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ABSTRACT

In recent years, asbestos has been identified as a cancer inducing agent
at what has been termed “low level" exposure. This concern coupled with
the presence of friable asbestos and a potential for exposure has led
officials throughout New Jersev to undertake numerous, extensive, and
costly asbestos removal projects at schools, as well as public and private
buildings. The New Jersey Department of Environmental Protection along with
the Department of Health realized the need for safe, efficient, and
economical methods of asbestos removal. This need is also well recognized
by various agencies at the Federal level.

A grant was issued through the National Institute for Occupationzal Safety
&nd Health, Center for Disease Control to perform experimental asbestos
removal projects utilizing a commercial vacuum system. The program was

to involve both wet and dry removal.

An Engineering Consultant was hired to supervise the project as well as
oversee safety and health procedures, equipment evaluation, air sampling,
and prepare final technical and economic evaluations.

Various air sampling and analysis equipment and procedures were utilized

to obtain data for the technical evaluation. Laboratory analysis has been
conducted by Phase Contrast Microscopy, Polarized Light Microscopv, Scanning
Electron Microscopy with X-Ray Dispersive Analysis and Transmission Electron
Microscopy.

In addition, Isckinetic Particulate Sampling was conducted as well as
High Efficiency Particulate Apparatus (HEPA) Filtration utilizing

the Dioctylphthalate (DOP) Penetration Detection Method. A noise survey
was also conducted to investigate other possible detrimental effects of
the vacuum system.

conditions, workers exposure, vacuum filter efficiency, possible ambient
contamination, and effectiveness of final clean-up.

In addition to collection of data during this project, previous data
accumulated by the Consultant on numercus wet, conventional asbestos

removal projects, as well as other vacuum removal projects, was incorporated.
A detailed comparison between conventional removal operations and vacuum
removal systems has been prepared by the Consultant providing economic

and cost effective analysis of the two.

The resulting sampling data, analytical data, technical and economic
evaluations are presented, in detail,in this report.
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PART 1.0 EXECUTIVE SUMMARY

In recent yvears,the concern for incidental exposure to asbestos has been
heightened as a result of studies which show increased rates of cancers

as a result of what has been termed "low level" exposure, such as; those
in families of shipyard workers, insulation workers, and in the vicinity

of mines, mills and factories. This knowledge, coupled with the potential
for exposure from friable asbestos building materials used for fireproofing,
acoustical/decorative, and energy isoclation has prompted the Federal
Environmental Protection Agency (EPA) to inform school authorities and the
general public of the potential danger, and to offer guidelines as to the
proper detection and abatement procedures. These warnings, recommendations,
and guidelines were published in the Federal Register in September of 1980.
Guidance Documents were provided earlier by the Office of Toxic Substances,
Mzrch 197¢9. )

The concern from exposure to friable asbestos building material had prompted
the State of New Jersey, Department of Education and various Boards of
Education to undergo extensive asbestos removal operations. 1In all cases,
these projects were conducted by private contracting companies working under
specifications prepared by a myraid of private architectural and engineering
firms. It became apparent that these conventional methods were costly,
inefficient, and, in some cases, unsafe. The New Jersey Department of
Environmental Protection sought to investigate new and innovative methods

of asbhestos removal. In November of 1879, this agency, in conjunction with
the New Jersey State Department of Health, presented an application for

a grant to conduct tests of an innovative asbestos removal procedure
utilizing a vacuum loading truck, application No. RFA 1-OSH=-NCI-EHS. On
December 22, 1980 the New Jersey State Department of Health assumed respon-
sibility for the grant after a Department of Environmental Protection re-
quest for transfer and approval by the granting agency. The grant applica-
tion included a removal contractor, an engineering consultant, and various
State agencies to participate. The grant application stated that all

OSHA Regulations (1910.1001) and EPA Regulations (40 CFR Title 60) would

be followed with the exception of the National Emissions Standards for
Hzzardous Rir Pollutants (MESHAPS)requirement that the asbestos containing
material be sprayed with water prior to removal. This exception was felt
necessary to prove the hypothesis that using the vacuum system without
water would remove the bulk material and airborne particulates more effective-
ly and economically but just as safe as the conventional wet method. The
grant also included the description of the hopper and vacuum system to be
utilized. In addition , the grant application detailed the various sampling
and analytical techniques to be utilized. -

This grant received approval for funding of $110,000 as opposed to the
- requested §165,000 on March 26, 1980.

Additionzl project design site selection, contract awards and administrative

coordination was conducted by the New Jersey State Department of Health
through to May of 1282 when the removal aspect of the project started.

(2)



In that interval, a vacuum removal contractor was selected and contracted.
The firm chosen was Diversified Vacuum Systems, 671 Frelinghuysen Avenue,
Newark, New Jersey. TIn addition, a contract was provided to Rutgers
University, Coliege of Medicine and Dentistry, Department of Physiology
and Biophysics to provide guantitative asbestos content determinations
via Transmission Electron Microscopy under the direction of Dr. Bijan

XK. Ghosh. -

Kaselaan & D'Angelc Associates had been selected to provide engineering
supervision, as well as air sampling, safety and health inspection, and
final evaluation in December, 1981.

Project design included scheduling the experimental asbestos removal to
teke place at two separate locations. At each building, 10,000 square

feet of asbestos material was to be removed. The program called for

5,000 square feet at each location to be removed wet, and the remaining
material removed under dry conditions. BAs stated above, the original

grant applications included a sophisticatéd hopper system to be utilizéd,
mounted just below the ceiling on a movable scaffold. The plan included
workers physically scraping the material off of the substrate into the
hopper, which was connected to the vacuum system. The logic behind
choosing two locations allowed both the fluffy, blown-on, friable material
applied to concrete decking and steel beams as fireproofing and acoustical
treatment, as well as the hard, cementious acoustical plaster applied

to scratch a coat sub-ceiling on wire lath, teo be investigated. Therefore,
the projected experiment would include not only the wet vs. dry removal
practices as a variable but would also allow investigation into the effect-
iveness on the two most commonly encountered asbestos ceiling situations.
The experience of Kaselaan & D'Angelo supports this decision as both locations
chosen were extremely accurate as to what is encountered throughout the
Eastern United States in schools, municipal, and industrial buildings.

For nomenclature purposes in this text, the contractor referred to is
Diversified Vacuum Systems of Newark, New Jersey (DVS). The consultant
mentioned is the author, Kaselaan & D'Angelo Associates (K&D) of Haddon-
field, New Jersey. The State refers to the New Jersey State Department
of Health, Asbestos Control Program, within the Division of Epidimeclogy
and Disease Control, Trenton, New Jersey (NJDOH).

(3)



pPaRT 2.0 PROJECT LOCATION DESCRIPTIONS

SUBPART 2.1 ELMWOOD PARXK MUNICIPAT BUILDING
EIMWOOD PARK, NEW JERSEY

This location was chosen by the New Jersey State Department of Health
for two reasons. The ongoing - asbestos exposure assessment program
conducted by NJDOH had identified this site as in need of remedizl
action and recommended removal of the asbestos. The location also
represented a typical application of a blown-on fireproofing and acousti-
cal treatment with a very fluffy, friable asbestos. The structure is a
two-story, block framemunicipal building. The ground (lower) level has
concrete decking as the ceiling with structural steel beams running
longitudinal. The lower level consists of the Police Station, offices,
jail cells, a large meeting room, corridor, and a large library. There
existed asbestos on the entire ceiling (excepting the jail celis) on
both the ground level and second level for a total of approximately
24,000 square feet. The entire ground level was designated for removal
in this proiject. BAll asbestos insulation was to be scraped from the
decking and beams.

Preliminary air sampling had been conducted as early as July, 1976 by
the Environmental Science Laboratory of the Mt. Sinai School of Medicine,
City University of New York. In the four air samples collected, all
levels were above 50 nanograms/cubic meter of air, ranging as high as

110 ng/m3. (See Table I.) These results ranged between two and five
times amblent measurements conducted in a nearby community (20 na/cu meter)
by Mt. Sinai. Their observer reported that the insulation was in a
deteriorated state, with bare patches, loose insulation hanging, and
material on the floor. Initial inspection with bulk sample collection
and analysis by the NIDOH indicated Chrysotile asbestos at 23%, along
with glass fiber. (See Tabe II.)

The initial inspection along with additional air sampling and analysis
was first conducted under this project on May 17, 1982. Sampling on
this date included large volume collection with TEM analysis in three
indoor locations on the ground floor, as well as ambient air. Sampling
this date also included low volume (personal pump) collection with Phase
Contrast Analysis as well as the GCA Instantaneous Fibrous Aerosol
Monitor. The results obtained correspond closely with the Mt. Sinail
testing, indicating the method of quantitation followed was reproducible.
(See Table ITII.)

The high concentrations cbtained through the GCA Instantaneous Monitor

and the ensuing Phase Contrast Microscopy can be attributed to the high
content of glass wool fibers identified in the bulk sample analysis. The
high value of the Police locker room was not typical of other areas tested.
{See Table I1II for pre-removal concentrations.)

It should be noted that the ground level of this structure has very low
ceilings. This, along with the appreciable damage to the insulation and
the low degree of ventilation led to anticipation of a higher wvalue of
asbestos ezirborne that wes actually detected hoth at pre-testing and
throughout the study. (See Table V.)

(4)



TABLE I

ELMWOOD PARK MUNICIPAT. BUILDING
GROUND FLOOR

AIRBORNE ASBESTOS CONCENTRATIONS
Sample Volume  Asbestos Concentration

Sample No. Location {Liters) Nanograms/Cubic Meter
1 Library 4,800 54
2 Library 5,300 56
3 Secretary's Office 6,700 76
4 Detective Bureau 3,860 110

Ref: Mt. Sinai School of Medicine Report, City University of New York,
Authur N. Rohl, PhD. Environmental Science Laboratory, July 27, 1976

TABLE 11
BULK SAMPLE DETERMINATIONS
CEILING MATERIATL
Fibrous Constituents
Date Sample No. " Location PIM XRD
6/19/81 1ie81 Elmwood Park Chrysotile 23% Chrysotile 23%
Ground Floor Glass
10/6/81 wM 15 Montville High School Chrysotile 4% Chrysotile 4%
Guidance Office Cotton, Paper, Glass
WM 14 Nurse's O0ffice Chrysotile 1-3% Chrysotile 2%
wM 13 Entrance Hallway Chrysotile 1% Chrysotile 2%

Cotton, Paper
WM 12 Boiler Room Chrysotile 20% . Chrysotile 20%

Ref: New Jersey State Department Health, Environmental Chemistry Leboratories
Analysis: M. Feinman, J. Brovak

PIM: Polarized Light Microscopy
XRD: X-Ray Diffraction
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TABLE 111

PRE-REMOVAT CONCENTRATIONS

EIMWOCD PARK MUNICIPAL. BUILDING
GROUND FLOOR

Sampling Date: 5/17/82

Airborne Fiber Concentration

Volume Sampled TEM PCM GCA
Sample No. Location (Liters) (ng/cubic meter) (fibers/cc)
1 Multi-Purpose Room 4,284 58 : - -
2 Library 4,284 T 69 ‘ - -
3 Police Locker Room 4,284 328 : - -
.4 Corridor/On GCA 200 - .069 024
5 Police Dispatch Area 540 - .066 -
6 Cutside Building 2,210 is8 ' - -

Ref. Analysis:

TEM .- Transmission Electron Microscopy - Rutgers Medical School,
B. Ghosh

PCM - Phase Contrast Microscopy - New Jersey Department of Health,
J. Brovak
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TABLE IV

PRE- AND POST-REMOVAL CONCENTRATIONS

MONTVILLE HIGH SCHCOL
ROTUNDZ, CORRIDOR, AND OFFICES

Site Pre-Removal Post-Removal
Ambient 12 12
Cafeteria Hall 482 24
Gymnasium Hall Cutside 153 140
Gymnasium Wrestling Room - ‘ 25
Vice Principal's Office 707 65
Boiler Rcom 571 -

2Amount of asbestos Content {calculated from Chrysotile fiber count) is
expressed as ng/cubic meter air volume.

Reference: ERutgers University Medical School, Dr. B.Ghosh
Transmission Electron Microscopy
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TABLE V

PRE- AND POST-REMOVAT., CONCENTRATIONS

ELMWOOD PARK MUNICIPAT, BUILDING

GROUND FLOOR OFFICES

Site Pre-Removal Post-Removal
Ambient 18 -
‘Library 62 | 14
Police Locker Room . 328 : 31
211 Purpose Room 58 4

Amount of asbestos content (calculated from Chrysotile fiber count) is
expressed as ng/cubic meter air volume.

Reference: Rutgers University Medical School, Dr. B. Ghosh
Transmission Electron Microscopy
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SUBPART 2.2 MONTVILLE HIGH SCHOOIL
MONTVILLE, NEW JERSEY

This location was chosen for its sharp contrast to the conditions at the
Elmwood Park site. This building is maintained in an excellent condition and
the accumulation of visible dust is minimal. There are long hallways with =
central rotunda. This rotunda center houses administrative offices. Both
the circular corridor, as well as the inner offices, included an acoustical
plaster applied to scratch coat on wire lath. The material appeared hard,
cementious and in structurally good shape, though the surface was uneven.
There did sxist visible evidence of numerous scratch marks generated deliber-
ately by the students jumping and touching the ceiling while passing through
the hallway. ' The rapid current of air flows through the long hallways into
the corridor along with the student abuse generated two significant points

to be considered here:

1. The rapid flow of air, while grazing cver the
surface of the ceiling, strikes the uneven sur-
face and causes local air turbulance. This air
movement might have caused graduzl erosion of the
ceiling surface.

2. The potential erosion is likely to be aggravated
by the scratches or surface damage.

The experimental removal project called for the remcval of all acoustical
plaster in the corridor surrcunding the rotunda as well as the inner offices,
by scraping only the acoustical treatment and leaving the scratch coat and
lath intact. This procedure is common in asbestos removal projects but

is quite difficult. There also exists an adjacent boiler room which con-~
tains the spray-on fireproofing. The contractor did eventually remove this
fireprcofing although data has not been included in this evaluation.

It has been reported that structurzl components of the boiler room contained
considerably high concentration of asbestos; i.e., 20% in contrast to

1l - 4% in the acoustical plaster components of the building; however, the
boiler room was apparently isolated from the rest of the building. (See
Table II.} The results on the asbestos content of the air, prior to the
removal of the ceiling materials, has been given in Table IV. The asbestos
of ambient air is siightly lower in the Montville area than in the Elmwood
Park area. This minor difference micht have originated from the differences
in the concentration of the industries and highways in the vicinity. The
data obtained prior to asbestos removal, unexpectedly, shows a high asbestos
content in the building air based on the physical condition of the material
as previously discussed. The range of values of the asbestos content in
different locations varied 12-52 times higher than the ambient level;

i.e., 12 ng/cu meter air. There were significant differences in the fiber
contents in one room location to the other. Large rooms with high volume

of air movement showed lower asbestos content (e.g., gymmasium hall) than

a2 small room with low air turnover; e.g., Vice Principal's office. The
asbestos fibers in the room air certainly originated from the ceiling material.
This could be justified from the reducticn in the values of the asbestos
content of the air after removal of the ceiling material. There was an
unexplained phenomenon that the gymnasium hall asbestos content was un-
changed before and after removal of the ceiling material. {See Table IV)
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MORPHOLOGY OF BULK SAMPLES

TEM PHOTOGRAPHS

No. 3 Elmwood Park Municipal Building
Bulk sample reveals very long chrysotile
fibers present in fused bundles. Reference
line equals 10.0 microns.

No. 4

Montville High School

Bulk sample reveals randomly dispersed short
fibers of approximately uniform length.
Reference line equals 1.0 microns.
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PART 3.0 MORPHOLOGY OF BULK SAMPLES

The high asbestos content of the Mohtvillg High School air compared to
the Elmwood Park Municipal Building air is paradoxical, sinceé the material
condition, friability and asbestos content would indicate the opposite.

The characteristics of asbestos fibers within the ceiling material was
studied. 2 bulk sample of the ceiling was collected. Tumps of this
material were dispersed in double distilled water by light sonication;
~after dispersion, the distiiled water became slightly opalescent. This
material was deposited on an EM grid and negatively stained with 1%
amonium molybdate. Large numbers of short Chrysotile Asbestos Fibers of
approximately uniform length were seen in the field.  The fibers were
randomly dispersed throughout the noncrystalline binding material. This
dispersion could be seen by high acceleration voltage microscopy. This
feature of the bulk sample from Montville High School sharply contrasted
the bulk sample of Elmwood Park. The latter, prepared by the same pro-
cedure, showed very long Chrysotile Fibers fregquently present in bundles
of varying sizes. These bundles consisted of fused Chrysotile Fibers.

This morphology is further discussed throughout this report and is believed
to be strongly responsible for resulting airborne concentrations during
removal and clean-up operations.

PART 4.0 VACUUM SYSTEM DESCRIPTION

A detaziled description of the vacuum system not including the remote
self-contained packaging system, was available. In a previous study
conducted on the Diversified equipment, & detailed explanation was
presented.l Portions of this description are presented in Appendix A of
this report. It is not the intention of this study to evaluate vacuum
removal systems as a safe and cost-effective alternative to conventional
methods. The system provided by DVS was in two major components, the
remote packaging unit and the truck mounted vacuum source.

The packaging unit was a pre-~fabricated enclosure which was a modified ,
20 cubic yard metal waste container. This box-like container was equipped
with permanent portals for the flexible intake and vacuum hoses tc enter.
There was also facilities for a waterline, supplied airline, and hydraulic
airline to enter. (See Photo Nos. 1 and 2) This unit was developed
primarily to provide a lcading system for the bulk asbestos material

into either drums or bags. Problems have been experienced by this con-
tractor and others facing transportation and waste dumping regulations.
Historically, in all datz accumulated in previous studies and as seen by
KeD, there existed a great potential for ambient contamination with the
bulk dumping of ashestos waste. Various contractors attempted to remedy
this by installing wetting (spray) units in the bins of their trucks and
applyving water during dumping. This method has proved unsuccessful.
Either the large guantities of water caused flooding in the bins and

(12)



asbestos slurry leaking onto the ground during transport, or freezing
conditions. There also exists EPA regqulations as well as varicus State
and Local regulations prohibiting asbestos be dumped unless contained in
plastic or drums. Attempted coordination between landfill operators to
pre-excavate and line the hole with plastic to satisfy regulations has
also proven difficult.

The packaging unit developed by DVS utilized the vacuum source from the
truck to draw the bulk asbestos waste from the work site. 2 hydraulically
operated dual drum system was installed in the unit and operated by an
employee inside. By switching between two metal 55 gallon drums lined
with plastic, the operator could seal the system, draw a vacuum, and
begin extracting the bulk material. As this materiazl entered the manifold
in the unit, the velocity decrease caused the bulk material to drop out
into a lined drum. The operator simply controlled the vacuum &lliowing
him to rotate between drums. As one was being filled, it allowed him
time to remove and seal the adjacent bag and insert a new liner. The
unit was equipped with automatic shut-down controls such that if the
operator was not present when filling was complete, the vacuum would be
diverted. This allowed then for only "fines" or smzll dust particles to
be carried into the vacuum truck itself. Actual particle sizing was not
conducted here as its importance is noit applicable to ocur study. &aAdvantages
to this system are:

1. When complete, the material is contained
in proper plastic bags appropriate for
transport and dumping.

2. The holding capacity of the truck receiving
chamber is greatly increased, eliminating
the necessity to shut down for intermittent
dumping.

The theory of operation is that all airborne fibers generated in the unit
will be evacuated by the vacuum created in the system or by an zuxillary
4" vacuum hose positioned inside for clean-up. The unit is eguipped with
plastic baffles or airlocks as well as a small shower for personnel
decontamination. As stated previously, this unit is unique to DVS, and

a detailed schematic was not provided.

The vacuum truck consisted of a receiving chamber (without spray nozzles
operating}, two stages of exhaust filtration, a vacuum blower, and a
final, HEPA. filter {(See Figure 1 and Photo 3) The intake of the vacuum
wes located on top of the receiving chamber and was connected to the
packaging unit through a 6" ID ribbed plastic hose. This same type hose
connected the packing unit to the work area.

The filter system, as well as the positioning and type vacuum pump, differ
between contractors. The utilization of positive or negative HEPA
filtration or the actual positioning of final filtration with respect to
the vacuum pump varies from vendor to vendor. Our observations and ex-—
perience with DVS and two other vacuum removal firms has indicated varving
preferences. The use of bag filter, cyclonic particle separators and

off loading systems also vary. There exists numerous problems with all
of the systems we have cbserved concerning cleaning and decontamination.
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The problems we have identified are:

1. Imability to achieve HEPA filtration, especially
of particles <5.0 microns.

2. No electronic or pressure sensitive warning systems as
to filter (fabric oxr HEPZ) overloading or failing.

3. TInability to decontaminate bag house and internal
conveyer mechanisms.

4., 1Inability to successfully conduct dust free bulk dumping.

