entering the
environment.

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

N/A
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Vendors: The following list is not meant to be complete, as there are other
manufacturers of this product.

Mr. Joe Caraso
PENRAY Co.

440 Dennison Court
Wheeling, IL 66609
(708) 459-5000



TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET

ODS-FREE TUBELESSTIRE REPAIR KIT

Revision:
Process Code:
Substitute for:

1/96
Navy: SR-02-99; Air Force: ADO7; Army: VHM
NSN 2640-00-922-6921, which contains methy! chloroform

Applicable EPCRA Targeted Constituents. Methyl chloroform (1,1,1 trichloroethane)

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:
Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

Vendors:

Tubeless tire repair kits typically have an adhesive that contains ODSs.
There are alternatives available for these kits. Adhesives often contain
ODSs, such as those used in tubeless tire repair kits. There are
alternatives, such as the PEMCO 282 tubeless tire repair kit. PEMCO
282 is ODS-free.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduce the amount of ODSs going into the environment.

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

N/A

The following list is not meant to be complete, as there are other
manufacturers of this product.

Barnes/Adams PSP, Inc.
Mr. Larry Barnes, PEMCO 282
(412) 287-6711



TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET

ODS-FREE LUBRICANT/ANTI-SEIZING COMPOUND

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
NSN 8030-00-111-6266 per Technical Order 1F116A-3-78JE-00-21

Applicable EPCRA Targeted Constituents. ODSs

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:
Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

Anti-seizing compounds are normally used on engine hardware (nuts
and bolts) to lubricate and prevent seizing of the components due to
corrosion or dirt buildup. An industry standard product made by FEL-
PRO called C-300 was renamed Moly Dry Film, and its formulation
contains no ODSs.

FEL-PRO Moly Dry Film (formerly FEL-PRO C-300) is a combination
lubricant and anti-seizing compound used on PW-F100-220 jet engines
for the F-16 meeting PWA-36035. It is a multipurpose anti-seizing
compound containing molybdenum disulfide. The compound is
intended to prevent seizing of a component, due to heat, dirt buildup, or
corrosion after extended use. Before 1992, this product was formulated
with an ODS and listed under NSN 8030-00-111-6266. Since then, the
product has been reformulated and is now available without any ODSs
in its formulation under the NSN 8030-01-222-1995.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduce the amount of ODSs going into the environment

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

N/A
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Vendors:

The following list is not meant to be complete, as there are other
manufacturers of this product.

FEL-PRO, Inc.
Commerce City, CO
(800) 992-9799

Mr.Charlie Schroeder
Technical Service Representative

Moly Dry Film is available in aerosol or bulk form:

[tem Part Number
16 fl. oz. aerosol can 51026
1.51bcan 51028

10Ib can 51029



TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET

ODS-FREE DEGREASING/CLEANING

Revision:
Process Code:
Substitute for:

1/96

Navy: ID-02-09; Air Force: ADO7; Army: CLD

V apor degreaser containing methyl chloroform, NSN 6810-00-551-
1487, per Technical Order 34B3-4-11

Applicable EPCRA Targeted Constituents. Methyl chloroform (1,1,1-trichloroethane)

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

ODS-containing solvents have long been used by maintenance
organizations as degreasers for metal components. Alternatives have
become available that are ODS-free.

Alternative solvents and cleaning methods are now on the market to
replace ODS-containing cleaners/degreasers. Generally, there are two
categories of alternatives to choose from: chemical and mechanical.
Chemical alternatives are typically another solvent without ODSs, while
the mechanical alternatives clean with detergent and water using a hot,
high pressure spray or other form of mechanical agitation.

N/A
Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any

of these technologies.

Reduce the amount of ozone depleting substances going into the
environment.

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

N/A
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Vendors: The following list is not meant to be complete, as there are other
manufacturers of this product.

Chemical:
P-T Technologies, (800) 441-7874, Manufacturer of PF Degreaser
Inland Technology, (800) 552-3100, M anufacturer of Skysol
Hurri Kleen Corporation Manufacturer of Hurri-Safe Special
Formula Degreaser
Hurri-Safe Hot Immersion Degreaser

Mechanical:
Better Engineering Manufacturing, Inc.
8361 Town Center Court
Baltimore, MD 21236-4964
(800) 229-3380
Manufacturers of detergent washers for degreasing and cleaning



TRI-SERVICE POLLUTION PREVENTION OPPORTUNITY DATA SHEET

MOTOR VEHICLE AIR CONDITIONING REFRIGERANT CONVERSIONS FROM
CFC 12 TO HFC-134A

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
Dichlorodifluoromethane, CFC-12 (also known as Refrigerant R-12)

Applicable EPCRA Targeted Constituents. CFC-12, dichlorodifluoromethane

Overview:

CFC-12 has been the refrigerant of choice for motor vehicle air
conditioning systems until it was discovered to be an ozone-depleting
substance. New motor vehicle air conditioning systems are now using
the refrigerant HFC-134a. The imminent CFC production ban will force
any CFC-12 based systems without access to reclaimed CFC-12 to
convert fully to HFC-134a or to use adrop in HCFC.

CFC-12 is the refrigerant currently used by the majority of motor
vehicle air conditioning systems now in operation. Atmospheric CFCs
have been determined to be the primary cause of stratospheric ozone
layer depletion over the last quarter century as these products have
made their way into the atmosphere. The widespread use of CFCs, not
only in motor vehicle air conditioning systems, but in many other
applications as well, has resulted in a significant increase in the
concentration of atmospheric chlorine, which reacts with ozone,
reducing its stratospheric concentration, and thus destroying the
ultraviolet radiation shielding ability of the ozone layer.

Conversion of alarge number of motor vehicle air conditioning systems
now using CFC-12 is likely, given the large number of existing CFC-12
based units in service and the production ban on CFCs beginning
January 1, 1996.

It is certain that an increasing number of conversions will be done as
CFC-12 based air-conditioning systems require servicing. There may
be two options, depending on the vehicle and its system and location.
The HFC-134a conversion is ODS-free, but also relatively expensive
and results in reduced cooling capacity. Tests are now underway using
an HCFC or an HCFC blend designed to mimic the refrigerant
characteristics of CFC-12. Thus, using HCFCs as the refrigerant should
result in better cooling performance at a lower cost. HCFCs should be
available for the converted systems until they reach the end of their
useful life cycle (~2010). Finally, any system converted to either
alternative should have its CFC-12 removed and reused for servicing a
vehicle with not being converted.
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Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

Vendors:

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduces the amount of ODSs going into the environment.

