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FOREWORD

With the recognition of the health problems posed by airborne "
asbestos fibers released from building insulation systems, the Navy has
investigated various measures that abate the hazard. The encapsulation
or sealing of asbestos fibers into their existing insulation matrix is
one acceptable abatement procedure. It is generally less expensive than
removing the insulation, and sometimes is an appropriate choice for the
Naval Facilities Establishment. Paint and coating manufacturers have '0
responded to the need for encapsulants by offering a wide variety of
materials. However, there currently are no standards that set perfor-
mance criteria for these encapsulant materials; thus, the burden is
placed on the consumer to make an informed decision about which product
will work best for each situation. This document introduces the Naval
Facilities architect or engineer to encapsulant materials, established 0

and planned testing criteria, application techniques, the advantages and
drawbacks of the use of encapsulants, and a guide specification for
encapsulation of asbestos-containing insulation materials.
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I TRODUCTION

The Naval Civil Engineering Laboratory (NCEL) was tasked by the
Naval Facilities Engineering Command (NAVFAC) to investig te the current
state-of-the-art of encapsulating agents arid their application methods
for use on friable insulation materials (FIM) containing asbestos at
Navy installations.

With approximately 200 shore facilities insulated with friable
materials containing asbestos in various amounts and states of repair, V
the cost of hazard abatement is awesome, For this reason, NAVFAC has
devised a system of prioritization by hazard severity and, at the same
time, directed research into various techniques for asbestos fiber con-
tainment as opposed to completely removing the insulation. One such
technique, encapsulation, provides an impervious coating on an insula-
tion system to prevent the fallout of health-damaging microscopic
fibers.

The encapsulation of asbestos-containing materials is a new field
in the construction industry as well as for architects and engineers
involved in such projects. This document informs the Naval facilities
engineer and architect on how to select the appropriate encapsulation
method, the choices of available materials and application techniques,
material testing standards, and problems associated with encapsulation
projects. The information was developed through NCEL's own research,
pertinent literature, and contacts with manufacturers, construction con-
tractors, and industry associations.

BACKGROUND

Friable insulating material (FIM) is defined as any insulation that
can be collected by pushing or boring a plastic sampler into, or moving
a scraper across, the surface of the material. Ease of sampling consti-
tutes a measure of the friability of the material. FI suspected of or
actually containing asbestos is separated into three general categories:
(1) fibrous insulation, (2) granular/cementitious insulation, and
(3) insulating/fireproofing concrete.

Typical fibrous insulation that contains asbestos is sprayed on, is
generally very soft and resilient to the touch, and is either tamped
smooth or left with a rough, irregular surface after application.

Granular/cementitious FIM has a coarse, sandy appearance and is
generally used for sound absorption and decorative purposes. It feels
hard to the touch, and yet is susceptible to mechanical surface abra-
sion. The material known as "acoustical plaster" falls into this cate-
gory.

1 -



F
Insulating/fireproofing concrete FIM often has a foamy appearance

" and may contain vermiculite or mica. It can vary in feel from soft and

spongy to very hard. This type of FIM is used for fireproofing of steel
and concrete structural members. Although it is often out of sight
behind furred walls and ceilings, it still poses a potential hazard
during renovation or if exposed to the airstream in plenums.

Each application is unique because of the various types, mixes, arid
quantities of asbestos fibers used, other added non-asbestos fibers, and
the many kinds of fillers/strengtheners and binding agents. This wide
variety of materials and insulation systems poses problems in the selec-
tion of compatible encapsulating agents.

The recommended methods of abating asbestos hazards in facilities
are: the installation of an enclosure system, encapsulation, or
complete removal. These three methods are briefly addressed in
Reference 1.* R,ference 1 should be referred to for background infor-
mation on the evaluation techniques of asbestos hazards.

ENCAPSULATION OF FRIABLE INSULATION MATERIALS CONTAINING ASBESTOS

What Is Encapsulation, and What Is Its Purpose?

Encapsulation, in the context of this document, is the application
of a liquid material, the encapsulant, on friable insulation containing
asbestos. The term encapsulant is often used synonymously with sealer,
sealant, and coatings. Encapsulants currently available include water-
based latex polymers, water-soluble epoxy resins, and organic solvent-
based polymers. The purpose of applying an encapsulant is to lock the
asbestos fibers into their existing insulation matrix and prevent them
from being jarred loose and becoming airborne.

In buildings, most of the potential health hazard from asbestos
stems from microscopic asbestos fibers suspended in air that are sub-
sequently inhaled. The airborne fibers are the result of fallout from
asbestos-containing insulation caused by various factors such as: acci-
dental disturbance, aging of the insulation matrix, building vibrations,
vandalism, strong air currents moving across the surface, and water
damage.

When Should Encapsulation Be Considered?

Encapsulants should be applied only to sound insulation material.
Prime prerequisites for encapsulation are:

e The asbestos-containing material must firmly adhere to its sub-
strate.

e The asbestos-containing material has good cohesive strength.

*Naval Civil Engineering Laboratory. Technical Report R-833: Manage-

ment procedure for assessment of friable asbestos insulating material,
by E. E. Lory and D. S. Coin, of VSE Corp. Port Hueneme, Calif., Feb
1981.
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* The asbestos-containing insulation is generally undamaged.

- Water damage (plumbing or roof leaks) has not occurred and is
not likely to occur in the future.

. Mechanical damage due to accidental contact or vandalism is not
likely to occur.

* Frequent maintenance or repair of building components buried or
covered by the insulation is not required.

If all of the afor.imentioned conditions permit the installation of an
encapsulant, the ramifications and possible deleterious effects of its
application must be considered:

I Since most encapsulants have a very low coverage rate, i.e.
between 10 and 50 square feet per gallon, a great weight is
initially applied to the insulation until the vehicle of the
encapsulant evaporates. This added load could pull the fiber
matrix apart or cause it to delaminate from the substrate.

9 Most encapsulants are water-based. They could possibly dissolve
certain water-soluble binders originally used in the insulation
and cause the system to fail.