As previously stated, it is not objective to evaluate the DVS system

per se as the internal components vary from contractor to contractor.
Manufacturers' systems are often field modified immediately afiter pur-
chase. Therefore, intermediate testing of the various components of the
DVS system was not conducted. It has been the intention of this investi-
gator to evaluate, on a whole, if the vacuum systems can operate without
ambient contamination with special emphasis on the final exhaust. Please
review our recommendations and conclusions sections of this report for
our evaluation.

'During the course of this study, the receiving chamber did not become
lcaded and there was no observation or sampling of the procedures and
methods utilized by DVS to empty and decontaminate this portion of
their equipment. '

PART 5.0 CONTRACTOR'S STAGING AREA

The contractor's staging area then congsisted of the wvacuum truck,

Model AS-10, as previously described, providing vacuum source and particu-
late collection. This truck remained stationary throughout the removal
operations. The truck was immediately adjacent to the packaging unit.

A 6" ID flexible plastic hose connected the two and the initial intake
hose was alsc 6" ID flexible plastic. The intake hose was placed on the
ground and sections were added or removed by utilizing metal couplings
a&nd hose clamps such that the hose stretched to the exact rooms or sites
where removal was being conducted. (See Photos 04,05 and 06) The
intake hose was then comnected to various metal "Y" connectors which
reduced the ID to 3" or 4", to allow muitiple crews to be utilizing
vacuum simultaneously. At various locations at the "Y" connectors,
sheet metal check valves were positioned such that vacuum velocity could
. be regulated somewhat by the worker himself. The purpose of the vacuum
system is two fold as described below:

1. To provide vacuum velocity sufficient to evacudte
air inside the work area room or location. This
would serve as an air cleaning device, removing
suspended or airborne particulates. The vacuum,
with sufficient intake velocity, vs. the actual
internal cubic area of the work site would then
produce a negative pressure in the entire work area.
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This would decrease the possibility of fugitive
fibers escaping through barrier breaching or in-
complete sealing of windows, doorways, HVAC systems,
etc. The theory of a negative pressure induced work
area would also facilitate an inward airflow through
the baffles of the personnel decontamination (shower)
chamber. '

2. To physically remove bulk insulation materizl, that
which is manually scraped off the ceiling and onto the
floor. The hypothesis of the method includes the
elimination of certain labor functions in the work
area such as sweeping and loading bags, as well as
manually removing loaded bags/drums from the building.
The removal of the packaged waste from the building
is always an operation which threatens ambient air
quality. In addition, the 4" ID intake lines can be
utilized as vacuum cleaners in the final clean-up operations.

Isokdinetic testing via standard EPA Method No. 5, Standards for Staticnary
Sources,? was conducted on the 6" vacuum intake line at Montville to
determine capture velocities as well as carrying capacities and particulate
loading for system efficiency rating. (See Section II of this report

for results.)

In addition to the vacuum system, the contractor positioned an electric
air compressor system, complete with filtering and cooling capabilities,
to provide supplied breathing air to the workers inside the building and
the emplovee station inside the packaging unit. (See Photo 07.) Also

in the staging area, an additional box type walk-in waste container was
positioned to serve as a storage facility for tools and the bags of waste
generated in the packaging unit. This container was then removed when
it became filled with the asbestos waste material

(16)



PART 6.0 CONTRACTOR'S PROCEDURES

The intent of the initial grant application was for the contractor to
provide pre-fabricated sheet metal hoppers connected to the intake hose
such that ceiling insulation could be manually scraped immediately into
the hopper (collection) system. By positioning this hopper close to the
ceiling, bulk material would not fall to the floor and airborne particu-
lates generated by the scraping would immediately be captured. The
capture velocities would be increased due to the confining area of the
hopper, and the airflow would be away from the worker, reducing both
personnel exposure and general area contamination. This intended pro-
cedure would also eliminate a manual task of handling the insulation
material on the floor.

These methods were not employed by DVS on the actual execution of the
project. At all times during the Eimwood Park removal, the insulation
‘material was manually scraped with hand tools and allowed to £z11 in
large clumps onto the floor. (See Photo 08.) It was the intention to
have a 4" ID intake hose immediately adjacent to any scaffold which con-
tained workers scraping or wire brushing the substrate ceiling. It was
also the intention to periodically have one worker push or sweep the
bulk material across the floor into the intake hose and to utilize the
intake hose to maintain housekeeping in the work area; removing all bulk
material from horizontal surfaces as quickly as possible, therefore,
reducing re-entrainment of fibers through foot traffic.

In actuality, this was not conducted. At times there were four to five
workers scraping in various rooms/locations with only two or three in-
take hoses present. (See Photo 09.)

The wvacuum intake was algo utilized to evacuate any remaining airborne
particles from a room after removal of all bulk materials and wire
brushing. This proved effective, but an additional wet cleaning of all
surfaces was still regquired as the intake velocity, with the hose simply
lving on the floor in the room, was not intense encugh to overcome
friction and static attraction of fibers on floors, walls, and fixtures.

During the Montville removal, similar procedures were utilized for those
offices within the central hub. (See Photo 10.) On the lazrge circular
corridor, an alternate procedure was implemented. Here the contractor
fabricated & portable containment chamber using platform scaffold with
wheels and wood frame enclosed with plastic duct tape and staples.

(See Photo 11.) These chambers were constructed such that their sides
rose to within 3" of the ceiling. Two workers entered the chamber through
a simple plastic curtain type baffle and conducted scraping with hand
tools. A 4" intake hose was placed into each chamber to evacuate the
air and remove the bulk material which accumulated on the platform floor.
This adaptation of the hopper system was to increase production and
reduce work area asbestos concentrations.

At no time, at either location, was the intake hose utilized to physically
remove bulk material directly from the ceiling.

(17)



Our initial evaluation after wvisual inspection of this system proved
that it was somewhat effective in containing bulk material, but the
intake velocity was not sufficient to continuously evacuate the chamber,
therefore, increasing worker exposure problems. (See Photo 12) Ouxr
initial visual evaluation of the vacuum system at Montville was that

it was undesirable. It appeared that the airborne particulates visible
to the eve were not being effectively removed by the vacuum. This was
presumably caused by many factors, such as the morphology of the dust
and fiber particles generated, the increased distance (up to 120 1f) of
intake hose, the opening of holes through the ceiling substrate allowing
- for external make-up air, and the abrasiveness of manually scraping a
hard, cementious plaster material. It was extremely difficult for the
workers to separate the acoustical plaster from the irregular surface of .
the scratch coat plaster. .

Please review air sampling and analysis data as well as the Conclusions
'and Recommendations sections of this report for a more precise evaluation.

Based on the actual procedures observed, the use of the portable contain-
ment chamber was the only variance in this contractor's methods of removing
vs. conventional wmethods. At one point in Montville, DVS experimented
with a grinding machine to automatically and continuously provide sbrasive
action against the ceiling material. This procedure was not evaluated.
(See Photo 13.)

As previously stated in Part 1.0, the grant application also specified
that 50% of the material would be removed wet and 50% under dry conditions.
Wet removal, the conventional method, involves actually applying water or
a solution of commercially available wetting agents (surfactants) mixed
with water to the insulation prior to removal. The application method
varies between firms to include Hudson sprayers, airless pumps, and
simple garden hoses. After saturation, the material is manually scraped
from the substrate using hand tools and wire brushes, identical to the
methods conducted by DVS. The material is allowed to fall to the floor
under conventiconal methods but must remain moist through sweeping and
loading into bags/drums. Water is then applied to the material in the
bags immediately before sezling such that the asbestos remains wet
through transportation and disposal.

In this evaluation, the contractor under study was not capable of removing
wet, slurry, material through the AS-10 systems he provided. Therefore,
only an extremely small section of ceiling material was removed ({100 £t"}
under experimental wet conditions at Elmwood Park, and no wet removal

was conducted at Montville. :

It is obvious that dry removal is capable of generating much higher
airborne particulate concentrations, as "misting" or water application
is the most simple of engineering controls for dust reduction in any
application. It is also known that dry removal, in most cases, is
prohibited by EPA, State regqulatory agencies and osha.3:4
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The intent of the wet removal portion of the grant application was to
provide data for comparison purposes. When informed that DVS was not
capable of utilizing the wvacuum system on wet or slurry materials, the
removal program was not altered. It is the experience of K&D that
contractors do exist with vacuum equipment capable of handling wet re-
moval. BAir sampling and analysis data has been generated by K&D during
such operations which shall be utilized for comparison purposes. In
addition, this consultant has conducted z substantial amount of air

sample collectionand analysis on all phases and at various locations on over
200 individual asbestos removal projects being conducted utilizing
conventional wet removal techniques., Selected removal projects, con-
ducted under similar conditions with similar insulation materials, can
then be utilized for data comparison purposes. As it is the responsibility
of the air test laboratory to submit zll air gquality data obtained during
public asbestos removal to the New Jersey State Department of Health,
Asbestos Control Program, all previous tests conducted by Ka&aD referenced
in this report are available through that office. PFor this reason, only
proijects conducted in New Jersey, with documented similarities in insula-
tion material, shall be referenced. Data obtained by another consultant
firm shall also be presented for comparison purposes.

PART 7.0 CONTRACTOR'S PERSONNEL

The needs of the Contractor to conduct an asbestos removal operation vary
with conditions such as work space, available trained personnel, and time
constraints. This contractor provided the following:

A. One (1) Working Field Superintendent. This person remained
predominantly on the exterior of the building and whose
responsibilities included: project supervision, employee
supervision, vacuum truck and equipment operation and
maintenance, coordination, and on-site decision making
and administrative duties.

B. One (1) Working Foreman. This person entered the work area
and conducted vacuuming of bulk material, worker super-
vision, supplied air monitoring, and general inside
coordination and communication.

C. One (l) Packaging Unit Operator. This person was assigned
to operate the automatic drum loading system inside the
packaging unit. This work station was inside the unik,
although this person continuously moved in and out of the
unit due to the extreme heat. At times, the Field Super-
intendent would act as Packaging Unit Operator, though
only when short of manpower.

D. Asbestos Workers. A varying number of laborers were

necessary to manually scrape the asbestos, wire brush the
ceilings and conduct vacuum and wet wipe cleaning.
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The personnel requirements observed in this study vary from those in a
conventional removal project by the addition of a Packaging Unit Operator
only. The conventional method is believed more labor intensive. It was
anticipated that the implementation of the hopper collection system and
the vacuum removal system alone would reduce the labor requirements
significantly. Accurate determinations of production rates and manpower
requirements between contractors is difficult to obtain due to varied
prevailing labor rates. It is believed that the number of employees
utilized inside the work area here was not directed by needs or cost
considerations but by the number of available supplied air respirator
hoods. It is believed that this also was a condition which led to DVS
conducting two shifts of removal per calendar day.

Cur initial evaluation indicates that man-hour savings was not at all
apparent with the vacuum system. It is difficult to compare actual labor
cost evaluations between projects as this contractor utilized low cost,
unskiiled laborers from z local temporary labor pool. It is the 9pini0n
of this author that this procedure is undesirable. These workers were
not only untrained in removal procedures, but more important, completely
. unfamiliar with proper health and safety practices mandated in ashestos
removal, expecially under dry conditions. These workers were unaware of
the proper protective measures and unaware of the possible health effects
concerning exposure to airborne asbestos dusts.

These reasons are why accurate labor cost comparisons cannot be conducted
against previously monitored conventional removal projects:

A. Actual hourly rates for various job classifications,
including insurance and benefits, were not provided
by DVS. :

B. Conventional removal projects predominantly utilize
Union lebor and pay prevailing wage rates which range
from $10.60/hour to $17.30/hour plus insurance and
benefits.

PART 8.0 SAFETY AND HEALTH CONSIDERATIONS

Due to the health hazard associated with asbestos dusts and those antici-
pated high concentrations associated with dry removal, specific engineering
controls and personnel protection measures were implemented by the contractor.
0SHA Regulation 1910-1001 stresses the employver's responsibility to provide
protection against exposure. These regulations were addressed in the
following manner:

1. The entire work area was first contained and sealed
with plastic sheeting. Barriers were constructed
between the designated work area and adjacent clean
areas. Doors were sealed airtight. At a minimum,
fizxtures received two (2) layers of 6 ml. plastic
sheeting. Walls received one(l) layer.
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2. Caution signs were posted at all points of access
warning of Asbestos Dust hazards. A barrier was
constructed between the general work area and those
areas still open to public azccess. All signs were in
compliance with OSHR Regulation 1210.1001(g). Barriers
were fabricated on site utilizing wooden framing with
minimum of two (2) layers, 6 ml. plastic sheeting.

(See Photos 14 & 15).

3. Decontamination (shower) chambers were temporarily
constructed in the corridors for each respective
removal zone. These chambers were constructed by
2 x 4 framing and plastic sheeting. Each contained
the proper (3) room sequence. Showers were temporarily
set up in the center room and fed with a typical
garden hose. Waste water was collected and pumped
into the closest sanitary drain. B2 series of airlocks
(baffles) were installed within this chamber so that no
airflow could cause suspended fibers to migrate out
of the contaminated work arez.

4. Personnel whose presence was required in the work area
were first briefed to the potential health hazards
associated with Asbestos Dust. Proper respiratory
protection and decontamination technigues were also
discussed. Kaselaan & D'Angelo conducted training
sessions on site for any new or inexperienced workers
from DVS when possible.

5. Respiratory protection was supplied to all DVS employees
and visitors due to the anticipated concentrations of
airborne asbestos fibers being greater than 20 £/cc
{10 times the OSHA PEL of 2.0 £/ce¢), at least a Class B
positive pressure air purifying respirator was required.

In accordance with ANSI %88.21969, American National Standard Prazctices
for Respiratory Protection, a supplied Air-T.ine Respirator was provided
for the DVS workers. In this type system, respirable zir is supplied
through & small diameter air line from the remotely positioned (outside)
compressor. The airline is attached to the wearer by belt and can be
detached razpidly in an emergency. A flow control valve is provided

to govern the rate of flow to the wearer. This continous flow, air
line respirators maintain a positive pressure in the face piece at all
times and are less apt to permit inward lezkage of contaminants.

(See air test data, appendix ¢ £for various protection factors).

DVS provided Both the Bullard System 1414 Supplied Air Respirator,
MSHA/NIOSH Approval No. TX-19C-131, Type C or CE and the RACAL Air-
stream AT30. (See Photo 16). : :

As a back-up system for the trailer mounted compressor and manifold,
capable of six to eight separate airlines, DVS provided the Bullard
Free-Air, Portable Electric Air Pumps, Model EDP-2-TE-A.
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In addition, DVS periodically provided the 3-M Disposable Dust Mask,
Model 8710. These masks were to be worn under the hood and shroud of
the Bullard/Racal systems and would serve as protection against airborne
contaminants if emergency evacuation was required, if supplied air
system failed. The dust masks were also utilized by DVS foreman fre-
quently entering and exiting the work area as well as by all workers
during the final wet-mop and cleaning. (See Photo 17) Bodily pro-
tection was achieved by disposable Tyvec coveralls with hood and booties.
DVS provided sneakers as additional footweazr which were left in the work
arez on a daily basis.

The emplovees of this counsultant, as well as visitors, were required

to adhere to the same personnel protection and decontamination pro-
cedures as indicated for the contractor. To alleviate the restrictive-
ness of the supplied air respirator, MSA Model 463355, NIOSH Approval
TC-21C-186 was utilized.

Decontamination of all personnel, workers, visitors, and testing agencies
was as follows:

A1l workers entered the work area, removed street clothes,
put on clean coveralls in change rooms. Workers then
passed through showers to equipment room.

Bdditional clothing and equipment left in the egquipment room
required by the workers was put on. These were itreated

as contaminated clothing and left in the equipment room

and disposed of at the end of the project. It is at this
location where supplied alr respirators were donned.

Workers then proceeded to work area.

Before leaving the work area, the worker removed all gross
contamination and debris from the coveralls. This was
accomplished by one worker assisting another in brushing
each other off.

The worker then proceeded toc equipment room and removed

all clothing except respiratory protection equipment.
Contaminated extra work clothing were stored in contamina-
ted end of the unit. Disposable coveralls were placed

in a bag for disposal with other materizl. The worker then
proceeded immediately into the shower room. Respiratory
protection equipment should be removed after worker has
completely showered to prevent inhalation of fibers. This
was not accomplished by DVS, zs supplied air respirators
were left in the equipment room.

After showering, the worker moved to the c¢lean room and
dressed in either new coveralls for another entry or street
clothes if leaving.

Workers did not eat, drink, smoke, chew gum or tobacco in
the work area. To do any of the above, the worker followed
the complete decontamination seguence.

Work footwear remained inside work arez (egquipment room)
until completion of the project and then were disposed of
or cleaned by washing in shower at the end of the project.
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In addition to the personnel protection described above, the following
engineering controls for dust reduction were utilized:

1. Plastic sheeting on all surfaces except floors.
The intake velocity of the 3" and 4" vacuum hoses
was so strong that plastic on the floor would be
drawn into the hose. This procedure was acceptable
in all areas where a tile or smooth floor was present
but was undesirabie for those offices in Montville
which were carpeted. (See Photo 18).

2. 'The use of the wvacuum intake hoses to evacuate the
work area atmosphere and provide negative pressure.

PART 8.0 AIR MONITORING AND INSPECTION PROCEDURES

Actual project inspection as well as sample collection was conducted
by K&D throughout the entire operation at the two locations. Daily
inspections were conducted by the technicians of KsD to oversee safety
and health requirements and to direct the contractor on proper execution
procedures. A daily log was kept by the engineering technician who
recorded the following information:

1. General conditions and contractor's progress

2. Overzll observations as to housekeeping and cleanliness
of the job site

3. Total manpower on site and delineated job tasks

4. Integrity of plastic barriers, masking, and plastic sheeting
5. Type and use of respiratory protection

6. Type and use of bodily protection

7. Use of decontamination shower and location of
wastewater drain

8. Visual observation of negative pressure effectiveness and
vacuum measured on truck gauges

9. General problems, infractions, and comments
Various methodologies, equipment, and technigques were utilized in both the
air sample collection and analysis to provide data at different degrees
of sophistication. The intention of the air monitoring program was to
determine airborne achestos concentrations with respect to:

1. Pre-Removal vs. Post Removal indoor alr guality

2. Asbestos workers' personal exposure

3. Work area envirommental conditions

4. Protection factor of the supplied air systems

5. Effectiveness of negative pressure vs. air quality in
the decontamination chambexr
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6. Awbient air quality cutside the building vs. the
asbestos removal project in general

7. Effect on ambient air guality vs. the wvacuum source
emissions

The air sampling and analysis program was designed to satisfy OSHA
Regulation 1910.1001 (f). The various sampling and analytical tech-
niques emploved with respect to their application in satisfying that
which is listed above were:

1. Daily perscnal sampling as per NIOSH P&CAM No. 239

(Procedures and Certified Anzalytical Method, Asbestos

In Air). A personal sampling pump calibrated to a flow
rate of 2.0 1pm is attached to the worker's belt. The
field monitor (cassette) is connected via tygon tubing
and clipped onto the workers lapel to sample that air
most representative of his breathing zone. In addition
to Phase Contract Analysis, both Transmission Electron
Microscopy and Scanning Electron Microscopy was utilized.

2. Spot check personal sampling as per NIOSH Sampling Data
Sheet 29, Inert or Nuisance Dust, with gravimetric
analysis to determine total dust concentrations in the
work area {(Montville only).

3. Use of Ambient Cascade Impactor stationary inside the
work area to investigate total dust loading in regard
to particle sizes generated by the scraping operation
and the effectiveness of the vacuum system as an air cleaner
in regard to particle size.

4. Daily stationary, work area (environmental) sampling as
per NIOSH No. 232, in addiitiion to large volume sample
collection. Analytical methods included Phase Contrast,
Transmission Electron and Scanning Electron Microscopy.

5. Pre and Post Sampling to include ambient air and designa-
ted asbestos removal locations. Collection mechanisms
included large volume samplers, personal pumps, and the
GCA Instantaneous Monitor. Analysis included Phase
Contrast, TEM & SEM.

6. Wet/wipe surface dust sampling included in the Post
removal inspection with analysis via PCM.

7. Spot check personnel sampling conducted simultaneously
inside and outside of supplied air respirator hoods to
ensure protection factor and worker safety with PCM
analysis.