N/A

Conversions of motor vehicle air conditioning systems now using CFC-
12 to HFC-134a are expected to be relatively expensive and perhaps not
totally satisfactory. For example, a conversion will require replacement
of the dryer, hoses, seals, lubricant, and refrigerant at a cost for a typical
automobile system estimated at $500. However, because of the
differing physical properties of the refrigerants, systems designed for
CFC-12 and converted to HFC-134a will suffer an approximate 30%
reduction in efficiency, and hence cooling ability.

HCFC conversions are expected to be simpler and cheaper. Component
changes should be minimal, and refrigerant cost will likely be $8 to $10
a pound with a typical system using 2 to 4 pounds. Cooling
performance is expected to be comparable to the system with CFC-12.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Mr. Scott Custer

Automotive Refrigeration Engineer
WR-ALC/LVR-1

DSN 468-2927 or (912) 926-2927

N/A
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MOTOR VEHICLE AIR-CONDITIONING REFRIGERANT ALTERNATIVES

Revision:
Process Code:
Substitute for:

1/96
Navy: N/A; Air Force: N/A; Army: N/A
Dichlorodifluoromethane, CFC-12

Applicable EPCRA Targeted Constituents. Dichlorodifluoromethane (CF.Cl,)

Overview:

Chlorofluorocarbon-12 (CFC-12) has been the refrigerant of choice for
motor vehicle air-conditioning systems, until it was discovered to be an
ozone-depleting substance. New motor vehicle air conditioning systems
are using the refrigerant Hydrofluorocarbon-134a (HFC-134a). The
imminent CFC production ban will force any CFC-12 based systems
without access to reclaimed CFC-12 to convert fully to either HFC-134a
or R-401C, or use a drop-in hydrochlorofluorocarbon (HCFC) blend.
The HCFCs do have ozone-depleting potential, and both HCFCs and
HFCs are greenhouse gases having relatively high global warming
potentials (GWPs). Therefore, the EPA strongly recommends the
containment and reclamation of these substitutes (closed-loop recovery
systems provide a means to achieve the conservation of these
refrigerants). This is an indication that future regulation of these
compounds will only increase. One example is the “no venting”
regulation of the Clean Air Act Amendments, 58 FR 92, Section
608(c)(2), page 28,664. This regulation requires users to recover HFCs
and other alternative (to CFCs) refrigerants when servicing equipment,
effective 15 November 1995.

CFC-12 is the refrigerant used by the majority of motor vehicle air
conditioning systems currently in operation, particularly those
manufactured prior to 1993. Atmospheric CFCs have been determined
to be the primary cause of stratospheric ozone layer depletion over the
last quarter century as these products have made their way into the
atmosphere. The widespread use of CFCs not only in motor vehicle air-
conditioning systems but in many other applications as well, has
resulted in a significant increase in the concentration of atmospheric
chlorine.  Atmospheric chlorine reacts with ozone and reduces its
stratospheric concentration, thus destroying the ultraviolet radiation
shielding ability provided by the ozone layer.

Conversion of alarge number of motor vehicle air-conditioning systems
currently using CFC-12 is likely, given the large number of existing
CFC-12-based units in service and the production ban on CFCs
beginning 1 January 1996.

It is certain that an increasing number of conversions will be done as
CFC-12-based air-conditioning systems require servicing. There may be
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Materials
Compatibility:

two options, depending on the vehicle, its system, and the geographic
location. The use of HFC-134a or R-401C (an HFC/HCFC blend of
52 percent HCFC-124, 15 percent HFC-152a, and 33 percent HCFC-22)
to retrofit a motor vehicle's CFC-12-based air-conditioning system
would require change out of numerous components, including the old
lubricant. Retrofits with both HFC-134a and R-401C are approved by
the EPA’s Significant New Alternatives Policy (SNAP) program. This
type of conversion provides an ODS-free (in the case of HFC-134a) or
very low ODS (using R-401C) refrigeration system. The conversion is
relatively expensive and may result in reduced or inadequate cooling
capacity, especially at “hot idle” conditions.

Several HCFC blends have been developed to mimic the refrigerant
characteristics of CFC-12 for use as drop-in replacements. Using drop-
in replacements should result in equivalent cooling performance at a
lower cost. HCFC blends are expected to be available for the converted
systems until they reach the end of their useful life cycle, provided their
production phaseout is not accelerated. The drop-in replacements are
also SNAP approved.

Any motor vehicle air-conditioning system converted to an alternative,
by law, must be evacuated and have its CFC-12 removed, recovered,
and reused for servicing a vehicle not being converted.

Any HFC or any blends using solely HFCs are not compatible with
mineral oil lubricants found in CFC-12 refrigerant systems. For
conversions, manufacturers typically recommend triple-flushing the
lubricant from the system before charging with HFC-134a. Flushing can
usually be accomplished after removing and recovering the existing
refrigerant by simply draining the existing mineral oil, either from an oil
drain plug or by removing the compressor and draining from the suction
line. In most automotive systems, 90 to 95 percent of the lubricant can
be removed from the system in this manner. Larger systems may require
multiple drainage points, particularly if there are low spots around the
evaporator. In al conversions, measure the volume of lubricant
removed and compare to the compressor/system specifications to assure
that greater than 95 percent of the lubricant has been removed. If greater
than 95 percent of the mineral oil lubricant has not been removed,
flushing will be required (if the system shows poor heat transfer, the
mineral oil residual is typically still too high). Equipment using HFC-
134a and R-401C requires synthetic oils (although R-401C tolerates a
higher proportion of mineral oil, since it contains two HCFCs, so triple
flushing is probably not necessary for R-401C conversions), such as
polyalkylene glycol or polyol ester lubricating oils.
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Safety and Health: The SNAP-approved refrigerants for motor vehicle applications have

Benefits:

Disadvantages.