* Most encapsulants make the insulation impervious to water. If
some or all of the insulation will have to be removed at a later
date, it will be impossible to employ a "wet method," as recom-
mended by the Environmental Protection Agency (EPA). Therefore,
it will make efficient fiber control more difficult and more
expensive.

e If the asbestos-containing insulation has been installed as
fireproofing, the application of an encapsulant could derate it
by lowering its fire retarding value.

' Insulation installed for acoustical control like the acoustical
plasters, could be affected. Coating these surfaces with an
encapsulant will lower their sound-absorptive quality and neces-
sitate additional and remedial work.

To take the guesswork out of making the right assessment, two
guidelines are established.

e The softer, thicker, and more fibrous an insulation material
appears, the less suitable it is for an encapsulant. A rule of
thumb is not to encapsulate highly fibrous insulation over 1
inch thick. Hard insulatiens like granular/cenmentitious mate-
rial, fireproofing, and acoustical plasters lend themselves more
to encapsulation.

3
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e If a Naval facility with asbestos-containing insulation has a
history of being renovated and modified because of changing mis-
sion requirements, an encapsulation project should riot be con-
sidered. Removing the insulation completely in conjunction with
such renovation is recommended.

Table I lists a simplified decision tree that encompasses the criteria
to be considered before the encapsulation abatement method is selected.

It is evident that the encapsulation method has only limited appli-
cation in Navy facilities, particularly since some parameters in the
evaluation are unknown and only educated guesses are possible. The
overriding fact is that the source of asbestos-fiber pollution will
still remain and is only sealed off from the breathing air environment.

Research conducted during well-documented encapsulation work on
fibrous asbestos insulation has shown that fiber contamination can

UI exceed the permissible Threshhold Limit Value (TLV) of 2 fibers per
cubic centimeter (2 f/cc). Therefore, a project of this nature will
have to comply with all safety precautions promulgated by EPA and the
Occupational Safety and Health Act (OSHA), as stated in Reference I and
work procedures described in the Appendix* of this report.

In those cases in which encapsulation meets the OSHA standards, it
is the least costly alternative among the asbestos hazard abatement mea-
sures. It is prudent, therefore, to consider its value and when its
application is suitable, to prepare cost estimates for all alternatives
and compare the cost and benefits of each.

WHAT ENCAPSULANT MATERIALS ARE AVAILABLE?

Encapsulant Composition

Encapsulants have three basic component parts: (1) the volatile
vehicle (solvent or dispersant), (2) the non-volatile vehicle (resin),
and (3) the pigment. The resin component is dissolved or dispersed in
the solvent so that the finely ground pigment dispersed in the mixed
vehicle is the only solid material present in the coating. The solvent
evaporates into the atmosphere as the coating cures and, therefore, is
not present in the cured film. The resin (sometimes called binder) is
composed of one or more polymers or prepolymers that form a continuous
film upon curing. Accordingly, coatings are classified generically by
the type of resins used in their formulations. Common types of encap-
sulating agent resins include: butyl-rubber emulsion, acrylic, acrylic-
epoxy, polyvinyl acetate copolymer, silicate hydrate, and potassium
silicate.r

kNAVFAC Guide Specification (NFGS-09876) entitled, "Encapsulation of

Asbestos Materials."

4
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* Table 1. Decision Tree For/Against Encapsulation

Y E S - nsulation is highly fibrous, soft and N
Ufiber bundles are protruding from surface.

-*--YES Insulation is extensively damaged

(more than 10-'0' of surface area). N

NO

I YES Insulation has poor adhesive strength.

IY -- E S Insulation has poor cohesive strength.

NO

-- ¥-ES Water damage is apparent or is likely N

: to occur in future.

YES Insulation could be subjected to
mechanical damage or vandalism.

0NO

Y - ES Insulation covers items that frequently:. require maintenance or repair.I

I- NO

-- *"--YES- Frequent renovation requires partial
removal of insulation.I

ENCAPSULATION IS NOT ENCAPSULATION IS A POSSIBLE 1tRECOMMENDED ALTERNATIVE TO REMOVAL
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The primary pigments used in coatings are opaque and, thus, impart
hiding as well as color. Because titanium dioxide has more opacity than
other primary pigments, it is used extensively in both white drid colored

A coatings. Secondary pigments include: (1) fillers, such as talc to
regulate flow, brushability, etc.; (2) fibers to increase reinforcement;
and (3) flakes to reduce water permeability or increase abrasion resis-
tance.

Other- materials, such as driers, plasticizers, and emulsifiers are
added to coatings to create special properties. For laboratory pur-
poses, they are considered to be part of the resin or pigment, depending
upon their solubility.

While all solvent is lost after the coating has cured, the propor-
tions of resin arid pigment remain the same.

Types of Encapsuldnt

Encapsulants are classified into two categories by the nature of
their- performance: bridging and penetrating.

Bridging encapsulants are designed to form an impervious coating
(membrane) over the asbestos-containing insulation material to prevent
any fibers from becoming dislodged and airborne. Ideally, this coating
should be tough, continuous, have vapor permeability only in one direc-
tion (from the insulation side) and be aesthetically acceptable since it
is usually visible. Encapsulants in this group are above 35,, solid
content arid have high viscosities (greater than 1,000 centipoises).
Figure I is a surface detail of an installed bridging encapsulant
enlarged by a scanning electron microscope (SEM) and show- a relatively
continuous membrane.

Penetrating encapsulants are designed to be absorbed, to the sat-
uration point, into the asbestos-containing insulation material. Upon
curing, the fiber matrix of the insulation system shiuld be locked or
"glued" together, thus preventing fibers from becoming airborne. The
penetrating encapsulants are low in solids (maximum 35,) and have low
viscosities (usually less than 100 centipoises). Figure 2 is a detailed
SEM photograph of an installed penetrating encapsularit in which the
globules of sealant can be seen spanning some fibers and only coating
the surface of others.