8. Daily stationary sampling at the entrance to, or
immediately inside the clean room of the portable
decontamination chamber. In most instances, this
was monitored via the GCA Instantaneous Fibrous Aeroscl
Monitor (FAM-1). 'This instrument is most zpplicable
for this location such that the delineation between a
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contaminated zone and contiguous clean areas

can be observed. 1In the event pressure differen-
tial is not sufficient to cause an inward flow of
ambient air, fugitive fibers possibly leading to
contamination of the clean areas can be immediately
detected and corrective actions implemented. In
addition to the fibers/cc, LCD digital readout pro-
vided by the GCA Monitor, Phase Contrast Analysis was
conducted for positive identification of asbestos fibers.
At times, spot check, large volume samples were
collected utilizing TEM analysis.

9. Daily large volume air sampling outside of the building,
at various locations, to investigate the possibility of
ineffective negative pressure or insufficient masking
and sealing; allowing asbestos fibers to escape into
the ambient environment. Particular attention was
placed on that location where the vacuum hose exited
the building as well as windows and doorways. In the
Montville location, temporary plastic barriers were
constructed to separate the work area (center rotunda)
from adjacent occupied corridors. Concentrated atten-
tion was placed on the zir quality outside and the
integrity of these barriers. Analysis here included
both PCM and TEM techniques.

10. Spot check sample collection, via large volume sampling,
at various locations in the contractor's staging area.
Iocations included: atop the vacuum truck, adjacent all
side of the vacuum truck, immediately outside the entrance
to the Packaging Unit, and waste storage container, etc.
Concern existed among the evaluators of the anticipated
ambient contamination resulting from fibers escaping from
the many possible hose connections or from various seams
in the air flow system. Analysis here was predominantly
TEM and PCM.

SUBPART ©.1 ATR MONITORING EQUIPMENT

To execute the various sampling procedures and techniques described
above, specifically, the following equipment was utilized:

1. Personal sampling via DuPont P2500 Constant Flow Sampler,
calibrated via upright bubble burette to *2.0 lpm.
Calibration conducted with representative filter in line
and checked on a twice daily basis via DuPont Calibrator
Pack. ‘

2. Large volume sampling viz Millipore Vacuum/Pressure pump
or Gast Vacuum/Pressure pump, pre-calibrated via bubble
burette with a Millipore limiting orifice in line to a
known flow rate of #*10.0 lpm.
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3. 1Instantaneous fiber counting via GCA Fibrous aerosol
Monitor (FAM-1) as manufactured by GCA Environmental
Instruments, Bedford, Massachusetts. {See Appendix B).

4. Targe volume ambient sampling and cascade impactor
vacuum provided by the Flow Sensor, Constant Flow
Vacuum System, * 14.0 lpm. The cascade impactor
utilized was the Flow Sensor Amhient Cascade Samplier
with nine particle size fractions from f S microns in
the preimpactor to € 0.4 microns on the back-up filter
at 28.3 ALPM.

Alr sampling was conducted in accordance with NIOSH P & CAM No. 239.
The collection of particulate contaminants was onto a Millipore T¥pe AR
37 mm .8 micron cellulose esther membrane filter, either white or grid.
Collection of nuisance dust was as per NIOSH SDS 29 onto a PVC membrane
filter, tared and pre-weighted. Both filter media were packed into
3-stage plastic field cassettes, sealed with celiulose bands. Sampling
was conducted open face.

Surface dust sampling was conducted by carefully moistening & cellulose
filter with a few drops of distilled water, wearing a plastic disposable
surgiczl glove. The technician simply wipes the filter slowly across a
herizontal surface tc collect dust and fibers present. The filter is
then analyzed under Phase Contrast Microscopy in accordance with NIOSH
Method No. 239.

PART 10.0 ANALYTICAL METHODS

Phase Contrast Microscopy was used to assess airborne fiber concentrations
in accordance with NIOSH Analytical Method P&CAM No. 239.°

Polarized Light Microscopy (PLM) was used to identify the Eomposition

of the bulk samples to determine the type and percentage of materials
present. A polarizing light microscope eguipped with 360° rotzting
stage, polarizing filters, analyzer, a dispersion staining cbijective
with multiple stops, and high dispersion liquids with several different
indices of refraction were used to make the identification. In some
cases, specific fibers are teased free of the surrounding non-fibrous
insulation material and viewed independently for more precise determina-
tion. The PLM method has been conducted in accordance with the "Interim
Method of the Determination of Asbestos in Bulk Insulation Samples."6 ’

Polarized Light Microscopy was conducted on a Leitz, Model SM-Lux-Pol
microscope. A small amount of the bulk sample (50-100 milligrams)

is dispersed on a glass slide. High dispersion refractive index

liguids or reagent grade glycerin is added. The sample is then examined
under low power (100X) for the presence of fibrous materizls. Various
procedures of stage rotation and light stops in the chjective are
utilized to identify the mineral (fibers) by color and refraction
properties.

Rs a confirming technique, X-Ray diffraction was utilized in the

identification of asbestos in the bulk samples. The equipment utilized
consists of & Philips APD=-3600 automated powder diffractometer with a
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Philips XRG-3100 X~-ray generator and a scintillation counter. Integrated
peak intensities were measured through the use of a step scanning mode.
Samples were mounted in a high resolution sample holder using a Philips
copper X-ray tube run at a power level at 1200W, 40 Ku and 30 MA. The
range of 20 Degree in regard to analytical peaks examined in each sample
was 6° - 40°.

The Scanning Electron Microscopy along with an X-ray Microanalyzer was
utilized at various locations to determine airborne concentrations of
fibrous materials and to positively identify those fibers as to being
the common amphibole or serpentive asbestos. Alr samples were collected
by techniques similar to the NIOSH Method described above. The filter
media used was the Gelman, nucleopore filter at .45 micron pore size.
Small pieces of the filters are cut out, mounted on metal studs coated
with gold prior to introduction into a high resoclution scanning electron
microscope (JEOL 35CF). Fibers are counted and analyzed with an energy
dispersive X-ray microanalyzer (EDX; PGT System III) at both low (400X)
and high (5,000X - 20,000X) magnifications.

The Transmission Electron Microscope was utilized predominantly for large
volume ambient sample analysis, large volume impaction samples of the
vacuum truck exhaust stream, and to determine both pre- and post-removal
conditions in the two project locations.

Quantitative estimates were done by transmission electron microscopy
method described by I.J. Selikofi, M.D. and W.J. Nisholson, Fh.D. In
essence, the method followed can be subdivided into the following steps:

1. A specific volume of air was passed through a milliipore
filter.

2. A known portion of the filter was ashed in a low temperature
activated oxygen asher, to remove the organic material,

3. The residue after ashing was dispersed in nitrocellulose
by a "rubout" procedure. By this procedure, the fibers
were disaggregated and finely dispersed which was criticeal
for the identification of chrysotile fibers in TEM,

4. The fibers were screened at 10,000 x instrumental and
100,000 x total magnification. Chrysotile fibers were
identified by the following guidelines:

a. tubular staw-like structure;

b. partially damaged (by EM beam) fibers exhibiting
dense, irregular inner region, freguently with thin
capillary and electron transparent irregular outer

region.

5. The lengths and diameters of the identified fibers were
measured by comparing with the fiduci marks on the viewing
screen.
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The mass of Chrysotile was calculated by a computer
anzlysis based on the following relationship: the

known volume of air passed through the filter; the area
of the portion of the filter ashed, the entire amount of
the residue (about 10% was lost) dispersed in a known
area of nitrocellulose film, the known portion of the
total areaz of the nitrocellulose film collected on an
EM grid and size as well as number of asbestos fibers
counted on & few squares of the EM grid, to generate

raw data on the numbers and the sizes (length, diameter)
of fibers on the total area of a single grid sqguare.

The accuracy of the method is * 30% - 50%; however,
comparative data provided useful information.

In summary, only Chrysotile fibers exhibiting typical morphology were
counted; degenerated fibers with atypical morphology were excluded
from the count. Therefore, guantitative values were underestimated
and gquantities greater than ambient have significance.
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SECTION II  EVALUATION

PART 11,0 - 19.0
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PART 11.0 VACUUM SOURCE EVALUATION

In addition to air quality monitoring and project inspection, the
vacuum system including Packaging Unit and the truck (source) was
evaluated as a single entity in relation to ambient air contamination.
The intention of this evaluation was to record vacuum intake and ex-
haust velocities in relation to carrying capacity of particulates and
to evaluate the filter efficiency of the HEPA equipped system.

It was understood and mandated in the original grant application and

- contract negotiations with DVS that the vacuum system provided must be
equipped with HEPA filtration of the final exhaust and with efficiency
capabilities of 99.97% to .3 microns. The actual efficiency of the
filter system has been determined by three independent methods;
particulate impaction of final exhaust onto an open face large volume
air sample, simultaneous isokenetic particulate sampling and analysis
both on the vacuum intake line and the final exhaust gas, and HEPA
filter evaluation utilizing the DOP (aerosolyzed dioctyphthalate)
penetration and detection method.

SUBPART 11.1 PARTICULATE IMPACTION

Particulate Impaction was conducted utilizing the Flow Sensor Constant
Flow Sample at 14.15 SCFM as measured on a calibrated rotometer. This
sampling pump is equipped with a differential pressure flow controller
which maintains the constant flow rate for the entire sampling period
regardless of pressure changes. The Flow Sensor was utilized to pull

a known voplunz- of air through a typical millipore cellulose membrane
filter. This filter was mounted in an open face, plastic cassette.

The face of the filter was positioned such that the plane of the filter
was parallel to the plane of the mouth of the horizontal duct which
discharges the finzl exhaust. The face of the filter was positioned
at such a distance removed from the exhaust discharge (8 - 10 1f) and
at the exact elevation of the center line of the circular exhaust duct.
This positioning was chosen as the expected optimal location such

that the volume of air sampled, along with the moderate impaction caused
by the exhaust stream, would include an accurate representation of the
particulate matter excaping final filtration and without allowing am-
bient pollutant interferences. Air currents were observed, and this
hypothesis appeared accurate, by utilizing the Drzeger Smoke Tubes.
Visible white smoke was continuously introduced at the mouth of the
exhaust duct and currents were observed such that the most complete
mixing and moderate impaction properties occurred at that location which
was chosen for the collection of particles. 2ll analysis of these
samples was conducted by Transmission Electron Microscopy.

SUBPART 11.2 ISOKINETIC TEST DESCRIPTION

Isockdnetic sampling was conducted simultaneously as an additional method
of assessing particulate removal efficiency of the vacuum system equipped
with various stages of filtration. Two sampling ports were provided
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temporarily, the inlet location being on the intake duct, approximately
22 feet upstream of the packaging unit, and the outlet location being on
the final exhaust, downstream of HEPA filtration, approximately 5 1/2°'
downstream of the 90° bend. At both test locations, sections of sch 40,
' PVC pipe, 6" ID, with 6" x 6" x 3" elbows centered in the sections, were
inserted. (See Photos 19 and 20). The insertion of the test sections

in the inlet line was to create straight, laminar flow conditions and

to meet specifications of EPR Stack Test Method No. 2, Determination of
Stack Gas Velocity and Volumetric Flow Rate. The same criteria applied
to the outlet location and the test port was positioned 5 1/2' downstream
of the bend in the duct to achieve 11 duct diameters from the disturb-
ance.’ (See Photos 21 and 22).

The testing was conducted utilizing the Research Appliance Company
"Stacksampler™ Portable Gas Sampler, Model No. 2343. Two separate
control boxes were provided along with six sample boxes, housing filter
and impinger trains, such that three independent runs could be taken
simultaneously. All testing was conducted in strict accordance with
EPA Method 5, Determination of Particulate Emissions From Stationary
Sources, as described in the Federal Register, Volume 42, No. 160,
August 18, 1977. In addition, ANSI/ASTM Method D=-3685-78 "Standard
Test Method for Particulates and Collected Residue Simultanecusly in
Stack Gases" was consulted for comparison of calculations. This method
is intended for sampling of particulate residues in dry or wet gas
streams before and after particulate control egquipment and for calcula-
tion of control device particulate collection efficiency.

SUBPART 11.3 ISOKINETIC TEST METHOD SUMMARY

The test method employed was essentially the standard EPA Test Method 5,

with modifications. Due to the size of the ducts (€ inch diameter), it

was decided to sample at six locations across the duct at the following
points, in inches from the duct walls: 0.5, 1.5, 2.5, 3.5, 4.5, and 5.5.

Both the inlet and outlet ducts used the same sampling point locations.

~ Each point was sampled for a period of ten minutes for a total test time

of sixty minutes. One sampling port was used at each locaticn. Three
individual tests were conducted at the inlet and three individual tests

were conducted at the outlet. Each duct sampling port was located in a

long straight run, well over eight diameters downstream from flow disturbances.

The inlet and outlet tests were essentially conducted similtaneously,
with the exception that the outlet tests were started two minutes prior
to the inlet tests to facilitate moving the probe.

Removal COperations During Tests

During the test seguence, the workers were removing ceiling material from
the inner office area of the Montville High School. The removal con-
sisted of scraping and wire brushing the ceiling material. During the
test series, the vacuum hose was never allowed to function as a vacuum
cleaner picking up large pieces of material. Rather, it was used to
simply evacuate the ambient air around the workers. The flexible vacuum
hose was typically attached to scaffolding in the vicinity of the workers
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to create a negative pressure. It was decided that if the wvacuum hoses
were allowed to entrap the large pieces of materisl, they would clog the
‘small nozzle and disrupt the isokinetic sampling. This also explaing
the rather small amount of airborne material flowing in the duct to the
vacuum truck. The test results do not reflect the amount of material
being removed, but rather theyv display the collection efficiency of the
filtering unit for the smallier airborne particles. (Table VI)

This test method is an accurate one during all vacuuming operations and
the test results would also be typical for zll vacuuming operations for
all of the larger pieces of material would drop out at a collection
efficiency of 100%.

TABLE VI
RESULTS SUMMARY
Isokinetic Duct Sampling

Run #1 Run #2 Run #3
Inlet, Lb./Hr. 2.11 0.754 4,23
Outlet, 1b./Hr. 0.009 0.010 0.012
inlet, Grains/SCF 0.321 0.106 0.599
Outlet, Grains/sCF 0.001 0.001 0.001
Efficiency: 99.68% 98.78% 98.72%
Efficiency: 99.69% 99.06% 99.84%
Average Efficiency: 99.46%

During test No. 2, the workers were at lunch break. The flexible hose
was positioned in the work area to simply evacuate that area.

The pressure drop across the filters was approximately 12" during all
three tests, as measured on the truck equipped magnehelic gauge.

Bnalysis of particulate loading in the isokinetic stack test is conducted
by gravimetric measures on the filter media, including the loading
attributed to the probe wash. Please see pppendix Bfor presentation of
the test data in its entirety apnd zlso for the complete

report and caluculations. '
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SUBPART 11.4 DOP DETECTION TEST

The use of dioctylphthalate (DOP) in an aerosolyzed form has been
emploved for testing the integrity of the HEPA filter only. In
review of ASTM F91-70, Standard Practice for "Testing for Ieaks in

" Filters By Use of a Condensation Nuclie Detector" it was determined
the truck mounted HEPA filter should be evaluated independently.

. As discussed previously in various parts, the utilization of HEPA
filtration is essential in the filtering of exhaust air at an asbestos
removal project and is mandated under the OSHA Regulation3 which in-
corporates ANSI Z9.2 - 1971.8 For this evaluation, the use of a
forward light scattering linear photometer was utilized. The equip-
ment and procedures emploved were in accordance with:

. Federal Sténdard 209B, Paragraph 50

. Air Force Technical Order No. 00-25-203

. ANST N101-1-1972

. American Association of Contamination Control

Cs-IT, CS-2T

DOP Test Method and Egquipment

The method involves a vacuum pump drawing a gas through the scattering
chamber, causing any particulate matter in the sample to pass through the
focal point of the cone of light, causing light to be scattered forward
through the dark area. The phototube is activated by the forward
scattered light and sends a signal to an amplifier and a linear micro-
ammeter. This method has proven quite successful in the measurement

of leaks in high efficijency filter systems. 1In establishing the
integrity, it is necessary to use a challenge agent, such as the
aerosolyzed DOP as a test aerosol, The challenge agent is necessary
because it is assumed that pre-filters have removed enough particulate
matter that there are insufficient particles to give a valid test.

The test aerosol was introduced into the upstream side of the filter
ithrough a 1/4" sampling port. The challenge agent should be introduced
such that adegquate mixing is insured. A sample of the aerosol air mix
is taken from the upstream side and used to set the 100% baseline,
since it is the concentration of the challenge aercscl. 2 handlemeter
" probe is passed along the perimeter of the filter as well as across

the face of the filter in overlapping strokes. Particles passing
through/around the filter are then detected as described.

Instrumentation used for this testing included the Alnor 8500, the
TDA-2D Particulate Detector as manufactured by 2ir Techniques, Inc.,
and the Climet CL-208. ({Seec Photo 23)

Test Summary

The one HEPA filter, mounted downstream of the vacuum pump on the truck,
was tested. The filter is 24 x 24 x 11 1/2 inches. The velocity re-
corded was 2,000 fpm with a pressure drop of 1.5 - 2.0 inches of water
across the HEPA. No leaks were detected and an efficiency rating of
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99.99% was applied. The highest particle count recorded at the .5 micron
size was 57, and the highest at the 5.0 micron size was zero. It was
recommended that this filter be tested within 6 months of 1,200 hours

of use. Please see Appendix E for the test results.

SUBPART 11.5 VELOCITY DETERMINATIONS

In addition to the test methods described above, gas wvelocity and
volumetric flow rates were developed on both the intake and exhaust
lines to investigate carrying capacities of the wvacuum system. Sampling
ports utilized were as described in the isokinetic method. Here PVC
ports were rotated such that both East-West and North-South traverses
could be accomplished. Velocity was obtained utilizing a2 Dwyer Inclined
Manometer and Standard Pitot tube, in accordance with EPA Methods 1 and
2, "Determinations of Traverse Points and Velocity of Gas Streams,”
Pederal Register, Volume 42, No. 160 of August 18, 1977 with slight
modifications. Six sampling points were chosen across each traverse

- to determine Ap (avg.). The AS-10 vacuum system provided by DVS was
equipped with a magnehelic gauge to measure velocity in inches of

water. Please refer to Table V for the results of the velocity deter-
minations.

PART 12.0 TIME WEIGHTED AVERAGES
ELMWOOD PARK

The OSHA regqulation which governs the permissible exposure to airborne
concentrations of asbestos fibers is listed under Code of Federal
Requlations Title 29, Part 1910, Section 1910.1001 {(b) is stated below
to define the TWA exposure limits,

(b) Permissible exposure to airborne concentrations of
asbestos fibers.

(1) standard effective July 7, 1972. The 8-hour time-
weighted average airborne concentration of asbestos
fibers to which any emplovee may be exposed shall
not exceed five fibers, longer than 5 micrometers,
per cubic centimeter of air, as determined by the
method prescribed in paragraph (e) of this section.

(2) standard effective July 1, 1876. The 8-hour time-
weighted average airborne concentrations of asbestos
fibers to which any employee may be exposed shall not
exceed two fibers, longer than 5 micrometers, per
cubic centimeter of air, as determined by the method
prescribed in paragraph (e) of this section.

(3) Ceiling concentration. WNo employee shall be exposed
at any time to airborne concentrations of asbestos
fibers in excess of 10 fibers, longer than 5 micro-
meters, per cubic centimeter of air, as determined
by the method prescribed in paragraph (e) of this
section.
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The sampling program conducted by K&D can be more accurately compared
to the Ceiling Concentration as our samples were collected in the work
area, -during actual removal, representative of the worst possible
exposure levels.

The 8-hour exposure can then be hvpothetically computed based on one
representative worker's daily assignment schedule. To determine a
TWA exposure, all exposure levels, or all different exposure environ-
ments, which the worker is subjected to in an eight (8) hour period
must be considered.

For all intents and purposes, a ktypical DVS worker would divide his
day into the following segments:

1) Preparation and suit-up in clean area
2} Morning work session in work area

3) Break and decontamination for lunch
4) Afternoon work session in work area

Therefore, a typical eight (8) hour work day would include:

.b hours in clean areas, outside
.5 hours in clean areas, inside
7.0 hours inside work area

At any one time, any worker would complete any work task in the conta-
minated area such as scraping, brushing, vacuuming, and cleaning up.