Economic
Analysis:

been developed to minimize safety and health concerns. They are non-
flammable under all expected working conditions and have low toxicity.
Personal protective equipment is not mandatory, but when working with
refrigerants, use of safety glasses or chemical splash goggles is always
recommended. For more information on the safety and health aspects of
these refrigerants, consult your local Industrial Health specialist, your
local health and safety personnel, and the product MSDS prior to any
refrigerant conversion.

Conversion and retrofits, along with recovery of the existing CFC
refrigerant charge, reduces the amount of ozone-depleting substances
(ODSs) going into the environment.

The use of HCFCs as drop-in replacements are their moderate ozone-
depletion potential and the fact that they will probably have to have
dedicated servicing equipment to comply with EPA regulations (in
contrast, the latter requirement is essentially fulfilled for HFC-134a
conversions because dedicated systems are, for the most part, already in
place for new motor vehicle air-conditioning systems, which now use
HFC-134a).

Conversions of motor vehicle air conditioning systems now using CFC-
12 to HFC-134a are expected to be relatively expensive. A complete
conversion will require replacement of the dryer, hoses, sedls,
refrigerant, and lubricant, and also flushing of the old lubricant. The
cost of a complete HFC conversion for a typical automobile CFC-12
system is estimated between $500 and $1,000. In addition, because of
the differing physical properties of the refrigerants, systems designed
for CFC-12 and converted to HFC-134a may suffer some reduction in
efficiency (up to 30 percent less efficient according to some tests), and
hence cooling ability.

Drop-in replacements of the HCFC blends are expected to be simpler
and cheaper, since no flushing or changing of lubricating oils is
required. Furthermore, component changes should be minimal, although
new connections and tagging are required by law. Refrigerant cost will
likely be $8 to $10 a pound, with a typical system using 2 to 4 pounds.
However, complete refrigerant replacement is required; “topping off” a
CFC-12 system with an HCFC blend is not alowed. Cooling
performance is expected to be comparable to the original systems
operating with CFC-12.
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Approval
Authority:

Point of Contact:

Vendors:

Source(s):

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval

is not required.

Mr. Scott Custer, Automotive Refrigeration Engineer
WR-ALC/LVR-1
DSN 468-2927, (912) 926-2927

The following list is not meant to be complete, as there are other
manufacturers of this product.

Allied-Signal Inc.

Fluorocarbons

P.O. Box 1053

Morristown, NJ 07962-1053

(800) 631-8138, FAX (201) 455-6395
Manufacturer of HFC-134a

DuPont Fluorochemical Products Information

Ms. Allison Minton, (800) 582-5606, or Mr. Bob Luksic, (800) 242-
4618

Technical Information Specialists

Manufacturer of HFC-134a

Elf Atochem N.A., Inc.,

Research and Applications Laboratory
900 First Ave., P.O. Box 1536

King of Prussia, PA 19406

(800) 435-3286

Manufacturer of HFC-134a

PA Technical Inquiries: 2065, 2984, and 3136.

Rolotti, G. D., and S. Leonard, “Experience in Retrofitting CFC-12 Auto Air-Conditioning Systems with

HFC-134a: An Update After a Year of Testing,” Proceedings of International CFC and
Halon Alternatives Conference ‘94, p. 765-774, Oct 94.
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ODS-FREE STERILIZATION

Revision:
Process Code:
Substitute for:

1/96
Navy: MD-01-01, MD-02-02; Air Force: MDO1; Army: Not available
Ethylene Oxide/CFC-12

Applicable EPCRA Targeted Constituents: Ethylene Oxide, CFC-12

(dichlorodifluoromethane)

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Sterilizing agents can contain CFCs, which, because they are relatively
inert, are added for safety and ease of use. CFCs are often used as part
of the formulation for sterilizing agents. Because the sterilizing agents
are oxidizers, such as ethylene oxide, and are usually very combustible,
the CFCS/HCFCs serve as both fire suppressant and propellant. A
typical sterilizing mixture of ethylene oxide and CFC-12 is produced in
a formulation of 12% ethylene oxide and 88% CFC-12. The best
application of this type of sterilizing agent is for heat sensitive
equipment on which steam autoclaving (sterilization with heat) can not
be done.

Despite the fact that ethylene oxide is a suspected carcinogen, some
100% ethylene oxide (CFC and HCFC free) sterilizers are in
development. Also, some ethylene oxide-free replacements have been
produced; for example, hydrogen peroxide and ozone based sterilizers,
but they are not yet in widespread use.

Ethylene oxide, although not an ODS, is a suspected carcinogen. Use of
ethylene oxide should be minimized. In fact, relatively low levels of
use (25-50 Ib/yr) will trigger technical reviews of the process and may
require implementation of Maximum Achievable Control Technology.

Some manufacturers have substituted an HCFC for the CFC, which
reduces the sterilizers ozone depleting potential, but does not eliminate

it. Two tradenames of these products are Penngas 2 and Oxyfume
2000.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduce the amount of ODSs going into the environment.

N/A
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Economic
Analysis:

Approval
Authority:

Points of Contact:

Vendors:

Retrofitting or repairing an existing EO/CFC based sterilizer that is less
than 5 years old to an EO/HCFC mixture based sterilizer is cheaper
than purchasing new equipment based on one of the new technologies.
It would be best if possible to delay purchases of any new sterilizers
until the new technologies have been thoroughly evaluated.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Captain Rick Owen
Equipment Specialist
DSN 343-7487

Mr. Terry Black
AFMC/ENX
DSN 787-0349, (513) 257-0349

The following list is not meant to be complete, as there are other
manufacturers of this product.

Amsco Scientific

(800) 444-9009

Mr. Pete Buczynski

Service Engineering Technical Support
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ETHYLENE OXIDE STERILIZER ALARM SYSTEMS

Revision:
Process Code:
Substitute for:

1/96
Navy: MD-01-01, MD-02-02; Air Force: MDO1; Army: Not available
Kem Medical Model 9000

Applicable EPCRA Targeted Constituents. Ethylene Oxide, CFC-12

(dichlorodifluoromethane)

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:
Disadvantages.

Economic
Analysis:

Sterilization equipment using ethylene oxide (EO) can sometimes
develop leaks. Detection systems are available to warn of EO presence;
however, the detectors are also sensitive to CFCs and HCFCs, and thus
can give false alarms.