Choosing the Correct Encapsulant

Since bridging encapsulants only treat the surace and do not en-
hance the cohesive properties of the insulation matrix, they should be
selected as a coating for insulations that are strong and cohesive due
to the nature and proportions of their ingredients. These are generally
of the granular/cementitious (acoustical plasters) and the fireproofing
variety. Because these insulations are denser, their surface pores can
be more easily bridged by the coating. Also, because of their hard,
rubber-like compressibility, the encapsulants need not have a great
amount of elasticity or resilience to impact.

6
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Penetrating encapsulants are more appropriate for use on softer
insulations with a high-fiber content. If the asbestos-containing mate-
rial has a spongy resilience, a penetrating sealant should be used. If
the insulation is thin enough, the encapsulant will penetrate to the
substrate and increase the adhesive bond.

Published Material Specifications and Performance
Criteria for Encapsulants

PI To date performance standards and test criteria for encapsulants
have not been established. It is, therefore, difficult for the speci-
fier and designer to choose an encapsulant that can be expected to per-
form well on an existing insulation.

The EPA recently completed a study that evaluated 100 sealants.
The sealants were categorized into bridging and penetrating encapsulants
and were tested for toxic gas release, impact strength, flexibility,
abrasion resistance, and adhesive and cohesive strength. The results
from these tests were used to collectively rank the encapsulants in
order of their quality of performance. A small number of sealants with
the highest quality scores was selected and subjected to further testing
for surface flammability by the ASTM E-162 method. This test has been
the only one to yield a hard pass/fail grade that is recognized by
industry and code officials. This should be kept in mind when studying
the current sales and promotional literature of encapsulant manufac-
turers.

Because of the lack of standard performance criteria for a
singular-use material such as an encapsulant, Government and industry
have asked the American Society for Testing and Materials (ASTM) to
develop a standard specification. An ASTM task group is currently
working on such a standard and is expected to have it published in 1983
under the title: "Standard Specification for Encapsulating Agents for
Friable Asbestos-Containing Building Materials." This new standard will
cover both laboratory and field tests, will incorporate existing test
methods, and will specify new procedures particularly applicable to the
expected performance of encapsulants.

APPLICATION METHODS FOR ENCAPSULANTS

6g Application methods are almost as numerous as there are types of
sealants. The application process should minimize the dislodging and
dispersing of the asbestos fibers. Therefore, the specific instructions
accompanying the encapsulating product should be closely followed. It
is advisable that, for more extensive projects, the sealant manufac-
turer's representative be on site to assist the contractor in deter-

eI mining the correct application techniques.
Airless spray is the most common method employed in sealant appli-

cation. To minimize fiber disturbance, the pump and nozzle pressures
should be adjusted as low as possible and still be compatible with the
product being sprayed. In order to apply the maximum amount of sealant
that the insulation will accept, various misting and saturation tech-
niques are used during the application process. The purpose of the

. 9
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light mist is to seal loose fibers into the surface. Each sucLcding
coat should be applied at right angles to the preceding application
insofar as practicable. This application technique for bridging encap-
sulants should prevent any holes or voids from being formed in the mem-
brane.

A less frequently used method is roller application. Since some
amount of pressure on the roller is needed to work the sealant. in
(squeezing the coating into all holes and voids), mecoanical disturbance

2of the insulation is likely to occur. This method should be employed
with bridging encapsulants on hard, dense asbestos-containing insulation
only.

Before the sealant application begins, all loose insulation mate-
rial from isolated, damaged areas should be cut off. Adjacent surfaces
not being sealed should be protected from overspray.

The rate of coverage depends primarily on the individual insulation
matrix. The higher the density or the thinner the insulation, the less
sealant will be needed. Coverage rates may range from 10 square feet
per gallon to 60 square feet per gallon for penetrating sealants, to
from 40 square feet per gallon to 120 square feet per gallon for
bridging sealants. The amount needed will not be known until a signifi-
cant portion of insulation has been encapsulated. This poses a problem
for contractors estimating on a lump-sum bid and estimators preparing a
Government cost estimate, particularly for projects where penetrating
sealants are specified. It is, however, feasible to specify an average
minimum coverage rate based on an educated guess and to negotiate with
the contractor if more encapsulant is needed.

SIGNIFICANCE OF FIELD TESTING AND INSPECTION

If an encapsulation project is contemplated for more than 10,000
square feet of asbestos-containing insulation, the preparation of test
patches is recommended. This will eliminate much of the guessing that
is uniqLe to encapsulation. A small contract should be awarded to
encapsulate three test patches, each 50 square feet in size, using three
sealants thought to be most suitable for the existing insulation matrix.
Manufacturers' representatives should be on site with the contractor and
Government representatives to monitor the application techniques and

-' ensure that the desired results will be duplicated in subsequent ma.ior
construction contracts. After the three test patches have cured, a
field test should be done in accordance with the ASTM method. The test
results should be documented. A sole source authority may have to be
obtained to specify the sealant that gives the best performance.

The importance of test patches cannot be overemphasized. There
4 have been many projects where the entire insulation had been sealed,

only to fail soon thereafter. Of equal importance is to have the manu-
facturer represented, since he knows his product best and has probably
had valuable experience with similar encapsulation projects.

The preparation of test patches provides a further indication of
whether encapsulation is a suitable solution at all. Figure 3 shows a

4 bridging encapsulant that did not completely bridge. Although this
photograph was taken with an SEM, the voids were noticeable to the naked

10



eye upon close scrutiny or with the aid of a magnifying glass. When
using the ASTM field test method, a plug must be cut from the encap-
sulated insulation matrix. A plug sample will indicate, as in Figure 4,
how deep the sealant has penetrated the insulation matrix. A plug

* sample can clearly indicate if good penetration to the substrate was
achieved.

SPECIFICATION PREPARATION AND CONTRACT INSPECTION

The specifications for major projects should call for an encapsula-
tion system that will provide the best performance of the three products
tested. For projects of limited areas, i.e., less than 10,000 square
feet, three products having the greatest promise can be listed. Despiteg some manufacturer's claims, airborne asbestos fiber concentrations can
rise quite significantly during encapsulation. Therefore, all precau-
tions such as separation barriers, filtered exhaust ventilation, worker
protection, and environmental air monitoring must be observed.