Below, please see Table VII for the fregquency of testing in various
areas, at various job tasks, to compile dataz for the TWA determination.
This table includes all samples and analysis conducted during dry re-
moval operations only, utilizing PCM data only.
TABLE VII
ETMWOOD PAEK
Summary of Airborne Concentrations of Asbestos

Phase Contrast Analysis Only

No. of Average C Highest
Samples in Recorded C
Location/Task Coliected £/cc in f/cc
Inside Building
General Work Area 17 1.325 5.0
Personnel, Work Area 14 1.524 4.33
Clean-Up, Area 13 .007 .05
Outside Decontamination Chamber 26 : .048 .207
Clean Areas 8 .026 .083
Outside Building
Packaging Unit 2 .345 .537
Outside, Ambient,

Contractor's Area 6 .018 .06
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The small amount of data accumulated under the wet removal conditions
were not included in Table VII, though the actual concentrations ob-
tained were lower by approximately 41%.

TABLE VIII
ELMWOOD PARK

‘Worker Exposure: Wet vs. Dry Removal

Wet (avqg) Dry (avg)
General Area Samples
During Scraping and Brushing : .875 £/cc ‘ 1.325 f/cc
Personnel Samples
During Scraping and Brushing .783 f/cc 1.522 £/cc

As listed in OSHA Regulation 1810.100, Sub Part 2 (c) lists the follow-
ing computation formula for TWA exposure.

The comulative exposure for an 8-hour work shift shali be computed
as follows:

E = + vesmanee )
( C Tt G * chn)

8

Where: equivalent exposure for the working shift

tx
n

it

concentration during any period of time, where
concentration remains the same

T = the duration of exposure (C) in hours

Kaselaan & D'Angelo has computed the average concentration (C} based

~ on our sampling program and recorded the highest concentration encountered
which can be directly compared to the ceiling concentraticn limitation

of 10.0 £/cc. (See Table VII)

By utilizing the average concentrations observed, Kaselaan & D'Angelo
has computed the TWA for the various job taks as indicated below.

TWA Ceiling
Scraping and Removal (Area) 1.16 5.0
Scraping and Brushing (Personnel) 1.34 4 .33
Cleaning Up .01 - .05

A1l concentrations are presented in f/cc.

(For all computations, the concentration of .048 f/cc was utilized to
represent exposure levels on clean side of barriers while still 'in the

building where as .018 was assumed for exposure while outside of the
building.)
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pART 13.0 DATA EVALUATION, ELMWNOOD PARK

SUBPART 13,1 WORKER EXPOSURE

The initial observation of the data generated indicates worker exposure
is lower than anticipated for a dry removal operation. In comparison,
dry removal operations have generated indoor airborne concentrations

at 15.0 - 20.0 f/cc9 under similar bulk material and work practice con-
ditions. The indication here is that the vacuum system has proven
effective in serving as a dust reduction control. This can be further
exemplified by the extremely high concentrations (3.7 times the average)
on the first days of removal. The high concentrations normally occurring
on dry removal operations can be attributed to the lack of sufiicient
air cleaning of residual fibers; therefore, causing a compound loading
in regard to length of the project. If the airborne particulate level
is not sufficiently reduced on a daily basis, the next dav's (shift's)
activity will produce additional contaminants as well as cause re-
entrainment of the previous day's dust.

The PCM data indicates the vacuum svstem is also effective in producing
an inward flow of air as the levels outside the decontamination chamber
and in clean aides of barriers is acceptable. Those instances when
fibers were detected at their locations can be attributed to incomplete
personnel decontamination.

The use of the supplied air respiratory syvstem is assumed a pre—caution-
ary measure and has proven sufficient for the concentrations observed

in this study. Use of a secondary dust mask to protect workers during
the donning and removal of the air hats, as well as an emergency

~ evacuation protection, is recommended. Also, the observed and potential
problems with the ailr compressor system warrant use of the secondary
respirator or dust mask.

The SEM analysis indicated the presence of small {less than 5.0 microns)
and thin (less than .5 micron) Chrysotile fibers, undetected by the light
microscope. This further reinforces use of a supplied or powered air
system, effective in protecting against these small thin fibers. The

SEM has proven a valuable analytical method, far superior to the Phase
Contrast microscope, for assessing the airborne concentration of a1l
asbestiform fibers.

The concentrations obtained during the attempted wet removal are indeed
lower than those observed during conventional projects. It has been
proven that wet removal can occur with concentrations below 1.0 f/cc
ceiling.lo The average levels detected during dry operations of this
study closely resemble those observed in many of the wet removal projects
observed by K&D and the NJDOH. This also reinforces the effectiveness

of the vacuum system in dust reduction control.

The TEM data indicates extremely high concentrations of asbestos fiber

in relation to ambient levels in the work area. This data reinforces the
need for the supplied air system as the method allowed for detection of
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ELMWOOD PARK MUNICIPAL BUILDING

ATR SAMPLE ANALYSIS VIA SEM

Photo 01.

Photo 02.

Photo 03 & 04.

Scanning Electron Microscope indicating high concentration
aof fibrous materials (Sample 0910). Sample collected cn
worker during brushing and scraping of ceiling during dry
conditions. Vacuum system operating immediately adjacent
to worker. Note large chrysotile bundles as revealed in
TEM analysis of bulk samples.

Photo-micrograph depicting X-Ray snalysis of fibers counted
in Sample 0910. Positive identifications of Chrysotile
asbestos.

Depicts SEM analysis of final (Post) tests conducted after
final clean up. Photographs depict no fibrous materials
detected.
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fibers far beyond PCM. If the EPA's factor for converting fibers to
nanograms is utilized, a level of 6.32 f£/cc was detected on Day 02
inside the work area, personnel sample.

SUBPART 13.2 REMOVAL SYSTEM

In general, the removal machinery functioned fair from the standpoint
of the release of Chrysotile asbestos fiber into the environment
through the exhaust gystem in relation to ambient values. The high
value in the first day of operation could be explained by initial
maladjustment of the equipment or residual materiazl.

Five problem areas are evident:

1. The vacuum hose might have developed some leak.

2. The connection thru outside window might have
developed a lezk.

3. The packaging area showed a very high count indicating
the need for some sealing.

4. The contractor discovered a window left open while
sampling pumps were operating on the first day.

5. The high count around the truck might have originated
from the back pressure developed from the stopping of
the pump. A shielding of that area may prevent signi-
ficant release of ashestos fibers into the zir. A
total sealing of all joints and connections in the
system, including gaskets around the bulk container,
is recommended.

SUBPART 13.3 MORPHOLOGY OF THE CHRYSOTILE FIBERS COUNTED

Transmission electron micrographs have been presented in Figures 1 - 6.
The fibers have characteristic tubular appearance: the beam damage
seen in the micrographs developed due to the exposure time taken during
the operation of the camera. The damage usually develops within a
fraction of a2 second to a few seconds, depending on the intensity of
the electron beam. The brittle nature of the fibers is noted from the
rugged end of the fibers., Although quantitative size analysis of the
asbestos fiber cannot be done because the samples were prepzared by a
"rub-out”™ technicque, & qualitative comment on the gross differences
can be made. Note that truck exhaust samples or samples from the
scraping area show very small size of the fibers. The breakage of the
fibers by mechanical shock might have reduced the size of the fibers.

SUBPART 13.4 POST-REMOVAT. CONDITION

In order to evaluate the effectiveness of the removal operation on the
airborne asbestos content, the room air was monitored following the
removal. The uniformity of the evaluation was maintained for comparison
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Fig. 1. Daj,7 2, Personnel Monitor, Work Area Scrapping - 25,000 x

Fig. 2. Day 1, (shows partial beam damage) Contractor Staging Area. Intake hose -
100,000 x

D = Dust partical ; C = crysotile asbestos fiber ; Arrowheads show the capillary
space at the core of the fiber.
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Fig, 3 - Blank, 25,000 x

Fig. & - Day 3 - Large volume outside top of vacuum truck, 25,000 x
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Fig. 5 - Day &4, Large volume down wind truck exhaust, 25,000 x

Fig. 6 — Day 5, Large volume down wind truck exhaust, 25,000 x
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between the pre- and post-removal condition; the same rooms and
identical sampling conditions are used. The results clearly indicate
reduction of the asbestos content to ambient level. However, relatively
high value in the Police locker room air indicates residual fibers in
this small dead-end room with low circulation.

One significant point is the low Chrysotile asbestos content in the
Municipal Court room located in the upper level. The ceiling of this
room has not been removed. This low count may have been due to the
height of the ceiling and very slow release of the fiber into the
environment. The high asbestos content in the lower level might have
- been caused by both small volume of the room air and its poor circula-
tion. However, a significant but paradoxicel point to note is that in
spite of high asbestos content and poor condition of the building
structural material, the release of ashestos in to the enviromment was
unexpectedly low. Hence, bulk analysis of the building structure
material only is a poor indicator of the real contamination of the
environment. The form the asbestos takes in the building structure
€.g., length of the fiber, binding with other fiber matérial, low rate
of air circulation, etc. determines the net air polliution. Analysis
of the environment by high resolution TEM or SEM methods is a valuable
guide for the determination of asbestos air pollution.

PART 14,0  TIME WEIGHTED AVERAGES
MONTVILLE HIGH SCHOOL

As described under PART 12.0 of this report, the 8-hour time weighted
average can be hypothetically computed based on one (1) representative
worker's daily assignment schedule. To determine this TWA, all exposure
levels or zll different exposure environments to which the worker is
subjected to in an B8-hour period must be considered.

A typical 8~hour work shift for a DVS emplovee would include:

.5 hours in clean areas, outside
.5 hours in clean areas, inside
7.0 hours inside work area

At one time, any worker would complete any work task in the contaminated
area such as scraping, brushing, vacuuming, or cleaning-up.

Following, please see Table X for the frequency of testing in various
areas, at various job tasks to compile data for TWA determinations.
This table includes all samples and anzlysis conducted during the dry
removal utilizing PCM data only.
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"By utilizing the average concentrations observed, ¥K&D has computed
the following TWA concentrations:

TWA Ceiling
Scraping and Removal, General Area 164 .942
Scraping and Removal, Mobile Containment .567 1.170

For all computations, the concentration of .08 was utilized to represent
exposure levels on clean side of barriers while still in the building
where as —-0- was assumed for exposure while outside of the building.

TABLE X
MONTVILLE HIGH SCHOOL

Summary of Airbbrne Concentrations of Asbestos

Phase Contrast Rnalysis Only

No. of Average C Highest

Samples In Recorded C
Tocation/Task Collected £/cc In f/cc
Inside Building
General, Work Area 12 .375 . .842
.Personnel, Work Area 3 L1122 L1713
General, Inside Mobile Containment 5 .365 .788
Personnel, Inside Mobile Containment 4 .643 1.170
Clean Areas 3 .044 L1312
Outside Decontamination Chamber 3 .116 .305
Outside Building 2 -0- -0-

PART 15.0 DATA EVALUATION, MONTVILLE HIGH SCHOOL

SUBPART 15.1 WORKER EXPOSURE

The visual observation of the effectiveness of the vacuum system in
reducing airborne contaminants is considered being unsatisfactory.
All visual observations indicated high levels of suspended (airborne)
solids. The resulting asbestos concentrations, as indicated by the
PCM data, are much lower than anticipated.
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As previously discussed, dry removal ogerations typically produce
concentrations as high as 20.0 f/cc.9& 0 7he obvious dust levels
observed in the inner office removal and again in the mobile containment
chambers led observers to anticipate extremely high concentrations of
asbestos fiber. Possible reasons for recorded concentrations of asbestos
to be low are:

1, Difficulty in viewing and counting fibers via Phase
Contrast Microscopy due to the interference of
particulates and solids.

2. Low content of asbestos fiber in the ceiling material.
Bulk samples indicated 1 - 4% Chrysotile.

Therefore, the PCM data does not accurately display the potential
exposure problems which existed in the work area. This is further
confirmed by the Scanning Electron Microscopy analysis of a work area
sample (Day 05) which indicates and depicts the large guantities of
debris and solids on the filter. The microscopist inciuded comments
as to the difficulty in counting.

Also, by utilizing gravimetric analysis and investigating total, or
nuisance, dust concentrations, as accurate determination of airborne
contaminants other than asbestos can be made. Personnel exposure to
airborne dusts, within the mobile containment systems, reached as high
as 293 mg/M3 or 17 times the OSHA permissible TWA concentration exposure
Dust concentrations in the general work area averaged at 30 mg/M3 or

2 times the 8-hour TWA. The PCM data indicates that the vacuum system
was ineffective in creating a substantial negative pressure in the work
area. This is exemplified in air samples collected on clean sides of
barriers in such areas as the cafeteria. The Contractor attempted to
construct plastic barriers utilizing duct tape and staples to wooden
strips for fastening. These barriers were ineffective and continuously
failing, which prompted air and surface dust sampling immediately
adjacent to these barriers on the "clean" side.

The proper construction of temporary plastic barriers and the durability
of these barriers throughout the length of the project is a chronic
problem among asbestos removal contractors. It had been assumed that

the negative pressure produced by the vacuum system would czuse sufficient
airflow into the work area such that airborne fibers could not migrate
out against the ailrstream. fThough actual air currents were not measured
at the faulty barriers, it is apparent by the TEM and PCM data that this
did not occur. High values were reported in the cafeteria via TEM
analysis and the positive presence of asbestiform data was observed via
PCM in the “clean" corridors.

This indication that the vacuum system's negative pressure being in-
effective conflicts with that observed at Elmwood Park. This is
attributed to the large work area and the corresponding volume of the
rooms to be evacuated. Whereas the intake, the velocity of the vacuum
system,on a whole, has been computed at approximately 800 SCEM. The
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necessary time to evacuate an indoor area is substantially increased at
Montville. It is assumed that the vacuum intake flows were not capable
of providing complete evacuation; therefore, dust reduction control
was ineffective. Please see PART17.0 for a more detailed presentation
of this principle.

As indicated in the Elmwood Park evaluation, the use of a supplied

air system is a precautionary meausure only. In retrospect, the actual
values obtained in the work area, subject to OSHA permissible exposure

" levels, would indicate the required respiratory protection to be Class 2.
KeD feels the use of the Class C is substantiated by the potential

levels which are commonly produced in dry removal operations. In
addition, the use of z secondary dust mask is necessary as an emergency
protection device should the supplied air system malfunction. 2also, the
limited TEM data collected within the work space warrants the use of
supplied air. The levels obtained via TEM in adjzcent clean areas,

and again during clean-up operation, exceed ambient levels substantially.
Due to the high levels of airborne dust produced in the work arez it

was difficult to obtain accurate concentrations via TEM. It is assumed
that had additional sampling been successfully conducted during actusl
scraping operations, the subsequent exposure levels would be extremely
high in contrast to ambient. In this type evaluation, the SEM analysis
proves more desirable than the TEM as the SEM report does indicate a
concentration and an explicit micrograph which displays the heavy loading
of the filter media; where as TEM report simply indicates Too Numerous
To Count.

There was no wet removal conducted at this project location for comparison
data. Air concentrations produced on previous wet removal projects
monitored by K&D, where similar cementious asbestos plaster was meanually
removed from a plaster substrate on wire lath, shall be utilized for
comparison purposes.

SUBPART 15.2 REMOVAL SYSTEM

Specifically, the removal machinery functioned fair from the stand-
point of the detection of Chrysotile asbestos fibers in the exhaust

of the vacuum truck via TEM analysis. When compared to ambient levels,
the exhaust values were low.

This low count can possibly be attributed to the low percentage of asbestos
in the bulk material. Therefore, if vacuum exhaust was the only criteria
in the system for possible outside contamination, the increase in levels
would equal the exposure one might encounter in most urban, industrial
areas in the North East. The efficiency of the vacuum system is also
acceptable when evaluated via total particulate removal. BAs previously
presented, simultaneous isokinetic duct sampling at the inlet to the
system and the truck exhaust had been conducted. Values obtained indicated
a filter efficiency of 9%.46%. It was determined by the Elmwood Park

data that PCM analysis was ineffective in evaluating the vacuum exhaust
and ambient air, and was conducted outside the building only twice at
Montville, This is attributed to the low (.1 £/cc) levels, less than

the accurate minimum detection level.
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PHOTO LEGENDS

MONTVILLE HIGH SCHOOL

ATIR SAMPLE ANALYSIS

Photo 001: Sample of final {post) test after final clean-up of
outer rotunda work area. Photo depicts one short,
thin fiber counted.

Photo 002: - Sample of final (post) test after final clean—up of
inner offices woxrk area. Photo depicts one short,
thin fiber counted.

Photo 003: Sample of work area (stationary) during removal of
ceiling. Filter extremely overloaded and difficult
to count. Photo depicts non-fibrous binder with
small asbestos f£ibers present.

Photo 004: Photo of X-ray analysis of fiber counted. Posifively
identifies chrysotile ashestos.
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When evaluated on a whole, the vacuum system, including flexible hoses
and packaging unit, is a direct source of ambient air contamination.
Levels obtained via TEM analysis, in all samples collected adjacent to
the truck and immediately adjacent to the door of the packaging unit,
exceeded ambient levels. A sample collected in the Contractor's staging
area, adjacent to the packaging unit, indicated levels as high as eighty
{80) times ambient. The extreme heat, caused by solar radiation, forced
the worker to vacate the unit at freguent intervals. This frequency
caused abbreviated versions of proper personnel decontamination and
additional openings of the plastic baffles.

The fiber count inside the packaging unit, which was remote of the work
area, was very high. Although this high fiber count was natural and
anticipated and the worker inside was protected by a respirator, this
constituted a potential source for high contamination which was displayed
in this area,therefore, should be securely sealed to minimize the problem
of possible pollution during the removal process. Four problem areas

are evident:

1. Inefficiency of vacuum to successfully create negative
pressure within the entire work area along with;

2. Failing of temporary plastic barriers leading to migration
of fugitive asbestos fibers.

3. High count around the truck and packaging unit.

4. Y¥Wecessity to repeatedly wet clean surfaces even after
vacuum cleaning.

The increased fiber counts detected in the pre-sampling program, when
compared to the Elmwood Park location, has been associated with the
release of small asbestos fibers due to the rough surface meiling and
air erosion process. This theory presumes that the smaller fibers are
a result of mechanical grinding in the manufacture of the product and
the mixing with the binder. It is believed these smaller fibers more
readily become airborne when subject to any force; air erosion, abuse
of the ceiling, or during scraping. This can be reinforced not only
by the high pre-test values but by the high dust concentrations during
the removal and the need for repetitive wet cleaning. It is known that
the smaller the actual fiber, the greater the settling time. The
settling velocity is strongly dependent upon fiber diameter in addition
to fiber length and falling orientation.ll Therefore, it was necessary
to re-clean each time settlement of fibers occured. It must be noted
that the vacuum system was not being utilized during the final cleaning
at Montville.

This theory also presumes that the larger fused Chrysotile bundles
evident in Elmwood Park fireproofing would settle faster due to their
size. Also, the assumption includes that the large Chrysotile bundles
would be more completely bound within the additional fibrous and adhesive
materials in the bulk material all leading to higher airborne levels
associated with the smaller fiber. i

R review of TEM data for both project locations indicates conflicting

results. 1Indeed, higher levels were obtained during pre-sampling in
Montville. At all other test locations, higher levels were exhibited
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on Elmwood Park except in the packaging unit. Perhaps the air erosion
theory is accurate, and the higher levels at Elmwood Park are directly
co-related to high asbestos percentages of bulk materizl? There exists
‘only one conclusion which is positive and that is further research
concerning fiber size vs. airborne levels produced during asbestos

removal must be conducted. Again, the use of Electron Microscopy is
essential in the detection of these small fibers and should be included

in the evaluation of all asbestos removal operations. Sufficient data

is not available where Electron Microscopy has been utilized in monitoring
numerous asbestos removal processes.

PART 16.0 NOISE SURVEY

A noise study was conducted outside the building, adjacent to the wvacuum

truck. BAs is typical with zl1 contractors observed, the vacuum source
is extremely loud and is a serious point to consider when weighing the

~ pros and cons of utilization of this method.

A Bruel & Kjaer, Type 2215 Precision Sound ILevel Meter was used to cbtein
sound level readings. At all locations, pressure levels were mezsured
on the A scale, slow response at 1 KH, freguency. The instrument was
both pre- and post-calibrated at 94dB. Testing was conducted by holding
the meter at chest elevation, extended from the body at various distances
adjacent to the vacuum truck. In addition, the areas arcund the large
air compressor.'supplying breathing zir to the workers were measured.