CFCs and HCFCs are often used as part of the formulation for
sterilizing agents. Because the sterilizing agents are oxidizers, such as
EO, and are usually very combustible, the CFCs/HCFCs serve as both
fire suppressant and propellant. EO is a suspected carcinogen, and
CFCs and HCFCs are ODSs, so leak detection is a critical part of
sterilization equipment maintenance. Current detection systems for EO
are also sensitive to CFCs and HCFCs, but since most products used are
mixtures and not 100% EO, any leak detected, even if it is not high in
EOQ, is cause for concern, and is probably an indication of a component
problem.

Despite the fact that EO is a suspected carcinogen, some 100% EO
(CFC and HCFC free) sterilizers are in development. Also, some EO-
free replacements have been produced (for example, hydrogen peroxide
and ozone-based sterilizers), but they are not yet in widespread use.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Detect leakage of EO and ODSs.

N/A

Retrofitting or repairing an existing EO/CFC based sterilizer that is less

than 5 years old to an EO/HCFC mixture-based sterilizer is cheaper
than purchasing new equipment based on one of the new technologies.
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Approval
Authority:

Points of Contact:

Vendors:

It would be best if possible to delay purchases of any new sterilizers
until the new technologies have been thoroughly evaluated.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Mr.John Monville

Armed Forces Medical Logistics Office

Medical Equipment Management Team (AFMLO/FOM)
DSN 343-7487

Mr. Terry Black
AFMC/ENX
DSN 787-0349, (513) 257-0349

The following list is not meant to be complete, as there are other
manufacturers of this product.

Amsco Scientific

(800) 444-9009

Mr. Pete Buczynski, Service
Engineering Technical Support
Amsco Model 5700

Cryotech
Puriten Bennett
Mr. Bowey
(904) 374-6603
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ODS-FREE SKIN REFRIGERANT

Revision:
Process Code:
Substitute for:

1/96
Navy: MD-02-99; Air Force: MDO1; Army: Not available
CFC-114, NSN 6506-00-576-8915

Applicable EPCRA Targeted Constituents. CFC-114 (dichlorotetrafluoroethane)

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:
Disadvantages.

Economic
Analysis:

Approval
Authority:

Points of Contact:

The ODS CFC-114 is used as a refrigerant for conducting cold-
sensitivity studies at dental clinics. A suitable substitute, an HFC-134a
(a non-ODS) based product called Green Endo-Ice, is an available
alternative.

Dental applications of CFC-114 as a skin refrigerant can be substituted
with an HFC-134a based product called Green Endo-Ice. While not an
ODS, HFC-134a is a green house gas and has a global warming
potential.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Reduce the amount of ODSs going into the environment

N/A

N/A

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Lt. Col. Kane, DDS

Dental Investigation

Armstrong Laboratory, AL/AOCD,
DSN 240-3502, (210) 536-3502

Mr. Bob Luksic
Du Pont Fluorochemicals Customer Service
(800) 242-4618
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Vendors:

The following list is not meant to be complete, as there are other
manufacturers of this product.

Green Endo-Ice is available from Henry Schein, Incorporated
(516) 843-5500
Manufactured by Hygenic Corporation, (216) 633-8460
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ODS-FREE SUBSTITUTE FOR INSULATING FOAM

Revision:
Process Code:
Substitute for:

1/96
Navy: SR-04-99; Air Force: SV01; Army: Not available
CB 120 Filler Foam

Applicable EPCRA Targeted Constituents. ODSs

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:
environment

Disadvantages.

CFCs and HCFCs are common blowing agents used in expansion of
polymer foams, such as expanded polystyrene (STY ROFOAM®). Most
companies, however, have switched from using CFCs to using HCFCs
as blowing agents or other alternative methods.

CFCs and HCFCs are used in expansion of polymer foams. Thetrendis
away from CFCs and toward HCFCs and other alternatives. One new
alternative to gas induced expansion is “electroset” technology.
Electrosetting materials are made up of ordinary resins mixed with an
electrically polarizable aggregate that makes the resin semiconductive
while in its liquid state. The fluid resin is then heated electrically until,
at a certain temperature, one constituent of the resin changes phase from
liquid to gas, thus creating bubbles. The rest of the resin then solidifies,
resulting in an expanded foam. By altering the applied electrical
energy, qualities such as foam density and compressibility can be
controlled. Using alternating current in the process produces a
homogeneous foam. Direct current causes a thermal gradient in the
resin resulting in foam with properties that vary within the foam matrix.
Molded items can also be produced.

A new fire-resistant insulation foam has also been developed by a Swiss
company called Polypag. Their foam is applied with a can, and the
propellant is a blend of HFC-152A and dimethyl ether.

N/A

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any

of these technologies.

Reduce the amounts of CFCs and other ODSs going into the

N/A
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Economic
Analysis:

Approval
Authority:

Points of Contact:

Vendors:

Costs for “electroset” technology are claimed to be comparable to CFC
technologies.

Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

N/A

The following list is not meant to be complete, as there are other
manufacturers of this product.

Macklanburg-Duncan, (405) 528-4411, produces M acklanburg-Duncan
Minimal Expanding Foam, which contains an HCFC.

Insta-Foam Sealant, (815) 741-6800, produces Insta-Seal, which also
contains an HCFC.

RHH Foam Systems, Inc., (800) 728-6067, produces polyurethane
foam, which does not contain any Class| ODS.

3M Corporation, (800) 480-1704, produces Scotch Seal Chemical Grout
5600, which does not contain any chlorinated solvents.

U.S. Navy, FAX (410) 293-2561, for information on “Electroset”
technology.

Polypag, FAX (49) 71-756-142, for information on a new fire-resistant
space-filling insulation foam that comes in a can with a propellant blend
of HFC-152a and demethyl ether.
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FIRE STOP SETTING COMPOUNDS

Revision:
Process Code:
Substitute for:

1/96
Navy: ID-19-99; Air Force: SV01; Army: Not available
ODSs and propane expanded insulating foams

Applicable EPCRA Targeted Constituents. ODSs

Overview:

Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

Economic
Analysis:

Expanded insulating foams have become popular with the evolution of
building codes in the last several years. Codes now require impervious
protection between certain walls and structures to improve fire
resistance. These foams can be applied where and when needed.
However, ODS and propane-free substitutes are preferable.