The sealant application requires close inspection by the Govern-
ment. The contractor should be held to the same quality of installation

V as the test patch demonstrated. The coverage rate is the best indicator
of acceptable contractor perfornmance and full depth of dry-film cover-
age; thus, the inspector should assure that a consistent rate (xx square
feet per yy gallon) is applied. Many contractors, painters in particu-
lar, use coverage rates as high as 250 square feet per gallon and have
difficulty understanding why the desired rate is usually specified as
10 square feet per gallon.

SUMMARY

The encapsulation of asbestos-containing materials is a new field
in the construction industry as well as for architects and engineers
involved in such projects. Many variables involved in encapsulation of
FIM containing asbestos should be considered before selecting and speci-
fying encapsulation systems. Hasty decisions can be very costly.

Field tests should be performed to form the basis for these speci-
fications. Standard methods and textbook procedures for coating systems
in general cannot be adapted because the existing building material
being encapsulated is usually different for each installation. For
example, the building can be between 15 and 45 years old, in various
stages of repair, or contain several unknown ingredients. Although
RDT&E of encapsulant materials and their applications can provide some
degree of standardization and design guidance, architects, engineers,

* and specifiers should thoroughly evaluate the existing conditions and
use the best engineering judgment in selecting suitable materials and
systems to properly abate the asbestos hazard.
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Figurc 3. A failCLd bridging encapsulant tak.en with an SEA.
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DEPARTMENT OF THE NAVY
NAVAL FACILITIES
ENGINEERING COMMAND
GUIDE SPECIFICATION

SECTION 09876

ENCAPSULATION OF ASBESTOS AATERIALS (A)

PART I - GENERAL

1.1 APPLICABLE PUBLICATIONS: The publications listed below form a part (C)
of this specification to the extent referenced. The publications are
referred to in the text by the basic designation only.

1.1.1 Code of Federal Regulations (CFR) Publications:

29 CFR 1910.1001 Asbestos

29 CFR 1910.134 Respiratory Protection

29 CFR 1910.145 Specifications for Accident Prevention
Signs and Tags

40 CFR 61, Subpart A General Provisions

40 CFR 61, Subpart B National Emission Standard for Asbestos

1.1.2 American National Standard Institute (ANSI) Publications:

Z9.279 Fundamentals Governing the Design and
Operation of Local Exhaust Systems

Z88.280 Practices for Respiratory Protection

1.1.3 American Society for Testing and Materials (ASTM)

ASTM Standard (future) will be issued in near future.

1.1.4 National Institutes for Occupational Safety and Health (NIOSH)

77-173 NIOSH Occupational Exposure Sampling Strategy Manual.

1.2 ENCAPSULATION AND DISPOSAL:

1.2.1 Description of Work: The work covered by this section includes
the encapsulation of friable materials containing asbestos and proce-
dures and equipment required to protect workers and occupants of the
building or areas, or both, from contact with airborne asbestos fibers.

0O00XXXX ()
09876-1
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The work also includes the disposal of asbestos-containing and contami-
nated materials. The asbestos work involves the encapsulation of

encapsulation project is defined as (F)

1.2.2 Definitions:

1.2.2.1 Encapsulant: The term encapsulant is used synonymously with
sealant or coating. Encapsulants are of two kinds: those that pene-
trate the sprayed material and those that cover or bridge the material
with a protective coating.

1.2.2.2 Asbestos: The term asbestos includes chrysotile, amosite,
crocidolite, tremolite, anthophyllite, and actinolite.

1.2.2.3 Asbestos Control Area: An area where asbestos encapsulation
operations are performed which is isolated by physical boundaries to
prevent the spread of asbestos dust, fibers, or debris.

1.2.2.4 Asbestos Fibers: This expression refers to asbestos fibers
having an aspect ratio of 3:1 and longer than 5 micrometers.

1.2.2.5 Ceiling Concentration: A concentration of airborne asbestos
fibers at any time in excess of 10 fibers, longer than 5 micrometers,
per cubic centimeter of air.

1.2.2.6 Area Monitoring: Sampling of asbestos fiber concentrations
within the asbestos control area and outside the asbestos control area
which is representative of the airborne concentrations of asbestos
fibers which may reach the breathing zone. Sampling is to be conducted
under NIOSH procedures and guidelines.

1.2.2.7 Friable Asbestos Material: Material that contains more than
one percent asbestos by weight and that can be crumbled, pulverized, or
reduced to powder by hand pressure when dry.

1.2.2.8 HEPA Filtered Equipment: High Efficiency Particulate air fil-
tered equipment with a filter system capable of collecting and retaining

*0 asbestos fibers. Filters shall be at least 99.97 percent efficient for
retaining fibers of 0.3 microns or larger.

1.2.2.9 Personal Monitoring: Sampling of asbestos fiber concentrations
within the breathing zone of an employee. Sampling performed to NIOSH
Standards.

1.2.2.10 Time Weighted Average (TWA): A minimum of three samples are
required to establish the 8-hour time weighted average. The TWA is an
8-hour time weighted average airborne concentration of fibers, longer
than 5 micrometers, per cubic centimeter of air.

00-00-XXXX
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1.2.3 Title to Materials: All work resulting frut;, encapsulation work,
except as specified otherwise, sho, I becumw the property of the Con-
trictor and shall be disposed of as specified herein.

1.2.4 Protection of Existing Work to Relain:" Perform encapsulation
without damage or contamination of adjacent work. Where such work is
damaged or coitdminated, it shall be restored to its original condition.

1.2.5 Medical Requirements: 29 CFR 1910.1001.

1.2.5.1 Medical Examinations: Before exposure to airborne asbestos
fibers, provide workers with a comprehensive medical examination as
required by 29 CFR 1910.1001. This examination is not required if ade-
quate records show the employee has been examined as required by 29 CFR
1910.1001 requirements within the past year. The same medical examina-
tion shall be given on an annual basis to employees engaged in an occu-
pation involving asbestos fibers and within 30 calendar days before or
after the termination of employment in such occupation. Specifically
identify x-ray films of asbestos works to the consulting radiologist and
mark medical record jackets with the word "ASBESTOS."