SUBPART 16.1 VACUUM TRUCK LEVELS

As the vacuum system runs continuously throughout this removal, an

8 hour exposure is a continuous dose. The positioning of the vehicle
relative to the reflection caused by the large metal dumpster and the
metal packaging unit is responsible for the different levels measured
(see sketch). &as levels of 96 - 98 4BAR were not uncommnon immediately
adjacent to the vacuum truck, any employee whose task required his
presence in that zone for a total of 3.0 hours in any 8 hour shift,
woilld havea problem. As indicated in OSHA Regulation 1910.95, the
Permissible Noise Exposures are presented as a function of duration
exposure vs. sound level. Following please find these levels:

OSHA Regulation 1910.95

Table G-16, Permissible Noise Exposures

Duration Per Day Sound Level
Hours dBa, Slow Response
8 90
6 92 .
4 05 -
3 97
2 100
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Tt can be concluded that any worker whose job task requires his presence
in any zone displaying levels of 90 GBA or greater is capsble of viola-
tion of the permissible exposure. This situation exists for the supexr-
intendent for DVS, and it should be noted, this -~employee did utilize
noise reducing protection egquipment.

The potential problem arises with the effects of the noise levels on

the general public or those uninvolved personnel whose work or living
environment is adjacent to the vacuum truck or compressor. BAs levels

of 90 dBA were detected as far as twenty linear feet from the machine,
~it is possible that positioning of the truck could cause a noise violati
to the general public. It must also be pointed out that the Permissible
Levels, as indicated under OSHA, apply to the workplace only. Numerous
local oxdinances are in effect prohibiting noise levels which are
aggravating to the public.

on

Therefore, not only does a potential worker's hearing problem exist with

this equipment, the levels measured indicate a severe problem with
positioning and operating this type equipment in noise sensitive areas

such as hospital zones or after normal business hours (night shift). It

was quite apparent that this noise would have presented quite a problem
to instructors in the classroom surrounding the truck had school been
in session during this project.

Our recomnendation is that mufflers, silencers, noise control enclosures
and operations scheduling be mandated on all uses of the vacuum removal
system. In addition, personal protective equipment should be provided
by the employer for all workers whose job task requires their presence
in the staging area for operation or repair.

PaRT 17.0 NEGATIVE PRESSURE EFFECTIVENESS

T

Velocity determinations were conducted at various times on both the intzke

hose port and the vacuum truck exhaust duct. During these tests, the

pressure drop, as measured downstream of the primary filter, was recorded

from the magnehelic gauge mounted on the itruck. Below please find the
results of the duct velocities and volumetric flow rates.

VACUUM SYSTEM

Duct Velocity and Volumetric Flow Rates

Magnehelic Intake Exhaust

(Inches H,0) Ft/Sec ACFM Ft/Sec ACEFM
i0 80.3 948 66.2 780
iz 85.8 1,011 _ 70.9 835
28 89.7 1,057 £ 74.5 877
36 102.7 1,210 = 83.9 988

As measured via Standard Pitot Tube and Inclined Monometer
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The velocity determinations accumulated in conjunction with the
isokinetic duct sampling indicated slightly lower velocities at
12" E0. These are presented below.

Inlet Run 1 Run 2 =~ Run 3
Duct Gas Velocities (Ft/Sec) 70.9 77.0 76.9

Duct Gas Flow Rate {(Standard)¥* 767 832 8286

Duct Gas Flow Rate (Actual)#®* 835 206 906

Outlet

Duct Gas Velocities 87.6 21.9 91.5

aDuct Gas Flow Rate (Standard)* 891 927 214

Duct Gas Flow Rate (Rctual)** 1,030 1,080 1,080

*SCFM, standard temperature and pressure, 70°F, 29.92"Hg, dry
*FACFM,actual temperature and pressure

Therefore, it can be deduced that an average flow rate of 835 ACFM
through 1,000 ACFM was occurring on the intake line at the 6" ID and
immediately prior to the vacuum unit. When considering the 6" hose
was then diverted through various,randomly positioned, "Y' connections
and reduced to three separate 3" ID holes, each capable of only
approximately 300 ACFM. This estimated flow does not include reduction
connections for hose length, connectors, leaks in shutter wvalves, or
bends in the hose due to positioning as is directed in ANSI 29.2-1979.
If our calculations included loss, as a fraction of velocity, for type
opening, offset elbows due to bending, or the branch entries discussed
above, an even lower velocity can be expected. These losses, as well
as the contraction losses, were not computed due to the Contractor's
versatility in adding or subtracting hose lengths and fittings as well
as the constant repositioning of the hose causing bends. It can only
be assumed that, at times, the actual capture velocity at the intake
line could be lower.

Resuming a flow zate of 1,000 CFM on the intake 1line at 6" ID and
300 CFM after friction and configuration losses, at each intake, the
system's capability is low.

The most desirable exhaust system would be capable of exchanging all
internal air at a rate of once every 15 minutes. A system capable of
achieving this throughout the designated work area would produce a
significant negative pressure if all exhaust air is discharged outside
the barriers, as is the case with the vacuum system. Therefore, a
room with a floor surface at 200 £t~ and z 10' ceiling would account
for 2,000 cubic feet in volume. Assuming the desired exchange of once
every 15 minutes, air flows of $135 cfm would be necessary.

e

It is, therefore, apparent that the vacuum system is considerably more
effective in small work areas. This is exemplified in the two sites
observed. At Elmwood Park, the work area was broken into many small
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rooms with Iow (7 - 8') ceilings. Tt was also easy for the Contracter
toc achieve a satisfactory sealing due to the concrete decking. This
sealing is important in eliminating gross amounts of external make-up
air, allowing for a more complete air exchange. It can be concluded
that the vacuum system performed satisfactorily in regard to negative
pressure in Elmwood Park. This is reinforced by the fact that few
fugitive fibers were detected at the clean side of the decontamination
chamber and that after the bulk material was removed, the air became
free of zirborne f£ibers quite rapidly.

At the Montville location, conditions were somewhat different. The
entire inner rotunda was considered one work area. Even though plastic
drapes were hung over the doorways to each individual office, and those
offices not affected were supposedly sealed, these barriers were not
sufficient in providing the destruction of airflow. Assuming the inner
rotunda volume was 12,000 cubic feet, a flow rate of 800 cfm would be
necessary to achieve the once every 15 minute interval. Therefore,

the vacuum system would have been acceptable had the area been properly
sealed. 1In actuality, the "barrier" between the inner offices and the
outer rotunda was ineffective, allowing considerable make-up air fzom
the rotunda. This, along with the fact that scraping procedures pro-
duced numerous holes through the substrate and wire lath altogether,
aliowed for incomplete sealing and ineffective vacuum evacuation. This
is exemplified in the gross visible dusts in this area and the numerous
times re~cleaning was necessary. This concept is further reinforced

by our observations and test results in the outer rotunda. The numerous
holes through the wire lath and the incomplete sealing of barriers
delineating the work area allowed for considerable quantities of
make-up air from outside the asbestos removal envelope. This theory
was visually cbserved by conducting air current direction tests using
the Draeger Smoke Tubes. ' The total area of the rotunda and inner offices,
coupled with external make-up air made the vacuum svstem, operatlng at
approximately 1,000 cim, ineffective.

These observations pertain to the Mobile Containment Systems also,
although, these chambers were designed such that the internal capacity
of air would be evacuated approximately once every .5 minutes, there

was not airtight seals at the interface with the ceiling or at the
workers' access opening. This is demonstrated by the high concentrations
of visible airborne particulates as well as test data achieved on
workers during scraping. This is exemplified by the detection of fibers
outside of barriers as well as requirements for three final cleaning
operations. Had the vacuum been successful, the problem with airborne
particulates settling cut on three occasions would not have occurred.
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PART 18.0 PACKAGING UNIT VS. CONVENTIONAL METHODS

The incorporation of the external self-contained packaging unit was an
attempt to eliminate & handling step of the waste material. Theoreti-
cally, these would be a substantial reduction in labor costs as only
one employee would be needed to complete packaging of the material.

-In the conventional asbestos removal project, the waste material is
allowed to fall to the floor where workers manually collect the bulk

and £ill bags and/or drums. These containers are then carefully removed
£from the work area through the decontamination chamber where the exterior
ig first cleaned of fibers. The bags/drums are then manually loaded

intc a 20 or 30 cubic yard dumpster until being removed to the landfill.

It is our observation that the advantages of the conventional method
outweigh the use of the external packaging unit or the related auger
off-1oading systems seen on various vacuum systems. This is confirmed
with the following observation:

1. In the conventional method, the bulk material is handled
only once. The labor extended in collecting the bulk
material on the floor and loading into bags is equal
to the labor necessary to either vacuum the material or
compile the material for vacuum removal.

2. The labor necessary for workers to manually relocate the
bags from the work arez to the dumpster is egqual to the
labor necessary outside in moving the bags from the
packaging unit to the dumpster.

3. 1In the conventional method, all loading and handling is
conducted in the work area which is a known contaminated
area. The packaging unit has been identified as a primary
source of ambient zir contamination either due to ineffect-
ive sealing or the need for the worker to continuously
abandon the work station due to heat or to remove bags.

4. Costs for design, fabrication, maintenance, and power
supply necessary to operate an external packaging system
outweigh equipment and labor costs needed in the conven-
tional method.

The most apparent area of concern is the potential for gross contamina-
tion of the ambient environment due to the movement of the bulk material
cut of the work area, uncontained. As stated, the vacuum truck and
packaging unit proved sources of contamination in excess of ambient levels
as per TEM analysis. The fact that bulk materials are being passed through
temporary hose connections into and out of wvarious components at the vacuum
system leads to the possibility of a sever in connections and- asbestos
fibers being "pumped" into the atmosphere. Even the most sophisticated of
final exhaust filtration would be irrelevant should lezks develop on
components of the system under positive pressure.
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PART 19.0  AIRBORNE CONCENTRATION COMPARISONS

As discussed in the introductory sections of this report, airborne
concentrations during wet asbestos removal were not obtained during
the course cf this study.

Kaselaan & D'Angelo has conducted air sampling and analysis on numerous
asbestos removal projects. From our files, data has been compiled which
most accurately represents airborne concentrations obtained in and
around wet and dry asbestos removal projects. Projects with bulk
material and conditions which most accurately match those encountered
in Eimwood Park and Montville have been chosen. 2ll data presented has
been obtained via Phase Contrast Microscopy analysis. Various project
results are presented below for comparison purposes.

Birborne Concentration

Work Area Cutside Barriers
Project Description Wet/Dry  Avg. Ceiling Avg. Ceiling
Material Type: Fluffy, Bilown-0On
Lippman Hall D 7.65 29.2 -068 .506
Lzkehurst W .985 2.44 . .018 .05
Material Type: Cementious, Trowel-On
Woodstown W .10 .265 .03 .151
Salem W .12 .438 .010 .025
Atco o W  .220 1.35 .003 .017
Yavneh W | .17 .95 .012 .051
Deptford ' W .23 .50 .017 .075

A11 Sampling and Analysis Conducted by Kaselaan & D'Angelo via Phase
Contrast Microscopy, NIOSH No. 239.

In addition, a study has been conducted by Clayton Environmental Consult-
ants of Southfield, Michigan concerning the exposure of workers during
renovation involving asbestos in fireproofing insulation materials
sprayed on ceilings, The study was conducted investigating eleven
buildings where rencovation activities were taking place along with three
locations where removal was taking place. The results of their study
revealed airborne concentrations of .5 through 2.0 fibers/ce during wet
method operations and levels averaging 16.4 fibers/cc during dry removal
operations. Concentrations reported were detected utilizing NIOSH Method
No. 239 sampling procedures with Phase Contrast Microscopy analytical
techniques. As was the case in both sites observed in our study, the
‘type asbestos in the Clavton project was Chrysotile.
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In relation to the values obtained during this study, the following
observations can be made:

1. The vacuum system was effective in reducing workers®
exposure levels in relation to dry removal operations
without wvacuum exhaust as exhibited.

2. The vacuum system was ineffective in reducing workers'

exposure levels when compared to those commonly en-
countered during "conventional" wet removal operations:
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SECTION II1 FIMAL ANALYSIS
PART 20.0 - 21.0
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PART 20.0 COST EFFECTIVE ANALYSIS

To properly conduct an evaluation of the vacuum system, economic
considerations must be considered.

There exists expenditure which would ke required under both procedures
(vacuum vs. conventional) and these can be eliminated from consideration:

1. Tyvec disposable coveralls, eye protection, etc.
2. Dust Masks

3. Plastic sheeting and duct tape

i

Miscellaneous Hardware, lumber, and scaffolding
5. Medical examination cost
6. Project travel expenses

Specialized Equipment

There also exists items which are peculiar to the vacuum system only,
which cause a substantial increase in original capital outlay of a
vacuum removal contractural firm. These items would be:

1. Vacuum truck purchase/modification

2. Vacuum truck maintenance and repair

3. Packing unit purchase/fabrication

4. Supplied air respirator system

5. Air compressor purchase and ﬁaintenance

6. Power/Fuel consumption for operation
Therefore, based on the estimated costs present below, it is apparent

that the vacuum system procedure is substantially more expensive con-
sidering specialized equipment.

Procedure

Item Vacuum Conventional
Vacuum Source $120,000 N/2
Rir Filtration Units 3,000 $ 7,200
Portable Vacuum Cleaner N/ 8,500
Supplied Air Respirators 4,000 N/A
Air Purifving Respirators N/A 2,800
Rir Compressor 3,200 N/A

Total $130,900 £18,500
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Costs presented above are based on specialized equipment/supplies
necessary to equip eight (8) workers in attempting projects of the
size of our study. It is guite apparent that capital outlay involved
in conducting vacuum system asbestos removal grossly outweighs that
required in establishing a conventional removal operation. It is under-
stood that there could exist increazsed tax advantages and depreciation
incentives which might offset capital outlay costs, and these are not
considered in our evaluation. The costs estimated for conventional
removal operations above includes the preliminary purchase of two (2)
portable HEPA air filtration units and two (2) large capacity, HEPA
equipped, industrial vacuum cleaners.

SUBPART 20.1 COST COMPARISONS

Elmwood Park Municipal Building

The vacuum removal contractor has reported his actual costs for each
site on his invoice forms submitted the the State of New Jersey,
Department cf Health. These costs are presented following:

Elmwood Park Municipal Building

Personnel $ 7,575.85

Travel Expense 1,100.00
Supplies 5,238.53
Vacuum — DAS-10 Rental 14,000.00
Packaging Unit Rental .9,100.00
Air Compressor Rental 2,450.00
ASB Storage and Waste Containers 2,940.00
Portable Vacuums 920.00

542 ,894_38

Therefore, & square footage unit price could be extrapolated out to
$4.29 per square foot of materiazl. This unit price is competitive
with what the industry is experiencing at this time. Conventional
asbestos removal contractors commonly charge between $4.00 and $6.00
per square foot depending on conditions peculiar to the project and
current market conditions, as well as geographic location.

The unit price of $4.29 as exhibited by Diversified Vacuum Systems is
somewhat deceiving. The invoice indicates labor costs at $7,575.85
including supervision. Purther discussion with the accounting depart-
ment of DVS revealed a total of 1,100 man hours were expended. At the
total labor cost reported, the average hourly rate would be computed
at $6.89 per hour. This is obviously inaccurate as supervisor's rates
are normally at $12.50 per hour or more. Our cobservations indicated
the duration of the project to be at twelve (12) days. It can, there-
fore, be assumed that if supervisory labor at eight (8} hours per day
was removed, a more accurate total labor determination would be 1,004
hours. Therefore, supervisory labor can be assumed at $1,200.00 for
the project which, when subtracted out, leaves $6,375.85 for workers'
labor. Extrapolating this cost against total labor hours, a pay rate
of approximately $6.35 per hour can be assumed for the workers.
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As previously discussed, the use of a temporary labor force allowed
DVS to escape with this low labor rate. The prevailing wage most
commonly applied to a common laborer in the building trades is pre-
sently $10.60 per hour. Tt is not uncommon for local labor union
pressure, Federal project prevailing rates, or insulation worker rates
at $17.30 per hour be paid to asbestos removal laborers.

Therefore, in evaluating the total costs of labor vs. conventional
methods in a realistic sense more accurate labor costs should have

been at:

Normal Prevailing Wages

Supervisor Labor — ‘ - $ 1,200.00

Workers' Labor €@ $10.60/hr.—=———m———- 10,642.40
$11,842.40

Federal Prevailing Wages

Supervisor Labor —---—— — $ 1,200.00
Workers' Labor @ $17.30/hr.-—-=——=w—-- 17,369.20
$18,569.20

Using these labor rates, total contract costs would be more accurately
computed at $47,160.93 and $53,887.73 with respective square footage
prices being raised to $4.72 and $5.40.

When comparing man hours and labor rates acﬁually expended on this
project vs. what might have been expected had the asbestos removal been
conducted under conventional methods, the vacuum system appears more
expensive. Using production rates expressed below, a labor cost using
conventional methods can be computed.

Asbestos Removal: 250 ft2/day per man
Wire Brushing: 400 ft2/day
Final Cleaning: 1,100 ft2/day

At these production rates, a total of approximately 75 man days or

600 man hours would have been necessary for laborers to execute the
project. BAn additional 72 man hours should be included for work area
preparation and an additional 24 man hours for de-mobilization, bringing
the total to 696 man hours.

Rliowing the same twelve (12) days for execution, supervisory labor
would be at 96 hours.  Therefore, costs could be computed as follows if
conventional methods were used: v

Normal Prevailing Wages

Supervisor Labor (96 hrs. € $12.50/hr.) $1,200.00
Workers' Labor (696 hrs. @ $10.60/hr.) 7.,377.60
$8,577.60

Federal Prevailing Wages
Supervisor Lazbor (96 hrs. @%12.50/hr.) $ 1,200.00

Workers' Tabor (696 hrs. @ $17.30/hr.) '12,040.80
$13,240.80
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These labor costs are in excess of the labor paid by DVS only because
of the temporary labor force hired for this project. Had DVS paid at
either the general construction prevailing wage rate for laborers or
the Federal project prevailing wage rate, the labor costs would have
substantially exceeded those anticipated under conventional methods.

Montville High School

2t the Montville High School, the situation is essentially the same.
The vacuum removal contractor reported total costs as follows:

Personnel $13,799.50
Travel Expense 1,650.00
Supplies 7,672.38
Vacuum Rental 20,000.00
Packaging Unit Rental 13,000.00
Air Compressor Rental . 3,500.00
ASB Storage and Waste Containers 4,200.00
Portable Vacuums 700.00
Scaffold Supplies 6,179.50

§70,681.38

Unit prices would, therefore, be at $7.01 per square foot of material.
This unit price is slightly higher than what the industry is experienc-
ing at this time. BAs was previously discussed, this unit price is be-
lieved biased low due to the lower pay rates associated with the
temporary labor force. DVS has offered information indicating total man
hours expended at 1,300. These numbers conflict with what was reported
at Elmwood Park when compared to the invoices submitted by DVS. Accoxd-
ing to their figures, an average hourly rate of $6.89 was paid at
Elmwood Park as opposed to $10.62 average per hour at Montville.

Our cbservations indicated the project duration was a total of fifteen (15)
days. As was discussed in the Elmwood Park evaluation, more realistic
labor costs for the Montville site using guantities supplied by DVS

should have been:

Noxrmal Prevailing Wages

Supervisor Labor (120 hours @$12.50/hr.) $ 1,500.00
Workers' Labor (1,180 hrs. @310.60/hr.) 12,508.00
) . £14,008.00

Federal Prevailing Wages

Supervisor Labor (120 hours €512.50/hr.) $ 1,500.00

Workers' Lebor (1,180 hours €$17.30/hr.) 20,414._00
$21,914.00

Using these labor rates, total contract costs would be escalated to
$70,889.88 and 578,795.88 with respective square footage prices being
raised to $7.09 and $7.88.
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Using production rates expressed below, a labor cost using conventional
methods can be hypothetically computed.

Asbestos Removal: 200 ftZ/day
Wire Brushing: 300 £t2/day
FPinal Cleaning : 1,000 ft2/day

At these production rates, a total of approximately 93 man days oxr
744 man hours would have been necessary for laborers to execute the
work. An additional 72 man hours should be included for work area
preparation and an additional 24 men hours for final demobilizatiou,
raising the total to 840. -

Allowing the same fifteen (15) days for execution, supervisory labor
would be at 120 hours. Therefore, costs could be computed as follows,

had conventional methods been utilized.

Normal Prevailing Wages

‘Supervisor Labor {120 hours @$12.50/hr.) $ 1,500.00
Workers' Labor (840 hours €510.60/hr.) 8,904.00
$10,404.00

Federal Prevailing Wages

Supervisor Labor (120 hours @$12.50/hr.) - § 1,500.00
Workers' Labor (840 hours @$17.30/hr.) 14,532.00
$16,032.00

It can be deduced that, had conventional methods been employed at
Montville High School, labor costs at either wage, would have been
lower.

The following conclusions can, therefore, be drawn:

1. Capital outlay costs of the vacuum system grossly out-
weigh capital oﬁtlay‘necessary for a firm entering the
conventional ashestos removal trade.