Expanded insulating foams are an important part of new building
construction, given strengthened building codes. These foams are used
to seal holes between walls especially where pipes or conduits penetrate
the walls. Since the expanded foams are made from isocynate
materials, no isocynate-free substitutes exist. Some foams may,
however, contain more innocuous propellants than propane and ODSs,
but these are not readily available.

Fire stop compounds are acceptable alternatives to expanded insulating
foams and should meet the latest building codes. The only application
in which a foam would normally be required is where an object passing
through a wall or floor will shrink in a fire; for example, polyvinyl
chloride piping. However, the expanded foam can be avoided in this
case also by wrapping an intumescent collar around the pipe and
applying afire stopping joint compound around the annular opening.

N/A
Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any

of these technologies.

Reduce the amount of isocynates, ODS and alkyl propellants going into
the environment.

N/A

N/A
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Approval

Authority: Navy: Approval is controlled locally and should be implemented only
after engineering approval has been granted. Major claimant approval
is not required.

Points of Contact: Mr. Mike Gardener
Technical Director
Association of the Wall and Ceiling Industry International
Falls Church, VA
(703) 534-8300

Vendors: The following list is not meant to be complete, as there are other
manufacturers of this product.

Mr. Mark Chapman

National Gypsum Corporation

(800) 628-4662

Manufacturer of fire stop joint compound “FS0-90”

Mr. Lee Holder

U.S. Gypsum Company

(770) 393-0770

Manufacturer of fire stop joint compound “Fire Code Compound”

Mr. George Shortreed

Domtar Gypsum, Inc.

(800) 366-8274

Manufacturer of fire stop joint compound “Fire Halt”
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DRY FILTER PAINT BOOTH CONVERSION

Revision:
Process Code:
Substitute for:

1/96
Navy: ID-05-99; Air Force: PAOL; Army: PNT
Water Curtain Spray Booths

Applicable EPCRA Targeted Constituents: Lead, Chromium, and Zinc Compounds

Overview:

Water curtain spray booths are primarily used to control particulate
emissions from painting operations. A typical water curtain system
consists of a large collection sump, water pumps, and one or more
baffles. Water is pumped up from the collection sump over the baffles
to produce one or more water curtains, depending on the number of
baffles. Air is scrubbed as it passes through the water curtain and then
vented into the atmosphere. The water forming the curtain falls back
into the collection sump and is recirculated until it cannot be used. Paint
sludge is collected on the bottom of the sump and is disposed of as
hazardous waste. Wastewater is normally sent to an industrial waste
treatment plant (IWTP).

Crossdraft and downdraft water curtain spray booths can be retrofitted
into dry filter paint booths. There are many types of dry filter systems,
but all operate on the same principle. Particulate-laden air flowing
towards the filter media is forced to rapidly change directions. The
particulate, having more inertia than the surrounding air, impacts the
filter media and is removed from the air flow. The scrubbed air is then
vented into the atmosphere.

General system issues to be considered in the conversion of a paint
spray booth include characteristics and applicability of dry filter
systems, required fan size, dry filter surface area, paint booth duty
cycles, and paint usage rates. There are many types of dry filter
particulate emissions control systems (PECS) and filters available on the
market.

There are four principal types of filters currently used: fiberglass
cartridges, multilayer honeycombed paper rolls or pads, accordion-
pleated paper sheets, and cloth rolls or pads. Each principal type of filter
has different characteristics for particulate capacity, removal efficiency,
cost, and replacement time. Filter performance is characterized by three
basic parameters. particulate capacity, resistance to air flow, and
particulate removal efficiency. Filter replacement is required when the
pressure differential across the filter face reaches the maximum
specified by the manufacturer. Filter manufacturers sell manometers that
measure the pressure differential.
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Materials
Compatibility:

Safety and Health:

Benefits:

When using lead or zinc chromate paints, the dry filter will eliminate
approximately 50 to 90 percent of the hazardous waste that would be
generated with a water wall paint booth. Generally, the only hazardous
waste generated from the process is the dry filter contaminated with
paint. When using water-based paints, used filters from a dry filter paint
booth are not considered hazardous waste, whereas wet sludge from a
water curtain spray booth would be considered hazardous waste because
of heavy metal contamination.

Powder paint is typically not used in dry filter paint booths because this
type of paint is usually recycled, which is difficult to do in a dry filter
paint booth.

The concerns with the dry filter systems are the variety of paints that are
used. When using lead and zinc chromate paints, inhalation of lead or
zinc can irritate the respiratory tract and can be poisonous. Some lead
compounds are carcinogenic. Solvent-based paints can irritate the lungs
and mucous membranes. Prolonged exposure can affect respiration and
the central nervous system. Proper personal protective equipment
should be used.

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

Lower initial capital cost compared to wet booth equipment

Can decrease operation cost compared to water wash booths
Eliminate chemical costs

Reduce electrical costs

Increase flexibility in design installation and performance

Eliminate water and possible sewer costs

No removal or daily skimming of sludge from the booth

No water-wash sludge for hazardous waste disposal

Reduce plant noise, odor, and worker stress by eliminating the water
falls or vacuum suction

Reduce maintenance cost by eliminating booth and duct rust from
contact with water

Decrease down time results from failures in the water pumping
system

Eliminates down time due to clogged nozzles

Eliminate water tank overflow onto the booth floor

Eliminates the need to heat water
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Dry filter paint booths can have a better particulate removal
efficiency
Less clean-up is needed

Disadvantage: The principal disadvantage of dry filter systems is that, if not properly
selected based on the painting operation and paint usage rate, the
downtime during filter replacement could be high.

Economic Analysis: Converting a water curtain spray booth to a dry filter paint booth can be
easily accomplished and can be done in-house. The cost of conversion
usually ranges from $200 to $2,000, depending on the size and
condition of the old water curtain spray booth. Purchasing a new dry
filter paint booth can cost between $2,000 and $20,000. The conversion
from a water curtain spray booth to a dry filter paint booth can save
several thousand dollars in operating and maintenance costs per year.

Assumptions (from Columbus Industries, Inc.):

- Water wash paint booth is 7’ high 12" wide; dry filter booth has
twenty-eight modules, each 20" x 20"

- 8-hour shift

- Electricity at $ 0.055/kwh; water wash uses 15 hp motor and dry
filter uses 3 hp motor

- Chemical usage at 20 |bs/shift and $0.80/Ib

- Filters usage at 10/shift and $0.62/filter

- Labor at $10/hr; water wash requires 12 min/shift and dry filter
requires 10 min/shift.