1 i.2.5.2 Medical Records: Maintain complete an accurate records of

employees' medical examinations for a period of [40] [20] [ ] years (G,)
after termination of employment and make records of the required medical
examinations available for inspection and copying to: The Assistant
Secretary of Labor for Occupational Safety and Health, The Director of
The National Institute for Occupational Safety and Health (NIOSH),
authorized representatives of either of them, and an employee's physi-
cian upon the request of the employee or former employee.

1.2.6 Training: Within 3 months prior to assignment to asbestos work,
instruct each employee with regard to the hazards of asbestos, safety
and health precautions, and the use and requirements for protective
clothing and equipment including respirators. Fully explain and demon-
strate engineering and work practice techniques and procedures.

1.2.7 Permits and Notifications: Secure necessary permits in conjunc- (11)
tion with the asbestos encapsulation, hauling, and disposition and pro-

*6 vide timely notification of such actions as may be required by federal,
state, regional, and local authorities. Notify the Regional Office of
the United States Environmental Protection Agency (USEPA) in accordance
with 40 CFR 61.22 (d)(1) and provide copies of the notification to the
Contracting Officer and the State Environmental Regulatory Agency 20
days prior to commencement of the work.

1.2.8 Safety Compliance: In addition to detailed requirements of this
specification, comply with laws, ordinances, rules, and regulations of
federal, state, regional, and local authorities regarding handling,
storing, transporting, and disposing of asbestos waste materials. Comply

O0-OO-XXXX
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with the applicable requirements of the current issue ot 29 CFR
1910.1001 and 40 CFR 61, Subparts A and B. Submit matters of interpre-

'-Y tation of standards to the appropriate administrative agency for- resolu-
tion before starting the work. Where the requirements of this specifi-
cation and referenced documents vary, the most stringent requirement
shall apply.

1.2.9 Respirator Program: Establish a respirator program as required
by ANSI Z88.2 and 29 CFR 1910.134.

1.2.10 Industrial Hygienist: Conduct air monitoring and training by or
under the direction of an industrial hygienist certified by the American
Board of Industrial Hygiene ,, the Comprehensive Practice of Industrial
Hygiene.

Cu 1.3 SUBMITTALS: The following items shall be submitted to and approved
by the Contracting Officer prior to commencing encapsulating material

involving asbestos materials.

1.3.1 Encapsulant: Submit 3 quarts of encapsulating material in manu-
facturer's unopened containers with certificate of compliance with ASTM

Encapsulant shall be water based.

1.3.2 Certificates of Compliance: Submit manufacturers certification
that vacuums, ventilation equipment, and other equipment required to
contain airborne asbestos fibers conform to ANSI Z9.2.

1.3.3 Asbestos Plan: Submit a detailed plan of the work procedures to
be used in the encapsulation of materials containing asbestos. Such plan
shall include the location of asbestos control areas, change rooms, lay-
out of change rooms, interface of trades involved in the construction,
sequencing of asbestos related work, disposal plan, asbestos encapsulant
to be used, air monitoring procedures, and a detailed description of the
method to be employed to control pollution. This plan must be approved
prior to the start of any asbestos work.

1.3.4 Testing Laboratory: Submit the name, address, and telephone
number of the testing laboratory selected for the monitoring of airborne
concentrations of asbestos fibers along with certification that persons
counting the samples have been judged proficient by successful partici-
pation in the National Institute for Occupational Safety and Health
(NIOSH) Proficiency Analytical Testing (PAT) Program.

1.3.5 Industrial Hygienist: Submit the name, address, and telephone
* number of the industrial hygienist selected to direct monitoring and

training, and certification of the industrial hygienist by the American
Board of Industrial Hygiene.

O0-O0-xxxx
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1.3.6 Monitoring Results: Fiber counting shall be completed and
results reviewed by the industrial hygienist within 16 hours. The
industrial hygienist shall notify the Contractor and the Contracting
Officer immediately of any exposures to asbestos fibers in excess of the
acceptable limits. Submit all monitoring results to the Contracting
Officer within 3 working days.

1.3.7 Notification: Notify the Contracting Officer 3 working days
prior to the start of asbestos work.

1.3.8 Landfill: Submit written evidence that the landfill for disposal (I)
is approved for asbestos disposal by the USEPA and state or local regu-
latory agency(s).

1.3.9 Local Exhaust System: Pressure differential recordings for each (.I)
work day shall be monitored and reviewed by the contractor and submitted
to the Contracting Officer within 24 hours from the end of each work
day. The Contractor shall immediately remedy any variance in the pres-
sure differential which could cause exposure of adjacent unsealed areas
to asbestos fiber concentrations in excess of the TWA.

e 1.3.10 Training: Submit certificates signed by each employee that the
employee has received training in the proper handling of materi'als that
contain asbestos; understands the health implications and risks
involved, including the illnesses possible from exposure to airborne
asbestos fibers; understands the use and limits of the respiratory
equipment to be used and understands the results of monitoring of air-
borne quantities of asbestos as related to health and respiratory equip-
ment.

PART 2 - EXECUTION

2.1 MATERIAL: Conform to ASTM The encapsulant shall be
[penetrating] [bridging] type [a combination of bridging and pene-
trating].

2.2 EQUIPMENT: At all times, make available to the Contracting Officer
for personal use two complete sets of protective equipment as required (K)

41 herein for entry to the asbestos control areas for inspection of the
asbestos control areas.

2.2.1 Respirators: Select respirators from those certified by the Mine
Safety and Health Administration (MSHA), Department of Labor, or the
National Institute for Occupational Safety and Health (NIOSH), Depart-

* ment of Health and Human Services.

2.2.1.1 Respirators for Handling Asbestos: Provide personnel engaged
in the application of encapsulants on asbestos materials with Type C
supplied-air respirators, continuous flow or pressure demand class.