2. Eguipment maintenance, upkeep, and repair costs on the
extensive sophisticated equipment associated with the
vacuum system outweigh maintenance cost associated with
conventional operations.

3. There existed no apparent labor reduction and relative
labor cost savings associated with the vacuum system.

4. Estimated labor costs to complete the project under con-
ventional methods are substantially lower than labor
expended by the removel contractor on this experimental
study.

5. There exists certain costs associated with asbestos removal

that are common to both the conventional and vaccum system,
such as: wetting agent, safety supplies, disposable
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coveralls, plastic sheeting, container storage, and
dump costs, etc.

6. Increased labor costs can be attributed to substantial
"down time" associated with the malfunction or the
potential for malfunction of the more sophisticated
equipment associated with the vacuum system.

This theory was exemplified in our cobservation of this experimental
project. At the on-set of Elmwood Park, substantial production time

was lost due to the malfunction of the supplied air system. Again,

.at Montville, down time was attributed to probléms with the vacuum

truck when foreign objects were drawn in and dameged the primary filters.

PART 21.0 CONCLUSIONS AND RECOMMENDATIONS

An overall evaluation of the vacuum system, as presented in various
preceeding sections, must be established after careful review of the
complex interaction of all concepts observed. It would be inaccurate
to judge or comment on the effectiveness and safety of the system
utilizing limited data variance. Kaselaan & D'Angelo has attempted
to describe all facets of the system, individually, and to now merge
the unique testing and appraisal data into some definite statements.
At first, a summary of all findings is presented.

1. There existed a definite need to evaluate the possibility
of pursuing innovative asbestos removal procedures,
methods, and technologies based on the growing concern for:
low level exposure effects, new EPA regqulations concerning
inspection for friable materials, stricter state guidelines
and an increasing number of ashbestos removal projects
being conducted on a country wide level.

2. There existed a need, through varied and more scophisticated
test methods, to evaluate the truck mounted vacuum system
for asbestos removal as more private enterprises are
making the equipment available for contractural arrange-—
ments and purchase.

3. Utilizing Phase Contrast Microscopy data only, there existed
no serious worker exposure problem throuchout the duration
of the project, including all possible djob tasks at both
sites. At no time did airborne concentrations exceed the
levels controlled by the type respiratory protection being
utilized, as delineated in OSHA Regulation and ANSI 788.2
1980.

4, Utilizing Phase Contrast Microscopy data, any/all worker
exposure problems were a direct result of workers' improper
practices; in decontamination or respirator usage.
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5. Utilizing Phase Contrast Microscopy Analysis, the vacuum
system, including all individual components, does not
present an exposure problem to unprotected personnel
outside, nor does the system produce contamination to
ambient environment.

6. Utilizing the DOP smcke penetration evaluation on the
final, HEPA filter, the system effectively achieves filtra-
tion efficiency of 99.97% at .3 microns, indicating the
exhaust would be clean.

7. Utilizing simultenecus, isckinetic, suspended particulate
sampling in the duct intake and final exhaust, the wvacuum
system, on a whole, achieves filtration efficiency of
99.46% (average).

8. Incorporating TEM and SEM data indicates serious contamina-
tion of ambient air and indication of possible worker
exposure problems. The majority of levels of airborne
asbestos outside of the building, either adjacent to the
components of the vacuum system or directly in the £inal
exhaust, revealed significantly higher levels than that
detected under optical microscopy. This is also true for
limited TEM data collected in known contaminated zones.

9. Use of gravimetric analysis indicated high levels of air-
borne, inert dust yvet the use of the ambient cascade
impactor was lmpractical and aborted.

10. There existed no substantial or obvious labor-saving

advantages to the vacuum system as opposed to conventional
methods. '

11. Various test data and observations indicated the vacuum
system was somewhat effective in evacuating airborne
particulates in Elmwood Park vet uneffective at Montville
High School.

12. Economic evaluations indicate no substantial cost savings
utilizing the vacuum system vs. conventionzl methods.

- There existed numerous obvious problems observed in the evaluation zas
well as identification of scurces of sericus potential hazards.
Specifically, these undesirable qualities are presented below;

1. The concept of drawing the asbestos material, along with
high concentrations of airborne particulates, unpackaged,
out of the work area presents a possibility of ambient
contamination of catastrophic proportions. Should the
equipment overload, malfunction, or breech con the positive
side, or should final HEPA exhaust filter puncture, asbestos
fiber could be literally pumped into the atmosphere.
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The higher level of technical and sophisticated eguipment
mandates more extensive training as to proper operatiocon
and the increased possibility of down time associated
with malfunction.

The lack of power interruption or carbon monoxide detection
alarms on the supplied air system makes possible serious
health and safety problems. Should the supplied air system
go down, the contractor made no provisions for safe evacua-
tion from the work area.

The inability of this system to successfully move wet or slurry asbestos
material forced the entire operation to be conducted under dry removal

conditions.

This alone results in the following specific problems:

The asbestos material being loaded into bags and drums was
completely dry. Should rupture occur in transport, storage,
or dumping, airborne asbestos would be maximum.

Needed emergency medical assistance in the work area would
be delayved until additional supplied air systems could be
provided.

There existed no emergency or back-up air filtration units
should wvacuum source malfunction.

Historically, our observations have indicated that contractors
involved in asbestos removal have continucus prablems with

~securing and maintaining temporary plastic barriers. B2as

was observed in this study, should barriers be breached or
faulty, the potential for contamination spreading is increased
due to the removal being conducted under dry conditions.

Additional questions raised as to the effectiveness as well as health and
gafety of the workers would be:

8.

The vacuum system makes necessary increased time, labor, and
materials to successfully decontaminate the flexible hoses,
packaging unit and bulk collection bin of asbestos fibers
between projects. These procedures and actions were not
monitored or evaluated during this study; therefore, it is
unknown what additional monies would be involved as well as
potential health risks to workers performing these tasks.

The mandated use of supplied air hats was a good precautionary
measure; although, the design of the system did not allow
workers to keep the units on until they had enteredithe
shower. Respiratory protection was, therefore, removed in

the contaminated zone. Secondary dust masks were not provided
at all times.
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10. The use of temporary, unskilled labor is undesirable
for this type work: OSHA required training and/or
medical examinations was not apparent.

Negative pressure effectiveness, as observed overall, was ineffective.
Problems associated with this concept would be:

11. Contractors' inability to completely seal the work area
(specifically, Montville School) along with causing holes
through substrate allowing for gross quantities of make-up
air.

12, Length of pick-up hose, volumetric flow rate capacity, con-
figuration of pick~up hose as well as volume of air in the
‘work area all contributed to the fact that the vacuum
system did not remove airborne particulates as expected.

13. Final wet mopping and clean-up operations, expected to be
unnecessary with the vacuum system, were required at the
same intensiveness and frequency as observed in conventional
procedures.

Final characteristics associated with the vacuum truck, which were found
undesirable would be:

14. The large diesel trucks commonly utilized as the power source
for vacuum removal aperations are a confirmed source of noise,
producing levels above OSHA regulations in some areas and
prohibiting use of the system in sensitive noise areas,
such as night hours in most municipalities or hospital zones.

The final evaluation of the system indicates it as being undesirable.
Based on observations presented above the following conclusions can be
drawn:

1. The vacuum method appears effective in removing construction
materials from a building into & packaged "product" ready
for disposal.

2. The vacuum method for dry asbestos removal is unacceptable
from a health and safety viewpoint as observed in this study.

a. Increased risk to workers as compared to conventional
wet methods of asbestos removal is evident.

b. 1Increased potential for ambient air contamination due to
increased handling of the materizal outside of the build-
ings exists, along with the possibility of equipment mal-
function causing disastrous (gross) contamination of
ambient air has been exemplified.

c. Tneffective final (HEPR) exhaust as per TEM results was
indicated by asbestos concentrations in exhaust air and
arcund truck higher than measured ambient levels.
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3. The final (HEPA) exhaust system proved to be efficient
when utilizing test procedures such as DOP smoke pene-
tration and detection, isckinetic, particulate capture
and Phase Contrast Microscopy, yet TEM results indicate
asbestos material not removed by final filtration.

4. The use of the Electron Microscope analysis, both SEM
and TEM proved essential in accurately determining presence
of airborne asbestos fibers.

5. The use of the Instantaneous Fibrous Aerosol Monitor (GCA)
proved necessary in monitoring the clean side of temporary
barriers during the asbestos removal, allowing for immediate
corrective actions or engineering controls to be instituted
when needed.

6. Tt appears that the degree of friability or the releas-
ability of asbestos fibers from the construction material
matrix cannot be judged from the visual zppearance of the
material. Evidence accumulated in this study indicated
the size fiber and relation to the degree of mechanical
destruction experienced in the original milling of the
mineral, play an integral part in the ensuing airborme
levels produced by the natural deterioration of the material
and that produced during removal activities.

7. The Phase Contrast Microscopy analytical technique proved
inferior and insufficient in accurately determining the
degree of ambient contamination resulting from the vacuum
system. The Scanning Electron Microscopy with X-Ray
Spectrophotometry capabilities is the most desirable in
counting and identifying particulate and fibrous material
on an air sample.

8. The overall cost evaluation of the vacuum system proved more
expensive than the conventional methods in equipment costs
and equipment operation costs. There existed no cost savings
attributed to labor reduction as a result of using a vacuum
system.

9. The overall evaluation and observation of all facets of
the removal and packaging of asbestos materials via vacuum
systems proved undesirable when compared to conventional,
manual wet removal operations.

10. The potential for related contamination problems is substan-
tially more evident when the vacuum removal system is utilized.

The following recommendations can be offered:
1. Additional study should be considered of conventional wet

removal operations utilizing Transmission Electron Microscopy
and Scanning Electron Microscopy.
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2. Additional study should be considered on innovative
asbestos removal operations using bulk asbestos vacuum
systems under wet conditions.

3. BAdditional study into the constituents, 'structure, and size
of the asbestos fibers found in bulk samples of fireproofing,
acoustical, or insulation materials should be considered
in the overall decision as to corrective actions. These
criteria, along with extensive study utilizing Electron
Microscopy, should be conducted on all bulk samples prior to
removal operations to aid in anticipation of airborne concen-
trations during, and after, the removal process.

4. Additional study should be undertaken concerning co-relation
between concentrations obtained via the GCA Instantaneous
Monitor vs. Phase Contrast Microscopy and Scanning Electron
Microscopy.

Although the overall observations of the wvacuum system in this report deem
the method undesirable, it is our opinion that there exists situations
where the system could be used. Our experience in the industry has

shown that contractural firms do exist that operate systems believed to

be safer than cbserved in this study. Our experience has allowed us

to observe:

1. Removal of wet (slurry) asbestos material via the wacuum
truck with no visible emissions or visible dust levels in
the work area.

2. The utilization of high flow {( 2,000 cfm pick-up) wvacuum
trucks for emergency decontamination clean-up projects
where large surface areas needed to be cleaned of micro-
scopic fibers in a short time period.

3. The utilization of oversized and over-rated auxillary HEPA
filtration on both the positive and negative side of the
Vacuum pump .

4. Bulk loading of wet asbestos material and bulk dumping of
that material without ambient air contamination as per
Phase Contrast Microscopy.

Therefore, although our observations have indicated the wvacuum system
is more expensive, more time consuming and potentially hazardous, those
firms presently operating such systems should not be prohibited from
competitive bidding and utilization of their systems provided the
following is met:

1. Certification of the final HEPA exhaust as per DOP smoke
penetration conducted by an indenpendent engineering firm.
Frequency of the testing should be every 1,000 hours and
a certified log must be kept.

2. Certification of the absence of asbestiform fibers, of any

gize, in the final exhaust and around the truck, as conducted
by an independent engineering firm utilizing Electron Microscopy.
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3. Written guarantees and acceptance of liability for
damages which might be incurred should the respective
Contractor experience equipment malfunction causing
clean area contamination.

4. Vacuum trucks equipped with Electronic Monitoring Devices
along with audible warning alarms which would indicate
overloading of the primary, secondary, and final filtration
systems, such that problems could be avoided.

5. Supplied air compressor systems equipped with power inter-
ruption and carbon monoxide detection alarms, along with
emergency escape facilities for all workers.

6. Back-up respiratory protection {dust masks) worn at all times,
as well as back=~up air filtration units and portable vacuum
cleaners to correct any problem in the event of vacuum truck
malfunction.

ILastly, it is our opinion that with increased technological advancements
and the individual innovation displayed by various firms in the industry,
a vacuum removal system which is safe, economical and efficient can be
developed.
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LEGEND OF FIELD PHOTOGRAPHS

Exterior of self-contained Packaging Unit, Contractor's
Staging Area, Elmwood Park.

Employee access to Packaging Unit. Note utility hoses and
flexible duct to vacuum truck.

Truck mounted vacuum system, Diversified Vacuum Systems,
AS-10, Montville High School.

‘Contractor's staging area with vacuum truck, Packaging Unit

and waste container.

Packaging Unit in staging area. Note flexible intake hose
to wvacuum source.

Contractor's trailer mounted supplied zir compressor,
Elmwood Park.

Workers scraping and brushing inside Mobile Ccntainment
System. Note vacuum intake and supplied air respirators.

{Racal)

Montville High School, workers positioning Mobile Containment
Systems inside rotunda area.

Montville High School, asbestos materials on floors, area
extremely dirty. Note walls and floors unprotected.

Montville High School, Mobile Containment Systems in rotunda
areca. Note vacuum line and ceiling where scraping has occurred.

Montville High School, Automatic Abrasion Machine attempting
scraping.

Montville High School, access to work area (personnel}. Note
large volume air sample collection and warning signs.

Elmwood Park, access to work area. Note plastic airlocks.

Elmwood Park, supplied air hats (Bullard & Racal) stored in
personnel decontamination chamber.

Elmwood Park, workers performing final clean—up. Note wet-

mopping techniques in addition to vacuum hose. Personnel
protection reduced to dust masks.
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Elmwood Park, library work area. Note plastic protection
and clean sub-celling (concrete deck).

Montville High School, isokinetic sample collection via
RAC equipment via EPA Method No. 5.

Montville High School, isckinetic sampling probe inserted
into PVC sampling porit, intzke line.

Montville High School, isokinetic sampling equipment inserted
into PVC extension and sampling port, exhaust line.

HEPA filter test (DOP) being performed on final filter,
truck mounted vacuum system.

Montwille High School, inner office work area. Sub-ceiling

after scraping of asbestos. Note holes and damage thru
sub-ceiling and plastic protection of heating system failing.
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APPENDIX A
DESCRIPTION OF VACUUM SYSTEM







ADVANCED

wEIICE SYSTEMS INC,
€81 .6€671 FREUNGHUYSEN AVENUE

MNEWARK NEYW JERSEY aO711a
01 3447400

TRUCK MOUNTED VACUUM LOADER

MODEL as-14

General Description

The Model AS-10 is a truck mounted mobil vacuum loader.
The unit utilizes a heavy duty, reinforced vacuum
receiving chamber. The vacuum loader truck is capable
oI vacuuming materials such as; dusts, sludges,
&lurries, gravel, catalyst and oil spills. Various
materials can be air conveyed at distances up to 700°'.

Body Assembly

Body construction consists of one, 10 cu. yd., heavy
duty reinforced vacuum chamber. Chamber is fabricated
from 3/16" steel plate, braced internally and externzlly
with structural channel.

Blowary

One heavy duty positive displacement, roots type blower.
Con51sblng of two figure eight 1mpellers, rotating in
opposite directions to move entrapped air around the
case to the port outlet.
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ADVANCED

SERVICE SYSTEMS INC. :
027.871 FRELINGHUYSEN AVENUE

MIWARK, NEY JERSEY Q7114
{(201) S44.24C0

Filtration

rimary filtration centrifugal typs seperators., 30
micron and larger to 90% efficiency. Secondary
filtration, high performance cyclones with spin out
and high velocity section. 15 micron and larger to
954 efficiency. Finel filtraticn, dry element 99.50%
a2ll particle size 3 micron and larger. Safety element
built in to final filtration section.

Specizal Filtration and Mepdification

Filtration

Three stage, heavy duty, dry type system. Primary
filtration stage, multiple elemsnt sections in parallel.
Nominal efficiancy, 99.50%. Secondary filtration, two
stage, heavy duty high efficiency in series, nominal
cfficiency 99.95%. Third stage, positive pressure side
of blower, special modified and coated type element,
nominal efiiciency, 99.99%.

Control Circuit Protection and Controls

.Complete air control circuitry, fail-safe type with
redundant back-up. Each stage of filtration is diff-
‘ezentially sensed and protected by elettronic cells.
Automatic svstem shut down will occur at any time
pressure drop reaches 25% of mawimum safe value. Ejguio-
ment shut-off is a twp stage operation. Blower R,P.M.
is dropped to minimum operating speed. System vents and
blower speed are brought teo idie, after a pre-set inter-
val, complete shut down cccurs. L.E.D. fault indicating
lights identify reason for svstem shut-off.

AS-10
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ADVANCED
SZRVILE SYSTEMS INC.
681 . 8671 FRILINGHUYSEN AVENUE
KEWARK NEW SERSIY O7114

(20%) 344.24C0

Ericine and Elower Protection

Diesel engine is protected by antcmatic low water shut~
ofi, low oil pressure, and over teﬂpe:ature watch guard
Eystem.

Blowers and body are protected against:

Maximum vacuum level

Elower exhaust temperatura
Differential finazl filtration pressura
Full body level

Outr phase faunlt shut-off

Blower P.T.0. interlock

locked blower shut-docwn

Pre-filter warning

Instrumentation

Blowey Vacuum 0-30" Eg.
Filter differential pressura
0il pressure:

Ampmeter

Water tank pressure

L.E.D. status lights

Instrumentation - Additiocnal for. Ashkestos

6-30" Bg. Vacvuum gage, glycerin filled ang
pulsation dampened

2-12 Gzl./min., water flow

0~-100" W.C. differential gage with dual 12
position selectors

6-100 P.S.I. Primary air pressurse

0~100 Secondary air pressure

0-75 Water tank pressure

100~-250°F. Primary air texmperature

i50-350°F, Secondary air temperature

0-3600 R.FP.M., Indicator :

1500-3000 F.S.I. Hydranlie pressure gage.

Full body depth sensor, R.F. typs

Liguid level - Me=chanical type

AS-10
it
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ADVANCED

EERVICE SYSTEMS INC. -
&s1. 871 FRELINGHUYSEN AVENUE
NITWARK NEW JERSTY 07114

(201 344.2400

Hvdraulic System

P.T.0. drive continuous duty 420 Vickers pump. Three
bank manual controcl valve with built in pressure
relief. Full return line filter, 10 micron rating.

Paint

Cab and chassis, Imron Silver. Body and pipe racks,
Imron Blue.

AS-10
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APPENDIX B
ISOKINETIC TEST REPORT
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KASELAAN & D’ANGELO

Shipping Address:
1233 BLACK HORSE PIKE
HILLTOP. N.J. 08012

ASSOCIATES, INC. Mailing Address:

(609) 227-7841 P.O. BOX 165
HADDONFIELD, N.J. 08032

Montville H.S./Vacuum Purticulate Emissicns
Montville, New Jerscy Vacuyum Truck
Fage One

CLIENT : New Jersey State Dept. of Health

TEST LOCATION:

UNIT TESTED:

TEST PURPOSE:

TEST EQUIPMENT:

TEST METHOD:

TEST ENGINEER:

Montville High School
Montville, Wew Jersey

Portable commercial vacuum truck
Diversified vVacuum System, AS-10

Determine the particulate removel efficiency
of a vacuum truck equipped with various
stages of filtration.

Research Appliance Company "STAKSAMPLR"
Portable Gas Sampler, Model #23L3

Environmental Protection Agency Method 5-
Determination of Particulate Emissions frem
Stationary Sources, as described in the
Federal Regiater, Veol. 42, No. 160,

August 18, 1977.

Michael J. Mease
New Jersey Professional Epngineer No. 211320
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Montville H.3/Vacuum Particulate Emissions
Montville, New Jersey Vacuum Truck

Page Three

TEST METHOD SUMMARY

The test method employed was essentlally the standard EPA
Test Method 5, with modifications. Due to the size of

the ducts (6 inch dismeter), it was decided to sample at

8ix points across the duct at the following points, in

inches from the duect walls: 0.5, 1.5, 2.5, 3.5, L.5, and 5.5.
Both the inlet and outlet ducts used the same sampling point
locations., ZEach point was sampled for a period of ten
minutes for a total test time of sixty minutes. One

sampling port was used at each location. Three individual
tests were conducted at the inlet and three individual

tests were conducted at the ocutlet. Each duct sampling

port was located in a long straight run, well over sight diamelters
downstream from flow disturbances.