Water Wash Dry Filter

Capital Cost $9,400 $2,975
Typical Cost per shift:

Electricity $4.92 $0.98

Chemicals $16.00 -

Filters - $6.20

L abor $2.00 $1.67

Total/shift $22.92 $8.85

Cost Savings per shift = $14.
Annual Saving: 260 days x $14.07 = $3,658.2007
Payback Period: About 9 months

Approval

Authority: Navy: Approva is controlled locally and should be implemented only after
engineering approva has been granted. Magor clamant approval is not
required.
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Points of Contact:

Vendors:

Charles Tittle

NAVSEA 00TB

Naval Sea Systems Command
2531 Jefferson Davis Hwy.
Arlington, VA 22242-5160
Phone: (703) 602-3594

DSN: 332-3594

Fax: (703) 602-7213

Bob Fredrickson

Naval Facilities Engineering Service Center
Code 423

1100 23rd Avenue

Port Hueneme, CA 93043-4370

Phone: (805) 982-4897

DSN: 551-4897

Fax: (805) 982-4832

The following is a list of Dry Filter Booth manufacturers. This is not
meant to be a complete list, as there are other manufacturers of this type
of equipment.

Columbus Industries, Inc.
P.O. Box 257

2938 State Route 752
Ashville, OH 43103-057?
(614) 983-2552

The DeVilbiss Company

1724 Indianwood Circle, Suite F,
Maumee, OH 43537-4050

(800) 338-4448

Research Products Corp.
P.O. Box 1467

Madison, WI 53701-1467
(608) 257-8801

Chemco Manufacturing Company, Inc.
3175 MacArthur Blvd.

Northbrook, Illinois

(800) 323-0431
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ELECTROSTATIC PAINT SPRAY SYSTEM

Revision:

Process Code:
Substitute for:

1/96
Navy: ID-05-03; Air Force: PAOL; Army: PNT
High Velocity Spray Paint Systems

Applicable EPCRA Targeted Constituents Toluene, Xylene, Methyl Ethyl Ketone,

Acetone, n-Butyl Alcohol, Lead, Chromium, Zinc Compounds

Overview:

In conventional paint spray systems, paint atomization occurs via high
velocity air jets forcing paint through small air holes in the paint gun
face caps. Air pressures used range from 40 to 80 psi, with air volumes
of 8 to 30 sgfm. The atomized paint particles travel at high velocities
and tend to bounce off the object being painted, rather than adhering to
the surface. In addition, the expanding high-pressure air (as high as 70
psi) passes through the small face cap openings, causing turbulent flow
of the paint stream following air currents within the paint booth. The
amount of paint that bypasses the workpiece (overspray) is relatively
high for air pressure atomized spray painting. Transfer efficiencies of 15
to 30 percent are associated with conventional painting systems.

In electrostatic finishing, negatively-charged, atomized paint particles
and a grounded workpiece create an electrostatic field that pulls the
paint particles to the workpiece. An ionizing electrode, typically located
at the paint gun atomizer tip, causes paint particles to pick up additional
electrons and become negatively charged. As the coating is deposited on
the workpiece, the charge dissipates through the ground and returns to
the power supply, completing the circuit. The electrostatic field
influences the path of the paint particles. Because the charged particles
are attracted to the grounded workpiece, overspray is reduced. Paint
particles that pass a workpiece can be attracted to and deposited on the
back of the piece. This phenomenais known as “wrap.”

A potential drawback to electrostatic finishing, particularly for coating
complicated surfaces, is the Faraday cage effect: a tendency of charged
coating particles to deposit around entrances of cavities. High particle
momentum can help overcome Faraday cage effects, since particles with
greater momentum (larger particles or particles traveling at higher
speeds) are influenced less by the electrostatic forces. None the less,
high particle momentum also lowers efficiency. In addition, in high
humidity atmospheres electric charges can leak off into the air,
decreasing the charge on the particles and lowering efficiency. Transfer
efficiencies for electrostatic finishing range from 45 to 85 percent.

Electrostatic paint equipment is available in three basic types:. air
atomized, airless, and rotating discs and bells, depending on how the
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Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

paint is atomized. High-speed discs atomize the coating more finely
than air atomization and direct more paint to the target. This technology
is particularly efficient for the application of difficult to disperse, high-
solids paints. However, the Faraday cage effect is generally greater with
rotary atomizers than with air or airless types. Rotary atomizers,
therefore, may not provide adequate coverage for complicated surfaces.

Because electrostatic finishing systems operate at high voltages (30 to
150 kV), operator safety is a major concern. All items in the work area
must be grounded, including the operators, the paint booth, the
application equipment (unless applying conductive coatings), and
conveyors. Ungrounded items should be removed from the work area.
Removing paint buildup from the paint booth helps assure that
workpieces are grounded. Workers should never wear rubber- or
corked-soled shoes, which can turn them into ungrounded capacitors.
(Special shoe-grounding devices are available.) Adequate skin contact is
required when using hand-held guns. Painters should grasp the gun with
bare hands or use gloves with finger tips and palms cut out.

Any material that can be atomized can accept an €electrostatic charge,
regardless of the coating conductivity. The workpiece must be
groundable. Metal and some wooden pieces can be painted
electrostatically, but plastic, rubber, ceramic, or glass can not.

Proper design, operation, and maintenance of the equipment is required
for its safe use. The spray booth must be well ventilated. Proper
personal protective equipment should be worn, if required.

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

The significant reduction in overspray, paint bounce, and blow back can
significantly reduce the amount of paint materials required to coat a
part. The quantity of paint used can be reduced by 50 to 70 percent.
Less overspray also results in a reduction in paint booth maintenance
(filter changeouts, etc.), since less paint is deposited on paint booth
surfaces. In addition, if a water-wall paint booth is used, less paint
sludge will need to be removed from the scrubber and disposed as
hazardous waste.