O0-OO-XXXX
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2.2.2 Special (-lothing:

2 2.2.2.1 Protective Clothing: Provide personnel exposed to airborne
concentrations of asbestos fibers with fire retardant disposable pro-
tective whole body clothing and headcoverings, gloves, and foot cover-
irgs. Provide disposable plastic or rubber gloves to protect hands.
Cloth gloves may be worn inside the plastic or rubber gloves for com-
fort, but shall not be used alone. Make sleeves secure at wrists and
Make foot coverings secure at the ankle by the use of tape.

2.2.2.2. Work Clothing: Provide cloth work clothes for wear under the
disposable protective coveralls and foot coverings.

2.2.3 Change and Decontamination Rooms: Provide a temporary unit with
a separate decontamination locker room and a clean locker room for per-
sonnel required to wear whole body protective clothing. Provide two
separate lockers for each asbestos worker, one in each locker room.
Keep street clothing and street shoes in the clean locker. Vacuum arid
remove asbestos contaminated disposable protective clothing while still
wearing respirators at the boundary of the asbestos work area and seal
in impermeable bags or containers for disposal. Do not remove dispos-
able protective clothing in the decontamination locker room. Remove

As cloth work clothing in the decontamination room. Tag and bag cloth work
clothes for laundering and keep work shoes in the decontamination
locker. Do not wear work clothing between home and work. Locate
showers between the decontamination locker room and the clean locker
room and require that all employees shower before changing into street
clothes. Clean asbestos-contaminated work clothing in accordance with

* 29 CFR 1910.1001.

2.2.4 Eye Protection: Provide goggles to personnel engaged in asbestos
operations when the use of a full face respirator is not required.

Oo-o0-XXXX
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2.2.5 Caution Signs and Labels. Provide Lbilinguall caution signs at
all approaches to asbestos control areas conaining coiicntrtions of
airborne asbestos fibers. Locate signs at such a distance that per-
sonnel may read the sign and take the necessary pr-otective steps
required before entering the area. Provide labels and affix to all
asbestos materials, scrap, waste, debris, and other- products contai,-
nated with asbestos.

2.2.5.1 Caution Sign: Vertical for'mat conforming to 29 CFR
1910.145(d)(4), inimum 20 by 14 inches.

2.2.6 Tools and Local Exhaust System: Provide a local exhaust system (I)
in the asbestos control area. The local exhaust system shall be in
accordance with ANSI Z9.2. Equip exhaust with absolute (HEPA) filters.
Lucal exhaust equipment must be sufficient to maintair a minimum pres-
sure differential of minus 0.02 inch of water colu,.:i relative to adja-
cent unsealed areas. Provide continuous 24-hour per day ;;ionitoring of
the pressure differential with an automatic recording instrument. In no
case shall the building ventilation system be used as the local exhaust
system for the asbestos control area.

2.3 WORK PROCEDURE: Perform asbestos related work in accordance with
.29 CFR 1910.1001 and as specified herein. Personnel shall wear and

utilize protective clothing and equipment as specified herein. Eating,
smoking, or drinking shall nut be permitted in the asbestos control
area. Personnel of other trades not engaged in the encapsulation of
asbestos shall not be exposed at any time to airborne concentrations of
asbestos unless all the personnel protection provisions of this specifi-
cation are complied with by the trade personnel. Shut down the building
heating, ventilating, and air conditioning system (and provide temporary
heating, ventilation, and air conditioning).

2.3.1 Furnishings: Furniture ( ) and equipment will be removed (L)
from the area of work by the Government before asbestos work begins.

f . **OR**

2.3.1 Furnishings: Furniture ( ) and equipment will remain in the (L)
building. Cover all furnishings with 6-mil plastic sheet and seal with
tape.

I' **OR**

2.3.1 Furnishings: (Furniture,) (books,) (equipment,) (carpeting,) (L)
(draperies,) (venetian blinds,) and ( ) in the work area (is) (are)
contaminated with asbestos fibers. Transfer these items to an area on
site approved by the Contracting Officer set aside for cleaning (wet
cleaning where possible or HEPA filter vacuuming) and then store until
the room from which they came is declared clean and safe for entry.

00-O0-XXXX
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(Carpets, draperies, and other items which iiay not be suitable for on-
site wet cleaning methods shall be laundered in accordance with 29 CFR
1910.1001.) At the conclusion of the asbestos encapsulation work and
cleanup operations, transfer all objects so remioved and cleaned back to
the area from which they came and re-install them.

2.3.2 Masking and Sealing:

2.3.2.1 Asbestos Control Area Requirements: Seal openings in areas ()
where the release of airborne asbestos fibers is expected. Establish an
asbestos control area with the use of curtains, portable partitions, or
other enclosures in order to prevent the escape of asbestos fibers from
the contaminated asbestos control area. In all possible instances, con-
trol area development shall include protective covering of walls and( ceilings with a continuous membrane of one layer of minimum 4-mil
plastic sheet sealed with tape to prevent water or other damage. Pro-
vide two layers of 6-mil plastic sheet over floors and extend a minimum
of 12 inches up walls. Seal all joints with tape. Provide a local
exhaust system in the asbestos control area. Openings will be allowed
in enclosures of asbestos control areas for the supply and exhaust of

'4air for the local exhaust system. Replace filters as required to main-
tain the efficiency of the system.

(2.3.2.2 Asbestos Control Area Requirements: The construction of an
enclosed asbestos control area is impractical for the encapsulation of

___located __. Establish designated limits for the asbestos work
area. With the use of rope or other continuous barriers maintain all
other requirements for asbestos control areas. Conduct area monitoring
of airborne asbestos fibers during the work shift at the designated
limits downwind of the asbestos work area at such frequency as recom-
mended by the Industrial Hygienist. If the quantity of airborne asbes-
tos fibers monitored at the designated limits at any time reaches the
time-weighted average specified, evacuate personnel in adjacent areas or
provide personnel with approved protective equipment. If adjacent areas
are contaminated, clean the contaminated areas, monitor, and visually
inspect the area as specified herein.)

2.3.3 General Procedures; Before the application of encapsulant mate-
ridl, selectively remove by cutting all loose and surface-damaged por-
tions of the insulation. Pretreat hose areas with amended water.