The inlet and outlet tests were essentially conducted
simultaneously, with the exception that the outlet tests
were started two minutes prior to the inlet tests to
fecilitate moving the probe.

REMOVAL OPERATIONS DURING TESTS

During the test sequence the workers were removing ceiling
material from the inner office area of the Montville

High Scheoel. The removal consisted of scraping and wire
brushing the ceiling material., During the test series,

the vacuum hose was never allowed to function as a vacuum
cleaner picking up large pieces of material. Rather, it was
used to simply evacuate the ambient alr around the workers.
The flexible vacuum hose was typically attached to scaffolding
in the vicinity of the workers to create a negative pressurs.
It was decided that 1f the vacuum hoses were allowed to
entrap the large pleces of material, they would clcg the
small nozzle and disrupt the isokinetic sampling. This also
explains the rather small amount of airborne material flowing
in the duct to the vacuum truck., The test results do not
reflect the amount of material being removed, but rather

they display the collection efficiency of the filtering

unit for the smaller airborne particles,

During test #2 the workers were at lunch break. The flexible

hose wasg positioned in the work area to simply evaouate
that area,

The pressure drop across the filters was approxXimately
twelve inches during all three tests.

This test method is an moourate one during all vaocuuming . . ..
operations and the test resylts would alsc be typical for-:

all vuounming oporallong, for all ol Lhoe largor plocoa ol
muterlal would drop outb Por a collection effioienoy of 100%







Montville H.S./Vacuum : Particulate Emissions
Montville, New Jersey Page Three

STUMMARY TEST DATA

Process: Vacuum Truck, Outlet from Filters

Run # Run #2 Run #3
Outlet Outlet Outlet

Tegt Date & Times 7/8/82 7/8/82 7/8/82
8:34- 10:51- 1:16-
§:3lam 11:5%am  2:16pm
Duct Diameter, Inches 6.00 6.00 6.00
Sampling Nozzle Diameter, In. ~ 0.188 0.188 0,188
Testing Time, Minutes 60 60 60
Duct Gas Temperature, OF 142 149 151
Duct Gas Moisture Content, % 1.88 1.63 2.10
Duct Gas Molecular Weight 28.6 28.7 28.6

Duct Gas Volume Sampled, Ft.3 55.722 58.180 58,110

Duet Gag Volume Sampled, SCF @

7T0°F, 29.92 in.Hg., dry
Duct Gas Velocity, Ft./Ssec.
Duct Gas Flowrate, ACFM

Duct Geg Flowrate, SCFM @
70%F, 29.92 in.Hg., dry

Perticulete Captured, Grams

Particulate Concentration,
Grains/SCF

Particulate Emission Rate, Lb.,/Hr. 0.009

Perocent Isckinetic of Test

51.2
87.6
.1030

891
0.0038

0.001

97.6

52.9
91.9
1080

927
0.00L3

0.001%
0.010
96.7

A

52.7
91.5
1080

911, -
0.0051

0.00%
0.012
97.8
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Mecase Engineering Associates

LABORATORY WORKSGILEL

Client: /63527
Proceas: /@éﬁ@7¢7¢:ﬁz/¢é%24#y

. Filter Analysia:

Filter Wt.,grams /. 987‘?
Filter Tare,gms O L7772
Part.Increase,gm._0.44617

dmpinper Water Increasce:
Silica Gel Impinger (#4):
Final Wt.,gma %05.0
Tare Wt.,gms 29 .7
H,0 Increase /3.

Total Water Volume Increase:

Impinger #1 = ml
Impinger #2 2 _ml
Impinger #3 O ml
Impinecer #bL [2.] _ml
TOTAL INCREASE 2£>l T ml
Impingesr Analysgis:
Wash Bottle No.
Filter Wt.,gms
Filter Tare,gns
Total Insoluble
Fingel Beaker Wt.
Tare Wt. (No. )
Total Soluble
Particulate Weight Summaryé
Filter ) ez Z
Probe Wash 0. 414994 i
Impingers (Sol.) o
Impingera (Iusol.) .
Total (w/imp.) grams

Total (w/c imp.) ©.%/1f grams

Signature: ,é%&«fﬂaa 9 /ﬁdaéﬁbt _

Date: '7/%2/4?12

Run No,

Environmental Consultants

& Dn tU:J ENLET

Samploe Box No.: /

Probe Waah Analysis:

Wash Volune,mi. 255

Acetone Density,mg/ml

Blank Volume,ml

Blank Resziduse
Final Wt,.
Tare WG,
Part.Wt. _

Wash Analysis, Bottle No.

Beaker Wt.,gma Y537
Tare Wt.(No. ¥ ) 1384177
Part.Wt.,gms 0, Ho




' // Mease Engineering Associates

LABORATORY WORKSHIT -

KED

Proceas :MD NTV///LEA/?(UUM

- Client:

Filter Analysis:

Filter Wt.,grams (.63 %5
Filter Tare,gms O (BT

Part.lncrease,gm._ O O0p7

Impinger Water Increass:
Silica Gel Impinger (#i):
Final Wt.,gms 2/&.3
Tare Wt.,gms 3005

H,0 Increase /4. D

Total Water Volume Inocrease:

Impinger {1 L ml
ml
ml

Impinger #2
B ml

Impinger #3
TOTAL TINCREASE 268 wml

Impinmer #i

Impinger Anslysis:
Wazsh Bottle No.
Filter Wt.,gma
Filter Tare,gma
Total Insoluble
Final Bezker Wt.
Tare Wt. (No. )
Total Soluble

Particulate Welght Summary:

Filter Q.0007
Probe Wash 00032} -

Impingers (Sol.)
Impingers (Insol.)

Total (w/imp.) T prams
Total (w/o imp.) ©0.0038 grams

Envircnmental Consultants

Run No. & Date: / @Uﬂ&?‘

Sample Box No.: Z—

Probe Wash Analysis:

Signatqre: %oﬂ# M
Date: ‘ ’%/'21/9'2 V |

Wash Volume, ml.Jg O

Acetone Density,mz/ml

Blank Volume.,ml

Blank Residus
Final Wt.

Tare Wi,
Part.Wot. _

Wash Analysis, Bottle No._
Beaker Wt.,gms _HLEys7?
Tare Wt.(No.l ) /44 d56:
Part.Wt.,gms C.oD3!



// Mease Engineering Associates

LABORATORY WORKSISIE

Client:_A:g/D |

Process: ﬁ4bAJ7VVLQ£;4ﬁ4£bb%7 Sample Box No.: >

Filter Analysis:
Filter Wt.,grams
Filter Tare,gums
Part.Increase,gm.

a.%ggé
£ (D77
D, LS

Impinger Water Increase: .
Silica Gel Impinger (#4)
Final Wt.,gms Z283.7

Run No, &

Probe Wash Anslysis:

Environmental Consulftants

Date: 2 INLET

Tare Wt.,gus 270'2
H-0 Increase 12 ﬁ

Total Water Volume Increase:

Impinger #1 . ml
_ml

Impinger iZ

Impinger 3 ml
/z.§
_ 219 ml

Impineer #L
TOTAL INCREASE

Impinger Analysis:

Wash Bottle No.
Filter Wt.,gma
Filter Tare,gmsa
Total Insoluble
Final Begker Wt.
Tare Wt. (No. )
Total Soluble

Particulate Weight Summary:

Date:

Filter

Probe Wash .
Impingers (Sol.)
Impingers (Insol.)
Total (w/imp.) -
Total (w/c imp.) D7

o L5e?
20&!’ ¥

rams
grams

Slgnature'szzioﬁii4légg /9£x€2¢

o /12/e

Wash Volume,ml. 22 O

Acetone Density,mg/ul
Blank Volume,ml
Blank Residuse

Final Wt.
Tare Wt.
Part.Wt.

Wash Analysis, “Bottle No.
Beaker Wt.,guzs /Y7, 3%c
Tere Wt.(We.l?) /#7.2785
Part.Wt.,gms |2 5430



=
%~ Mecase Enginecring Associates

Environmental Consultants
LABOLRATORY WoRkKosik!

Client: /)l)i/ﬂ | . Run No. & Date: A DUTLET
Process: MDA/TV//'LE/”?(UU”/ Sample Box No.: 2

Filter Analysis: Probe Wash Apalysis:
Filter Wt.,grams_£.b%7.0 _ Wash Volumz,ml. /56
Filter Tare,gmsa A EZ Acetone Density,mg/ml
Part.Increase,gm. D-ODL%:_ Blank Volume,m:{ : ~
Blank Residue
Impinger Water Increase: ‘ Final Wt.
Silica Gel Impinger (#4): . Tare Wt. o
Final Wt.,gms Z75.0 _ Part.Wt. _
Tere Wt,,gms 244 Y . Waah Analysis, Bottle No._
H,0 Increase /O Beaker Wt.,gma J[U5,27G:
Tare Wt.(No. ) /45,2375
Totel Water Volume Increase: Part.Wt.,gms 00027
Impinger #) _Z ml
Tmpinpger #2 Z __uml
Impinger #3 / _ml

Tmpinrer fly /0. & ml
TOTAL INCREASE ~ /8.& ml

Tmpinger Analysis:
Wash Bottlie No.
Filter Wt.,gms
Filter Tare,gms
Total Inszoluble
Final Beaker Wt.
Tare Wt. (No. )
Total Scluble

‘Particulate Weight Summary:

Filter T 2. 0000
Probe Wash 6.00% 7.

Impingers (Scol.)
Impingers (Insol.) ,
Total (w/imp.) __prams

Total (w/o imp.) . .00W3 grams
Signature:w. M

Date: 7/’2/92
/ ra

£




/ Mecase Engineering Associates

LABORATORY WORKSIIIGHT

Client: /6’5{27
Process:/%@AVKMLEQ/Lé%bzﬂv

Filter Anzalysis:
- Pilter Wt.,grams /,1/{Q¥

Environmental Consultants

Run No. & Date: 2 ZNLET

Sample Box No.: 2

Probe Wash Analysis:
Wash Volume,mi. 26O

Filter Tare,gms £.L =Y

Acetone Density,mz/ml

Part.Increase,gm.

Impinprer Water Increase:

Blank Volume,mi
Blank Residue

Final Wt.
Silica Gel Impinger (#L): - Tare Wt,
Final Wt.,gma 2298.9 Part.Wt.
Tare Wt.,gms 3{& 16,8 Wash Analysis, Bottle No.

H20 Increase 1Z . &

Total Water Volume Increase:
Impinger /A _*'7

lmpinger /2
Impinger #3

Impinmer #U /2.6
TOTAL -INCREASE i5 é:

JImpinger Analysis:
Wash Bottle No.
Filter Wt.,gms
Filter Tare,gms
Total Insoluble
Final Bezker Wt.
Tare Wt. (No. )

Total Soluble

Particulate Weipht Summary:

Beaker Wt.,gma /=3. 755 =
Tare Wt.(No.y?) (d7. 72823

Part.Wt.,gms AEE
ml -

ml
__ml
TTml
Tml

Filter 0.239’5

Probe Wash 4 [ Hil]}

Impingers (Sol.)
Tmpingers (Insol.)
Total (w/imp.)

-

__prams

Total (w/o imp.) 7 90 é:grams

' Slgnature.!i;%Zébézuhéyg Sleaza

Date: 37/42/4321
‘ Zﬁ /



/,/ Mease Lng,mccrmg, Associates

x|

Environmental Consultants
C LABORATORY WORKSHERT

Client:_A £ D Run No. & Date: 3 OUTLE T
7
 Proceas: Mo,«nwué’_/%?ruu»y Sample Box No.: 5
I'd

FPilter Apnalysia:
Filter Wt.,grams_©.2%085
Filter Tare,gmsa @.63202

Probe Wash Analysis:
Wash Volume,mLi. /¥ O
Acetone Density,mg/mnl

Part.Increase,gu. p.000S5. Blank Volume,ml - '
Blank Resgidue
Impinger Water Increase: Final Wt.
Silica Gel TImpinger (#l): Tare Wi,
Final Wt.,gms AFE-O ' Part.Wt. __
Tare Wt.,gms 2735, Wash Analysis, Bottle No.__ -
H,0 Increase [ /. O - -~ Beaker Wt.,gms /¢4, u
Tare Wt.(Na. & ) [uY. U;HO
Total Water Volume Increzse: Part.Wt.,gms O 0oy -
- Impinger #1 _. 8 ml
Impinger #2 2 ml
Tmpinger #3 Z __ml
Impincer #}y _ //.0_ml

TOTAL INCREASE ZJﬁD " ml

Impinger Analysis:
Wash Bottle No.
Filter Wt.,gna
Filter Tare,gms
Total Insoluble
Pinal Beaker Wt.
Tare Wt. (No. )
Total Soluble

Particulate Weight Summary:

Filter o008
Probe Wash . Q, 00

Impingers (Sol.)
Tmpingers (Insol.) _
Total (w/iuwp.) _grams

Total (w/o imp.) P _D05] grams
Signature:/ﬂMﬂ/- enare
Date: 7//2/5{

: 77
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Mease Engineering Associates

Environmental Consultants

SAMPLING TRAIN COMPONENTS, METHOD OF USE, AND ANALYTICAL
TECHNIQUES

A. Components

1. Stainless steel or glass probe with minimum 3/16 inch
diameter opening, heated above the dew point of the gas
stream to be sampled.

2. Glass cyclone efficient for removal of particles
of 5§ microns or greater, and eyclone collectian
flask. In cases of low particulate loadings, &
glasg cyclone eliminator may be substituted.

3. In-line filter of 0.3 micron porozity.

l;. FHeated chamber for maintaining glass fiber filter and
cyclone above the dew point of the gas stream to be
sampled. ‘

5. Impingers placed in the following order:

a. A 500 ml. modified Greenburg-Smith impinger
filled with 100 mls. of distiiled deionized water.

be A 500 ml. Greenburg-Smith impinger filled with
100 mls., of distilled deionized water,

C. A 500 ml, modified Greenburg-Smith impinger
left dry to act as a water trap to remove
entrained water,

d. A 500 ml, modified Gresnburg-Smith impinger
containing approximately 200 grams of preclsely
welghed silica gel,

6. An ice bath in which the impingers are partially
) submerged to maintain exit temperature well
below the dew point of the gas to be sampled.

7. Dry gas meter equipped with a vacuum gage registering
up to 30 inches of mercury, and a calibrated orifice.

-1-



B, Ueneral Sampling Procedure

1.

Starting with clean equipment, a leak check iIs performed
by drawing & vacuum of 15 inches on system as indicated
on the vacuum gage. Leak checks are also performed
post-test and corrections may be hecessary to account
for increases in the leakage rate,

The sample Is collected at isokinetic retes based
upon a veloclty profile determined with the use of an
"S" type pitot tube.

Samples are taken at multiple points across the gas
stream representing equal areas of cross-sectional
flow, and each point is zampled for as long & time
as i1s feasible.

Moisture content of the gas stream is determined by
the condensation method, using a series of cooled
impingers described a2bove (A-5).

The duration of the test depends on the number of
sample polints and the Time requlired to equally
sample each point. Iu no case Wwill the sample time
be less than that required to collect a sufficient
sample for complete analysis.

C. Analytical Technicgues

1.

2.

Before use, the filter is desfcdcated for a period of
2li hours and weighed to the nearest 0.1 mg.

When processing the sample, any material deposited
inside the sample probe, glass cyclone (or cyclone
eliminator) and the front half of the filter holder

is washed into a container using acetone, or other
sultable solvent, evaporated to dryness at elther amblen
conditions or below the boiling point of acetone (55°C),
desiceated for a period of 25 hours, and weighsd to

the nearest 0.7 mg.

After sampling, the in-line glass fiber filter is
desiccated for a period of 2L hours and weighedto the
nearest 0.1 mg.

The moisture content is determined by collecting the
liquid in the impingers described above snd measuring.
I'ne difference between 200 ml. and the measurement is
recorded as increase in water., The spent silica gel
is weighed to the nearest 0.1 gram and the increase

is included in the moisture content determination.

The 1liquid in the impingers may be analyzed for
particulate matter and the welights may be included
in the particulate catch.

-0-



The total particulats in the system is the sum of

that collezcted in Nos, 2,3 and possibly 5. The
contribuytion of each portion shall be individually
identified. The inclusion of the impinger particulate
catsh is to be considered on an individual basis,

The emission rate and cglcylations are made from
sultable measurements of gas temperature, moisture
gcontent, velocities and materials collected. 1In
order for a test to be considered valid, isokinetic
sampling rates shall be betwesn 93% and 110%.

A1l eguipment, includingz orifice metser, probe tip
nozzles, dry gas meter, and temperature measuring
devices 1s calibrated on a regular basls, depeundent
on the frequency of equipnent use.

The stack gas caontent is determined by collecting
a sample of stack gas and analyzing the sontents
with an Orsat analyzer or Fyrlite analyzer,




ViV JNE AWV o JJvalivo
LNIWNFONVLdY TTvdaINT9

Hiva Z01°C .
LoLid i

S3ATVA UIONZT0S
HILIWONVWN INITONI -

| 3unold 3801 301JIHO "¢

H3L1aW SY9O AHO s
HiLd v

dWNd WNANOVA ¢
43710 ‘¢

ANIVA LSDPQY MOTA 3NIL °
AATVA 1LSArQVY M071d 3SUN0D “C
SOVO KNNJVA "€

QHOHD vIalliEgnn "¢

N ..m~

JATYA AHD3IHD L
HIL3NOWHIANL'S
ol (YHws=Danquessg) SHIAONIANWI 'S

T

(o}
o

Yalld 31vindidevd v
SASVYL L

|
|
—

INOTDAD E
JBON I
"] 1aN393~

[ - o a  w— > o

6l
—7
=

L Tg)
,—n_(~“
pat:
N 0 :]
] .
L,

i
[«
l
|

A
i
|-

TIYM MOVLS




Environmental Consultants

DRY GAS METER AND ORIFICE METFR CALIBRATION

" raey | . . /‘ //
Model Number Gy Calibration Date /& 5’51

)22 /g
Serlial Number [C2y E:f Signature / ] ,,‘I/'L‘: /, .
Meter Box No. D ¢ A ;:,/) Barometrlc Pressure, T

? 7,
Wet Test Meter No, /£ -24 [HBLL

Orifice Gas Volume Temperature
Marg%ieter Wet Dry Wet Dry Time
1 In [Out ' .
. e -
in.HZ0 Vi Va by | tai} tao| Y Afg
£t £43 °¢* | OF | OF |Min.
D5 o owo |[B020 |77 2o lasd 09742 175
. — | e - - P o~
[0 A | BE6T 77 |8Y 79 [Ps3| o, Gaz |\ 721

2.0 oo e 12 |77 NA7 1N e 0,997 | L3

2.0 | 9037 77|98 (98 e p.7727 | 178

o az

AVERAGE 0977 /82

Y V., Py (tg + L60) 0.0317AH (t,+1160) g']
= AH -

v,j,lx + é_i.,\, £+ heol P (+.4L60) L 3 |

0\ RN + p (ty+h60) i V.. |



Mease Engineering Associates

Environmental Consultants

DEY GAS METER AND ORIFICE METER CALIBRATION

- Model Number 2BH D Calibration Date 7{ éAg;?_
o - A
Serial Number /7 54 Signatureﬁ,{?/« St 40 /}‘cht;?q:ﬂm.
197
Meter Box No. - : Barowmwetric Pressure, Po B30.08

Wet Test Meter No. AL-2¢D [H57

Orifice Gas _Voiume Temperature
Matz;geter Wet -Dry Wet Dry | Time
' T : In | Out | ,
in.H,0 v, v, t, | tai| tao e Y Afg
i3 £43 °r | OF | oF |Min.

0.5 5000 (4922 |77 |84 |87 V2859 10248 |/ 85,
/0 |s.o15 |H970 |77 |87 \82 jusz| Jozos | 185
7.0 (oo |T94Y |77 8% |34344 /0184 (2.0
2.0 |v.ooo |9.91¢ (77174 |85 leswl 1o2v¥ | )95,

AVERAGE /- 0ZZ | /51

Y - x/rw Py (% :460) At~ 0.0317AH l’ (£,+160) e];
S AH ; A & . - : [

Vd\fb + 73_6 }( T + 46(5 Py (td+L;60) L v, J

H AT
Bt



Mease Engineering Associates

Environmental Consultarits

PITQT TUBE CALIBRATION

A1l pitot tubes are geometrically aligned and within

the 1imits as prescribed in the Federal Register.

Therefore, they are assigned a value of 0.08L.

In the event that a pitot tube tip is altered during
transport, and the geometric qualifications cannot be

met, the pitot tube 1s callibrated according to the

Federal Register. 1In this case, the new calibration

factor is listed in the report and used in the calculations.