High capital cost and more maintenance are required.
The electric charges tend to repel on complicated surfaces.
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Economic Analysis: Cost will vary, depending upon specific applications: painting/coating

Approval
Authority:

Point of Contact:

Vendors:

type, paint volume, workpiece specifications, and technique. Generally,
electostatic air systems cost approximately $4,000, and electrostatic
airless systems cost approximately $6,500. Installation and training are
extra costs.

Assumptions:
- Gallons of paint used per year for using electrostatic spray: 5,000
gallons
- Paint Procurement Cost: $10/gallon
- Transfer Efficiency of Electrostatic Spray: 70 percent

Electrostatic spray High Velocity Spray
Capital Cost: $5,300 $300-$800
Paint Cost: $50,000 $200,000

Annual Savings: $150,000
Payback Period: 2 weeks

Navy: Approva is controlled localy should be implemented only after
engineering approva has been granted. Magor clamant approval is not
required.

Scott Mauro

Naval Facilities Engineering Service Center, Code 423
1100 23rd Avenue

Port Hueneme, CA 93043-4370

Phone: (805) 982-4889, DSN: 551-4889

FAX: (805) 982-4832

The following is a list of electrostatic spray painting system
manufacturers. This is not meant to be a complete list, as there may be
other manufacturers of this type of equipment.

Accuspray, Inc.

23350 Merchantile Rd.

Cleveland, OH 44122

Phone: (800) 618-6860 or (216) 595-6860
Fax: (216) 595-6868

Binks Manufacturing Co.
9201 W. Belmont Ave.
Franklin Park, IL 60131
Phone: (708) 671-3000
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Customer Service Fax: (708) 671-3067

The DeVilbiss Co.

1724 Indian Wood Circle
Maumee, OH 43537
Phone: (419) 891-8191
Fax: (800) 338-0131

Smith Eastern Corp. (AirVerter)
5020 Sunnyside Ave.

Beltsville, MD 20705

Phone: (301) 937-4548

Fax: (301) 937-7295

Graco Inc.

P.O. Box 1441

Minneapolis, MN 55440-1441
Phone: (800) 367-4023

Fax: (612) 623-6777

Source: Robinson, Frank and Dennis Stephens, “Understanding Electrostatic Finishing,” Industrial
Finishing, 9/90, p 34-37.
“Reducing Waste in Railcar Coating Operations,” Graco Equipment and Emissions Update,
June 1994, pp. 8-9.
Vendors.
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HIGH TRANSFER EFFICIENCY PAINT SPRAY SYSTEMS

Revision:

Process Code:
Substitute for:

1/96
Navy: ID-06-04, ID-05-01/-02; Air Force: PAOL; Army: PNT
High Velocity Spray Paint Systems

Applicable EPCRA Targeted Constituents: Toluene, Xylene, Methyl Ethyl Ketone,

Acetone, n-Butyl Alcohol, Lead, Chromium, Zinc Compounds

Overview:

In conventional paint spray systems, paint atomization occurs via high-
velocity air jets, forcing paint through small air holes in the paint gun
face caps. Air pressures used range from 40 to 80 psi, with air volumes
of 8 to 30 sgfm. The atomized paint particles travel at high velocities
and tend to bounce off the object being painted rather than adhering to
the surface. In addition, the expanding high pressure air (as high as 70
psi) passing through the small face cap openings causes turbulent flow
of the paint stream following air currents within the paint booth. The
amount of paint that bypasses the workpiece (overspray) is relatively
high for air pressure atomized spray painting. Transfer efficiencies of 15
to 30 percent are associated with conventional painting systems.

There are four basic types of high transfer efficiency paint guns: high
volume/low pressure (HVLP), airless (also called pressure atomized),
pressure atomized air-assisted, and electrostatic. Electrostatic spray
paint systems are discussed in a separate Pollution Prevention
Opportunity Data Sheet, “Electrostatic Finishing;” the others are
described below.

High Volume Low Pressure (HVLP) paint systems atomize paint via a
high volume of air delivered at a low pressure (less than 10 psi). In
some HVLP systems, the air supply is turbine generated; in others, shop
air (100 psi) is converted to less than 10 psi. Because the atomized paint
particles are delivered at low speeds to the object being painted, less
paint is lost as overspray, bounce, and blow back. Typically the transfer
efficiency with HVLP is 50 to 65 percent.

Airless spray painting systems atomize paint by forcing it through a
small tip orifice at high fluid pressures (1,500 to 3,000 psi). Typical
transfer efficiencies with airless spray painting are 20 to 40 percent.
Large areas can be painted quickly by pressure atomized paint systems.
This technology is, however, inappropriate for fine finishing work,
because a large quantity of paint is delivered with particles that are less
finely divided.

Pressure-atomized, air-assisted systems combine the features of the air
atomized (conventional) and airless systems. An airless fluid spray tip is
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Materials
Compatibility:

Safety and Health:

Benefits:

Disadvantages.

used to atomize the coating into a fan pattern at high pressures (400 to
800 psi). A second, low-pressure air stream (10 to 30 psi) is injected
after the nozzle to improve atomization and the spray pattern. This
system is reported to provide the fine control of air-atomized spray guns
and the improved transfer efficiencies of airless systems. Typical
transfer efficiencies for pressure-atomized air-assisted systems are 25 to
40 percent.

High transfer efficiency spray painting systems can be used in a wide
variety of painting applications. Each technology has advantages and
disadvantages, depending on the viscosity of the paint used, the part
painted, the type of finishes desired, and production rate required.
Higher production rates can be achieved with airless paint guns. The
finer atomization of HVLP and pressure atomized air-assisted systems
produce smoother surface finishes. There are many different paint gun
models, with a variety of tip sizes to accommodate most coatings,
including solvent-based paints, water based coatings, fine finish
metallic, high-solids polyurethane, contact adhesives, varnish, top coats,
lacquer, enamel primer, latex, primer, epoxy, and vinyl fluids. The
efficiency of these systems is reduced if painting is done in exposed
areas.

Proper design, separation, and maintenance of the equipment is required
for its safe use. The spray booth must be well ventilated. Proper
personal protective equipment should be worn, if required.