2.3.4 Application of Encapsulant: Apply the encapsulant in accordance
with the manufacturer's recommended application instructions. Prepare
three test patches, size 3 feet by 3 feet minimum, in different, yet

4typical, areas of the building. Fully cure the test patches and take
samples. For bridging types, cut a sample to measure dry film thick-
ness. For the combination per/bridging and penetrating type, cut a plug
sample to measure depth of penetration. In the presence of the Con-
tracting Officer, determine if the encapsulation material and applica-
tion technique are acceptable in accordance with ASTM ____

00-00-xxxx
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2.3.5 Monitoring: Monitoring of airborne concentrations of asbestos
fibers shall be in accordance with 29 CFR 1910.1001 and as specified

-~ herein.

2.3.5.1 Monitoring Prior to Asbestos Work: Provide area monitoring and
establish the Reference TWA one day prior to the miasking and sealing
operations for each asbestos control area.

2.3.5.2 Monitoring During Asbestos Work: Provide personal and area
monitoring and establish the TWA during the first exposure to airborne
concentrations of asbestos. Thereafter, provided the samie type of work
is being performied, provide area monitoring once every 4 hours during
the work shift inside the asbestos control area, outside the entrance to
asbestos control area, and at the exhaust opening of the local exhaust
system. If monitoring outside the asbestos control area shows airborne
concentrations have reached the specified TWA, stop all work, correct
the condition(s) causing the increase, and notify the Contracting
Officer immediately. (In areas where the construction of an asbestos (N)
control area is not required, establish initial (reference) TWA's and,
provided the same type of work is being performed, conduct monitoring at
the designated limits of the asbestos work area at such frequency as

1 recommended by the Industrial Hygienist.)

2.3.5.3 Monitoring After Final Clean-Up: Provide area monitoring of
asbestos fibers and establish the TWA of less than 0.5 fibers/cc after
final cleanup but before removal of the enclosure of the asbestos con-
trol area. Provide area monitoring and establish the TWA 5 days and 15
days, [and 30 days] after the enclosure of the asbestos control area is
removed (or after final cleanup when an enclosure is not required.) The ()
fiber counts from these samples shall be less than 0.5 fibers/cc or be
not greater than the Reference TWA, whichever is less. Should any of
the final samplings indicate a higher value, the Contractor shall take
appropriate actions to reclean the area and shall repeat the monitoring.

2.3.6 Government Inspection: While performing asbestos encapsulation
F- work, the Contractor shall be subject to onsite inspection by the Con-

tracting Officer who may be assisted by safety or health personnel. If
the work is found to be in violation of this specification, the Con-F tracting Officer will issue a stop work order to be in effect immedi-
ately and until the v ation is resolved. Standby time, required to
resolve the violation, shall be at the Contractor's expense.

2.4 CLEAN-UP AND DISPOSAL:

2.4.1 Housekeeping: Essential parts of asbestos dust control are
housekeeping and clean-up procedure-,. Maintain surfaces of the asbestos
control area free of accumulations of asbestos fibers. Give meticulous
attention to restricting the spread of dust and debris; keep waste from

Fbeing distributed over the general area. Do not blow down the space
Fwith compressed air. When asbestos encapsulation is complete, all

OO-OO-x xxx
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:,uIated dust and the Contractor shall re-clean all areas showing lust.
If re-cleaning is requi red, noni tor the asbestos airborne concent ration
after re-cleaning. Notify the Contracting Officer before unrestricted
entry is permi tted. The Government shall have the option to pcrform
moni tori ng to cert i fy the dreaS are safe before entry is permitted.

2.4.2 Disposal of Asbestos: (a)

2.4.2.1 Procedure for Disposal: Col lect asbestos waste, masking
debris, and asbestos-contaminated clothing which may produ ce airborne
asbestos fibers and place in sealed impermeable bags. Affix a caution
label to each bag.

Dispose of waste asbestos material (by burial under at least (P)
6 inches of daily compacted cover of nonasbestos materials and by final
cover of at least 2 feet of compacted earth.) (at an Environmental
Protection Agency (EPA) or state-approved sanitary landfill off Govern-
ment property.) For temporary storage, store sealed impermeable bags in
asbestos waste drums or skips. An area for interim storage of asbestos
waste-containing drums or skips will be assigned by the Contracting
Officer or his authorized representative. Procedure for hauling and
disposal shall comply with 40 CFR 61 (Subpart B), state, regional, and
local standards. Sealed plastic bags may be dumped from drums into the
burial site unless the bags have been broken or damaged. Damaged bags
shall remain in the drum and the entire contaminated drum shall be
buried. Uncontaminated drums may be recycled. Workers unloading the
sealed drums shall wear appropriate respirators and personal protective
equipment when handling asbestos materials at the disposal site.

*** END OF SECTION ***
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GENERAL NOTES

1. This guide specification shall not be referenced but is to be used
as a manuscript in preparing project specifications. APPROPRIATE
CHANGES AND ADDITIONS AS MAY BE NECESSARY AND AS REQUIRED BY THE
NOTES MUST BE MADE. Where the phrase "unless indicated or speci-

* fied otherwise", "as indicated", or words of similar import are
used, appropriate requirements, as necessary, shall be included in
the project drawings of specifications.

2. The capital letters in the right hand margins indicate that there
is a technical note pertaining to that portion of the guide speci-
fication. It is intended that the letters in the margins be
deleted before typing the project specifications.

3. Where numbers, symbols, words, phrases, clauses, or sentences in
this specification are enclosed in brackets [ ~a choice or nmodi-
fication must be made; delete inapplicable portion(s) carefully.
Where blank spaces occur in sentences, insert the appropriate data.
Where more than one paragraph has the same number, delete those
paragraphs that are not applicable. Where entire paragraphs are
not applicable, they should be deleted completely.

4. CAUTION: Coordination of this section with other sections of the
specification and with the drawings is nmandatory. If materials or
equipment are to be furnished under this section, but installed,
connected, or placed in operation under other sections of the spec-
ification and/or the drawings, then state that fact clearly and
concisely in this section and in all other sections involved. EACH
DISCIPLINE SHALL REVIEW THE ENTIRE SPECIFICATION TO INSURE THAT
LANGUAGE IS INCLUDED TO PROVIDE COMPLETE AND OPERABLE SYSTEMS AND
EQUIPMENT.

5. DO NOT INCLUDE TABLE OF CONTENTS, GENERAL NOTES, AND TECHNICAL
NOTES IN THIS SECTION IN FINAL MANUSCRIPT.

6. Suggestions for improvement of this specification will be welcomed
and should be forwarded to:

COMMANDER
NAVAL FACILITIES ENGINEERING COMMAND
Code 0432
200 Stovall Street
Alexandria, VA 22332

6
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REFERENCED NOTES

A. This guide specification covers the safety procedures and
requirements for the encapsulation friable material containing
asbestos. On small asbestos encapsulation operations an
"enclosed' asbestos control area may not be required. The
location of the area, type of material, and potential hazard
must be reviewed and a judgment made by the designer. In a
case where an enclosed area is not provided, many of the

4requirements in this specification should be deleted (see
Notes M and N). State type of asbestos as chrysotile, amosite,
or crocidolite

B. Specification, section, and page numbers shall be centered at
the bottom of each page of this section.

EXAMPLE:
00 -O-XX XX

0987 6-1

iC. Paragraph 1.1: The listed designations for publications are
those that were in effect when this guide specification was
being prepared. Designations that are known to be out of date
when project specifications are prepared should be changed to
those current at that time, and the nomenclature, type,
grades, classes, etc., referenced in the guide should be
checked for conforman~ce to the latest revision or amendment.
To minimize the possibility of error, the letter suffixes,
amendments, and dates indicating specific issues should be
retained here and omitted elsewhere in the project specifica-
tion.

D. Paragraph 1.2.1: The most common material in this category is
asbestos insulation. The limits of asbestos encapsulation
must be indicated on the drawings or in the specification in
sufficient detail for the Contractor to submit an accurate
bid. Portions of the building where asbestos work will take
place must be unoccupied during the encapsulation operation.
It is highly recommended in order to reduce exposure risk to
occupants of the building that the entire building be unoccu-
pied during asbestos encapsulation operations. If portions of
the building where asbestos encapsulation is not taking place
must remain occupied, additional requirements niust be added
for temporary heating/cooling and other utilities to the occu-

4pied portions of the building. The building heating/cooling
system for example cannot be operated in the asbestos control
area.

O0-OO-X XXX
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E. Paragraph 1.2.1: Insert the asbestos material to be encapsu-
lated in the first blank and the location of the material in
the second blank. Example: "The asbestos work includes the
encapsulation of asbestos insulation located on ceiling in the
boiler room."

*F. Paragraph 1.2.1: Insert the location of the asbestos control
area in the blank. The asbestos control area is the area
where asbestos operations are performed and is isolated by
physical boundaries to prevent the spread of asbestos dust,
fibers, or debris (see paragraph 2.2.2.1). Example: "The
asbestos control area for the encapsulation project is defined
as the boiler room." If an "enclosed" asbestos control area
is impractical and therefore not required, specify a distance
from the asbestos work for the establishment of boundaries of

U the asbestos control area (see Note M).

G. Paragraph 1.2.5.2: OSHA 29 CFR 1910.1001 requires that medi-
cal records be retained at least 20 years. Some states
require longer retention periods, the maximum being 40 years.
Check with the state in which the project is located for the
required retention time.

H. Paragraph 1.2.7: This paragraph may not be applicable for
some overseas locations due to local government requirements.
Verify the need for this requirement with the station safety

re officer.

I. Paragraph 1.3.8: Use this paragraph for all projects except
projects in overseas locations where local Government regula-
tions do not require a USEPA approved landfill.

J. Paragraphs 1.3.9 and 2.2.6: When an enclosed asbestos control
area is not required, delete the requirements for the local
exhaust system and pressure differential recording (see
Note M).

K. Paragraph 2.2: Modify the number of sets of protective equip-
ment as required, depending on the size of the asbestos encap-
sulation project.

L. Paragraph 2.3.1: In most projects, the Government will remove
furniture and equipment before the contractor begins work. In
this case the 1st paragraph should be used. The third para-

* graph should only be used when existing furnishings have been
contaminated with asbestos fibers and the contractor will be
required to clean these items. State distances and quantities
where appropriate.

09876-13
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M. Paragraph 2.3.2.1 and 2.3.2.2: When an "enclosed" asbestos
control area is impractical, such as for the encapsulation of
asbestos insulation on very small operations, use paragraph
2.3.2.2 and delete paragraph 2.3.2.1. If the project has both
areas which can be enclosed and areas which cannot be
enclosed, retain both paragraphs and identify the areas which
must be enclosed and the areas which cannot be enclosed.

N. Paragraphs 2.3.5.2 and 2.3.5.3: When an "enclosed" asbestos
control area is not required, retain the portion in brackets.

0. Paragraphs 2.4.2: Disposal procedures and sites for asbestos
materials vary considerably with each location. Contact local
station Public Works and the NAVEAC division hazardous wasteg manager or industrial hygienist for local procedures.

P. Paragraph 2.4.2.1: Use the first portion in brackets or
insert host country procedures for projects in overseas loca-
tions where local Government regulations apply and EPA has no
jurisdiction. Use the second portion in brackets for all
projects where EPA has jurisdiction.

SE N D
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DEPARTMENT OF THE NAVY

NAVAL CIVIL ENGINEERING LABORATCRY
PORT HUENEME. CA 93043 IN RFPLY FEF~E~ TO

5600
Ser L08/551

15 Apr 1985

From: Commanding Officer
To: Distribution

Subj: Errata Sheet for TR-900, "Encapsulation of Friable Insulation Materials Containing
Asbestos," by E. E. Lory and M. J. Hienzsch.

1. Please make pen and ink change to first line of footnote on page 2 of TR-900: change
Technical Report R-833 to Technical Report R-883.

P. D. TRIEM

By direction
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