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

The significant reduction in overspray, paint bounce, and blow back can
significantly reduce the amount of paint materials required to coat a
part. The quantity of paint used can be reduced by 50 to 70 percent.
Less overspray also results in a reduction in paint booth maintenance
(filter changeouts, etc.), since less paint is deposited on paint booth
surfaces. In addition, if a water-wall paint booth is used, less paint
sludge will need to be removed from the scrubber and disposed as
hazardous waste

To achieve high quality finishes at normal production rates, the
temperature, pressure, and volume of air used by the system must be
properly controlled. Some HVLP paint guns allow the air pressure to be
adjusted. If operated at pressures above the manufacturer-specified
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Economic Analysis:

Approval
Authority:

Point of Contact:

Vendors:

limits, the paint gun’'s transfer efficiency could be lowered; the gun
could be made into a conventional high-pressure gun.

Costs will vary depending upon specific applications: painting/coating
type, paint volume, workpiece specifications, and technique. Generally,
HVLP paint spray system equipment costs approximately $1,000 for a
gun, hose, and paint pot. Airless or air-assisted airless paint spray
systems range from $2,000 to $3,500. Installation costs will also vary,
depending upon location.

- Assumptions:

- Gallons of paint used per year for HVLP gun: 10,000 gallons
- Paint Cost: $10/gallon

- Transfer Efficiency of HVLP gun: 50 percent

HVLP Gun High Velocity Spray
Capital Cost $1,000 $300-$80
Paint Cost $100,000 $200,000

Annual Savings: $100,000
Payback Period: one week

Navy: Approva is controlled locally and should be implemented only after
engineering approval has been granted. Major claimant approval is not
required.

Scott Mauro

Naval Facilities Engineering Service Center, Code 423
1100 23rd Avenue

Port Hueneme, CA 93043-4370

Phone: (805) 982-4889, DSN: 551-4889

FAX: (805) 982-4832

The following is a list of HVLP spray painting system manufacturers.
This is not meant to be a complete list, as there may be other
manufacturers of this type of equipment.

Accuspray, Inc.

23350 Merchantile Rd.

Cleveland, OH 44122

Phone: (800) 618-6860 or (216) 595-6860, Fax: (216) 595-6868

Binks Manufacturing Co.
9201 W. Belmont Ave.
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Franklin Park, IL 60131
Phone: (708) 671-3000, Customer Service Fax: (708) 671-3067

The DeVilbiss Co.

1724 Indian Wood Circle

Maumee, OH 43537

Phone: (416) 470-2169, Fax: (800) 338-0131

Smith Eastern Corp. (AirVerter)

5020 Sunnyside Ave.

Beltsville, MD 20705

Phone: (301) 937-4548, Fax: (301) 937-7295

Graco Inc.

P.O. Box 1441

Minneapolis, MN 55440-1441

Phone: (800) 367-4023, Fax: (612) 623-6777
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PLURAL COMPONENT PROPORTIONING SYSTEM FOR EPOXY PAINTS

Revision:
Process Code:
Substitute For:

1/96
Navy: ID-05-99; Air Force: PAOL; Army: PNT
Manual Paint Mixing

Applicable EPCRA Targeted Constituents: Toluene, Xylene, Methyl Ethyl Ketone,

Acetone, n-Butyl Alcohol, Lead, Chromium, Zinc Compounds

Overview:

Materials
Compatibility:

Under most current operating procedures, epoxy paint mixtures are
prepared by premixing a base and catalyst, and combining them in
appropriate proportions in a separate container. After mixing and
waiting the specified time, application of the paint to the object may
proceed. Epoxy paint ingredients have a limited pot life once mixed
which cannot be exceeded without affecting the characteristics of the
paint. If the pot life is exceeded, the mixture must be disposed, and the
application equipment must be cleaned with a solvent. The cleaning
solvent, as well as mixed and unused paints, must be disposed as
hazardous waste. Common solvents used for cleaning are methyl ethyl
ketone (MEK), xylene, toluene, and mineral spirits.

Plural component proportioning systems are self-contained machine
proportioning and mixing systems. Application devices are separate
components which are used in conjunction with the plural component
proportioning system. The proportioning and application system layout
typically includes the following components. 1) proportioning pump
module, 2) mix manifold, 3) mixer, 4) application device, 5) material
supply module, and 6) purge or flush module. These systems optimize
painting operations by maximizing efficiency and minimizing waste
generated. The base and catalyst components of the epoxy paint mixture
are mixed by machine within the proportioning system. The position of
the mixer with respect to the applicator is determined by the pot life.

In particular, the proportioning system design is highly dependent upon
pot life, material viscosity, material compatibility, and application
methods.

Material specification data for the epoxy paint materials need to be
evaluated with respect to the proportioning and application system
components prior to specification of the actual system to ensure material
compatibility. The materials used for the pumps and packings need to be
evaluated on a case-by-case basis. Stainless steel and Teflon?
components do not pose compatibility problems with most materials
used in epoxy paint operations.
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Safety and Health:

Benefits:

Disadvantage:

Economic Analysis:

Health concerns are dependent on the variety of paint that is used.
Inhalation of lead- and zinc chromate-based paints can lead to irritation
of the respiratory system. Some lead compounds are carcinogenic.
Solvent-based paints can irritate the lungs and mucous membranes.
prolonged exposure can affect respiration and the central nervous
system. proper personal protective equipment should be used.

Consult your local Industrial Health specialist, your local health and
safety personnel, and the appropriate MSDS prior to implementing any
of these technologies.

The Plural Component Proportioning System for epoxy paints provides
total control of materials from container(s) to application. Machines are
more accurate and can provide more consistent material quality than
hand mixing. Machines can keep pace with higher production
requirements. Machines mix on demand (e.g., as the gun is triggered),
which results in no significant left overwaste. Material cleanup requires
less labor and maintenance, and generates less waste because the mixed
material can be purged with solvent from the manifold, mixer, hose, and
applicator before it cures. The Plural Component Proportioning System
is a closed system and, as a result, there are fewer spills, less
contamination or waste to clean up, and less contact between personnel
and potentially hazardous materials. In addition, the proportioning
system makes bulk purchase of material practical.

Plural component proportioning and application systems need to be
designed for specific applications.

Capital costs for plural component proportioning systems can range
from $50,000 to $70,000 for systems that mix multiple materials to
$6,000 to $7,000 for basic units that mix two materials. Applicator
systems are additional and their capital costs can range from $500 to
$5,000. Each application needs to be evaluated on a case-by-c