LEMPERATURE SENSING DEVICE CALIBRATIONS

A£1]l temperature sensing devices used during = test sseries,
including thermocouples and thermometers are calibrated
after each test series, as specified in the Federal
Begister. It the event that these calibration factors
fall within the 1limits as specied, no corrections are
necessary. In the evnt that a device 1s ocutside the
limits, as specified, the correction factor is listed

and used in the calculations.

SAMPLING NOZZLE CALIBRATION

The sampling nozzle used during the test series is
determined after each test series using a2 micrometer on
several diameters as specified in the Federal Ragister.




SOURCE SAMPLING CALCULATIONS: NOMENCLATURE

An =
As =

Bwo =

(J AP )avz‘:
Pbar

i

par =

Pstd
Qs =
(Qe)std =

0

Ts =
Tstd

Vfe =
Vm =
Vms td =
Vs =
Vsstd =

Vwe =

Nozzle Ares, ft.2

Stack Ares, ft.2

Water Vepor Proportion, by volume, dimensionless
Meter Correction Factor, dimensionless

Pitot Coefficient, dimensionless

Particulate Concentration, units specified

Average Fressure Drop Across Orifice, in.H,0

‘Weter Vepor Content, dimensionless

Percent Isckinetic of Test, dimensionless

85.48, unit correction

Molecular Weight of Dry Gas

Totel Particulste Catch, grams

Moleculer Weight of Stack Gsas

Average of the Square Roots of the Velocity Head
Barometric Pressure, in. Hg.

Pollutant Msss Rate, 1b./hr.

Tiwe, minuﬁes

29.92 in. Hg.

Steck Ges Flowrate, actuel cubic feet per minute
Stack Gas Flowrste, standard cubic feet per minute
Stack Gss Temperature, °R

530°R K

Inorease in Liquid Volume in Impingers, ml.
Volume Sampled at Meter Conditions, ft.>

Volume of Air Metered at Standerd Conditions
Stack Ges Velocity, ft./sec.

Stack Ges Velocity, standard oconditions, ft./min,

Volume of Liquid Collecfed, cubic feet




Montville/Vacuum , Particulate Emissions
Montville, New Jersey Page One of Three

SAMPLE GALCULATIONS: Run #1, Inlet

@ VOlU/v!é OF. 1«/475,6 &LLECTED

Vive = f.ov707XVﬁ) B

Z).oef7a7)(ﬁa,/) o

oy

o, P4
@ Vocure oF /MeTeceD C,,,:W_/;
\/Msrz = \/M? T2 \/ Fear+ /gej ZA/ =D
,%m
(%wxﬂ 550 So.o¥ + ,34, {/azz)
572,58 29.92
= 42.85(¢
B Mossrofe LowrenT
Bwo-’-’ VUJC- L
Vive + Witz T
= D, 7% e .

09 + #3. 85¢
= ©o.0ztl

@ MDLECUL#’WE L\/Eféf%?'._s
Mo = (%o, xo. 4?7‘/%47,)(0 22)+ [(% Werf00) #2.2
= /o o)+ (211052) (79 x0.22
, - RE 8Y B
Mz Mo(i—Bwe)+ 18 Buo
L = 725 gy[/-—a,az//)—r’- /8 (0. azn) .
= Zgé/




Montville/Vacuum Particulate Emissions
Montville, New Jersey Page Two of Three

SAMPLE CALCULATIONS: Continued

@ VEZc:fykj}Z\L[c_T %ﬁsés [Q‘,Ejﬁ?é_'

@5‘?2)/0 5%‘) &=z, ..7:3 ( /i Z1? :)

[2& 72)(23 &/
= 70, 87 F7./sEcC.

. Fz.olr\/f?/’ﬂE
s = ( AJVeléo)
= /%5)(70 57)(50)
= 834 7% #CFM

(JSsm (@s ) T3 7379 FPs /—Em)

@35#74)5/ 55j zg7zJ J-D.0Z 17
z

_ L2 Z 29,92 S
= Jél. 5 ScFM

| _ - 4%57; 71,45'
@ _z;ogxzv,srxc_s... )/%?a: A= @f‘?ﬁ 3
:;EE,Z? , . béaﬂ5727 - o
@u)[g.)a/%ﬂg
— LB B85
ﬁa.awﬁ?j(éw)( 5?05)
= 0, 9909 pr 9%.0%

i



Montville/VaciJum Particulate Emissions
Montville, New Jersey Page Three of Three

SAMPLE CALCULATIONS: Continued

@ %fﬁcmﬁm [wv,ezu'ne:fﬂau
Ce Mo x 15 &3
Vs
= (0.92¢)( 1= y&)
T w3 gse
= p, 32) Cokhmis /S

@ Farncoiate Mhbss Kare
prr= () Bssrn N 22)
(#24)( ng%
LoD

= & ‘?_/42@)( Tltn S
Ysy)(yz 858)
2, 1] LB, /HR,

D

n



APPENDIX C
HEPA TEST (DOP) REFORT
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ATMOS -TECH INDUSTRIES

HEPA Filter and Iaminar Flow
Certification and Test Reports

1
Customer: m q—ﬁw
Customer Contach - ’OW

Your order No. V?rbq/
-Our order No. 5;5‘;‘3

Date of Test: (p %ﬁ;
Certification conducted by: j W

Test Instruments Used

Nomenclature | Manufacturer | Serizal No.] Calibrztion Dete

Calibrated By

g0 ALNOR £5/7 3/82 ALroR Tistr.
T08-20 \Biriect o7r¢ q:)/g/ NZr 7ech
ClLimmer | L -208 75/58 g/8( (Diss - T A1,

A1l HEPA Filters and/or Laminar Flow Equipment has been tested in
gccordance with Federal Standard 209B and Air Force Technical Order

#00-25-203,

Certification and test reports are attached.

DESICGNERS & MANUFACTURERS OF CONT! HOL[ED ENVIRONMENTS
204 Pinebrook Rd., Eatontown, NJ. 07724 201-542-1280

. ,"' A e

-
i rase
P o W




7\
ATMOS - TECH DNDUSTRIES

Air Velocity Certification and Report
Docurment No. £/HE2609 82 /
Page / of 2
Laminar Flow Equipment Tested

Type: /%06//,-— ‘El{ﬁ{a‘?ﬂsr ffgpé TPU&C IOV LTED

Manufacturer and Model:
ID. and/or Serial No.
Location:

HEPA Filters

Quantity , a  Size Efficiency Manufacturer Model

[ | Dfeodxn}e| 57.997

”
Pressure drop across HEPA filter(s) (-5 —&.0 %i WHTE T
Condition of prefilters ¥ Good O Damaged 1 Clean - ODirty

9,000~

HEPA filter face outline
Lowest velocity reading * 9'#0'0
Highest velocity reading * 2.070
Average velocity reading * 2,000

Remarks:

This document will certify that the above described Laminar Flow Equipment was inspected and the air

flow velocity meets or exceeds requirements per specifications of Federal Standard 209B.
Certified by (Atmos-Tech Ind. Rep.) j ’77«4»&%& Date é/ ?/ g

Recormnmended recertification date: / 3/ 9/JS‘ P or 1}9’9 kAo U-Sé

*Velocity readings taken 17-6” from HEPA f:lter face unless otherwise specified.

DESIGNEERS & MANUFACTUEERS OF CONTROILLED ENVIRONMENTS .
204 Pinebrock Rd., Eatontown, N.J. 07724 201-542-1200 i



/ N\
ATMOS - TECH INDUSTRIES

DOP Certification and Report

Document No. £/71_0& o982
Page Pt of 2

Laminar Flow Equipment Tested: /%ﬂ-g‘lz W @4@,

ID. and/or Serial No. En TRveK

HEPA filter face outline

‘Leaks found: /./0” E
Leaks repaired: JJON E

Remarks:

- This document will certify that the above described Laminar Flow equipment was inspected using the
TDA-2D Detector which indicate any leaks greater than .01% DOP penetration (03. Micron size
particles). '

The TDA-2 probe was passed over the entire area of the filter media and around the filter seal.
This document will also certify the HEPA filters in the above described Laminar Flow equipment are of
the Absolute (HEPA) type, rated 99.99% or more efficient on particles of 0.3 Micron size and are

functioning according to the requirements of Federal Standard 209B and Air Force Technical Order
No. 00-25-203.

Certified By (Atmos-Tech Ind. Rep.) i - 7 %ﬁ/ Date: éi‘/? %? 2
:Recommended recertification date: / Z// 2‘? 2 0 / 4 200 /Z VAN /4 S E

DESIGNERS & MANUFACTUREES OF CONTEOLLED ENVIRONMENTS . B,
204 Pinebrook Rd., Fatontown, NJ 07724 201-542-120D LI



/ N\
ATMOS -TECH INDUSTRIES

Particle Count Certification and Report

Document No. 7L -gé 0??& = /
Page of
Laminar Flow Equipment T(j;t?ei W MM m

ID. and/or Serial No.

6'%35_3/5'5//

50= 0,0

HEPA filter face outline

Highest particle count recorded: {0.5 micron size) o
( 5. micron size)

o

Remarks:

This docurnent will certify the above described Laminar Flow equipment was inspected, and that this
equipment was inspected, and that this equipment will meet or exceed particle count requirernents for
Class [0 , per Federal Standard 209B.

Certified by {Atrnos-Tech Ind. Rep.) /{ Mw

Date: ¢ 00 2
Recommené?r/ecertiﬁcaﬁon date: / )’/ ?/P 2 &1‘ 1/ 200 M VSE .

DESIGNERS & MANUFACTURERS OF CONTROLLED ENVIRONMENTS oy
204 Pinebrook Rd., Eatontown, N.J. 07724 201-542-1200 Tt
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ACTUAL INVOICED COSTS




.;:ZLI«! _I_Bl]j R B OF (B 31U 8 4 4G4} | Il

(%) .
VENDOR STATUS
SLANE = ND CHANGE

° INVOICE NEV JERSEY T zEevewen,

3 = LOCATION CODE
4 = WEW YENDOR AND LOCATION

B} ACCOUNT NUMBER (1 (12 [{E} j % = YENDOR MO. CORRECTION

SaNrzaTION] Fune PROSIAN OBJECT cggggu JAoEeT | EXTENDED NUMSER l@ 1'0?!1.“::-101.:}!1' ‘uuc;l;%. . n:{l“n«;:J.u“m

4730 2151 032880 63 714 . I $17,105 62 _ P 17176

)N PAYEE NAKE AND ADDRESS ._|@® PAYEE DECLARATION: ' _

1) MARE (10) {20) STREET (28} CITY (22) STATE (23) ZIF CODE I certify that the within invoic2 is correct in all its particulars,
' v that the described gocds o services have besn furnished or

ivensified Vacuum Systems : rendered, and that ne bonus has been given of received on

71 Frelinghuysen Ave. account of said invoice.

puank, N2J. 07114

) CERARTMENT/AGENCY : ]
J. State Dept of Heafih ' /;e

At EP—L/DJA@G-&E Corrof Rm 705 . Farss s!uhAHﬂ!
1360 | - J’% ;
renton, N.J. 0865 - . 4 _ =
ttn: PhuL&w Jackson 77
{233 I 1) @e) ‘ Fy27) &3 2s) 130}
uMODITT €ODE!  corng PAYEE REFEREMCE - (LIMIT 34 CHARACTERS) R AYEE IDENTIFICATION NUMBER § COXTRACT MUMIZR
I713 - v 222279887 bovai
: 132} CHECK _133) UNTING USE ONL
};?zz SETAILS NUMSER ‘531?!::::::2}&2;_‘3?&: 'Ssn'éﬂ @ TERSS - .:mum ElLLl:zﬂhTEYzm u:ﬁ::ui = :::E nA?riM
- Net d 1
e PAYEE — SEE.INSTRUCTIONS ON REVERSE SiDE e
:E:i QUANTITY - CELIVERY IS D F.Obl.ED;ScT";A'Ti;JB;-GI g:ﬂ. SHI#P!HG .POIHT PIJ;:}C'I'E —
D-Equipment:
1-DAS-1¢0 Uacuum - $ 20,000.00
E-Rental Equp HE &
1-Packags T Tfi _ 13, 000.00
7-Poai .,;lyz Beapestiia ?édﬁ@ es50K 5,500.00
F-Othen Dtﬁcmm_> - oy AL 3 \
1-ASB fdnge s;m{qaaféo ndain ' 24,700.00
Z-Pontabte Vabugms”. ‘Wi z::‘; . - 700.00
3- 5c!af‘fo.1.d sappisi:eé :_rv : : z) - €,179.50
' '\9.{ 'ﬁ_,”um*:g%f ! __O’_I‘AL casT, 70,681. 38
First\J¢b s:ttei === W D _ 42,894, 35
Second. Job’ Sitee,..” " 4! 17,105.62
W NS
el T R —
rorar |$ 317,105.62
ITIFICATION BY RECEIVING AGENCY CERTIFICATION EY AFPROVAL OFFICER
SRTIFY THAT THE ABOVE ARTICLES HAVE BEEN HE- I CERTIFY THAT THIS INVOICE 1S CORRECT AND JUST,
VED OR SERVICES RENDERED AS STATED HEREIN. AND PAYMENT IS APPROVED.
BISHATURET 'Au‘mu:lzm SISHATUAL
. . ” - B
TITLE . taTE nTLL ©aTI
1754 (830 ey oy
K e

ORIGINAL
Reproduced from
best available copy




P : i
U Y SR S D I SR

: OF
INVOICE

NEW JERSEY

|18 2p 8 2,7 8,24 | I

(%)
VENDOR STATUS

BLARK = NO CHAuGE
= MEW YENCOR
z = ADDRESS CHANGE
3 = tLOCATION CODE
4 k= uEw YENDOA AND LOCATION

13

S = ¥YINDOR MO, CORRECTION

10} ACCOUMT NUMBER ) (11} {12; I
1BANIZATION] FuaD eaoeaax lomsect | ECST | PROECT | EXTENDED WUMBER @ roral thount . asenct o, we. 1loot icarion womsea
i f
4230|215 | 032880 |63 |714 s17.105 l62 PT7iTe
» —

8) PAYEE NAME AND ADDRESS

(® PAYEE DECLARATION:

B) MAME (19) {20) STREET {21) CITY (22) STATE (23) ZIP CODE

Divensified Vacuum Systems

1 certity that the within invoice is eorrect in all its panticulars,
that the described gocds or services have been furnished or
rendsred, and that no bonus has been given or received on

671 Frelinghuysen Ave.
Newark, New Jensey 07114

9 DEPARTMENT/AGENCY

N.J. State Dept. of Health
Div. EpifOisease Contrnof Rm 705

account of szid invoice.

&(&MM

PATEE SiSRATLRE

CN 360 /i — %/
Tnéston, N.J. 08625 mq/ e
; Phylis Jackson e
1685
:uuo‘::zfvlv CODE] (2:'}3;; @ PAYEE REFERENCE -‘—zfl).lhﬂ? 34 CHARACTERS) F :27725 |D£ﬂTt(:?C,ATIDH NUMBER l‘:::?pw.\;?;uusza
7713 v| 220079887 b
E:;%JZE (32)’1!“]!3 cﬁsc:-uugn ﬁa!f(g?l:::::;!li;?:;f gv;];)gﬁt @ TERMS t.i}m‘“ ![LL':,:SVD‘TETEM ._,:,::H! NT :!‘L:E rJATYiu
Nez - |
e FAYEE — SEE INSTRUCTIONS ON REVERSE SIDE
EM{ QuanTITY A DELIVERY 1S DF—Db!éDSSéIEA:::a;EEg:s. SHIPPING POINT i oune
Asbestos Removal Profect using the
Vacuum Ramouai*fsgzm
TiiE S TN
ok A70R
|A-Pernsonnel: / L ASSIANY $ 13,779.50- - -
B-Travel: j QM oSS ‘ i,650.00 ;&
1-Gas u!;owume : AN ._
2- ToLEA R T
- Abb%ioé UJM:C Eadasinet - 197.9&
Z- Bagé' - e Yt A o= 251.75
3-CoVleralls’ ) ‘_""f/S T A /i 2,046.00
4-Ainernoom Ha&nznt""‘"‘,, : ey ?gggé
5-Boo : o0 7.
6-Signs> ._,\\\ / mh S 75.00
7-Mask : . 297.50
‘&-Removal 'Sup_p&ejﬁ;/ A 950.22
9-H.E.P.A. AT 1,440.0
10-Primary Adn Pre- Fitter ,1356.00
ToTAL €17,105.62

STIFICATION BY RECEIVING AGENCY
ERYTIFY THAT THE ABOVE ARTICLES HAVE BEEN RE-

CERTIFICATION BY
[ CERTIFY THAT THIS INVOICE IS CORRECT AND JUST,

AND PAYMENT IS APPROVED.

APPROVAL OFFICESR

IWVED OR SERVICES RENDERED AS STATED HEREIN.

BIgNATLUAT

Al Fr

AUTHORIZIED 318NATUNE

TITLE
254 (£/80)

SATE

TITLE Barz

ORIGINAL

Reproduced from
best available copy
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8.0 PRESENTATION OF DATA
8.1 Elmwood Park Project Evaluation

Day 01 - Preparation

-~ Workers installing plastic sheeting, constructing decontamination chamber.
~ Workers wearing no respiratory protection in AM.

Work Area
On Scaffold . . . . . . . o . . o o o oo oo e 5.0
Packaging Unit Stationary . . . . . . . . . . . . . .537

Outside Decontamination Chamber

Instantaneous, AM e i e e e e e e e e e e e e e . .122
Stationary,; BM . . ¢ & 4 2 4 4 4 a e e e e e e . .207
Instantaneocus, PM . . &+ ¢ v & ¢ 4 o o o = o o« s « o .056
StationaTy, BM . & v v vt e e e e e e e e e e e 194

Clean Areas
Base of Btairs . . . + ¢ 4 v o v e et e e e e e - .028

Phase Contrast Microscopy Only;‘
*Heavy in solids, difficult to count.

Day 02 ~ Removal, Dry

- Two (2) workers inside removing asbestos, two (2) workers vacuuming, one
(1) packaging unit, one (1) foreman
- Respirators (Racal AC-30) and personnel protection satisfactory

Work Area
Personnel, Scraping s 4 e e e e e s s e e e e . 4.33
Personnel, VacUWning .+ « « « « « « o « o o o o o = 3.95
Stationary, Scraping . ¢ . c ¢ ¢ ¢ s . o ¢ o+ = 2.35
Stationary, General Area . . . . ¢ 4 e + + o o o . .74
Stationery, Corzidor . . v v o ¢ o o o o « = « = < .10

Outside Decontamination Chamber

Instantanecus, BM |, | . . . . . . i e e e e e e e . .00%
Instantaneous, PM . . . . . & 4 v o 4t 4 e 2 o o o . .021

Stationmary . . . . . . . .« . ... c e e e e e .037
Clean Areas

Upstairs, on FOYET . . . . . v v v v v v« o o o« = & 011
Outside Building

Staging BYE2a . . 4 v 4 4 4 4 4 4 e e e e e e e e .022

PCM analysis only, presented in fibers/cc







Day 03 -~ Removal, Dry

~ Four (4) workers removing asbestos (compressor not

running), only four (4)

portable supplied air systems operating, one (1) inside foreman w1th dust
mask only, one (1) packaging unit, one (1) supervisor

~ Vacuum hoses present . in work areas

~ Rempval very visibly dusty, workers wire brushing
- Visible negative pressure observed through plastic
- Protection factor of Bullard shroud investigated

Work Area

On Scaffold, aM |,
On Scaffold, PM
Personnel Scraping
Personnel Scraping

- . » e 2+ = = e o = = - -« e =

s e @ * s e e s s a2 & » e = =

« * & e = L . T T T

Inside Bullard Hat
Outside on lapel
-Protection Factor at 100%

« - e« ® e e & 8 = ® 2 & = =

L L L T T R T

Qutside Decontamination Chamber

Instantaneous, AM | | | . . . . . . . o . . ..
Instantaneous, Workers Exit
Instantaneous, PM |
Stationary

= '3 & s & & 3 * & 2 e = - a

¢ . «- & = e e = ¢ © & & @ = = 2 =

Clean Areas

Top of Steps, 2nd Floor _ _ O,
{(PCM Analysis only, presented in fibers/cc.)
Day 04 - Removal, Dry

baffles
) 1.143
. 1.253
) 1.166
3 .454
] -0-
. 1.676
. .021
. .Q35
. .008
. .050
.018

- Workers inside removing and using power tools to cut wire around beams

- Repair and reinforcing of barriers required
- Air compressor for supplied air is repaired

Work Area

On Scaffold, Scraping , , . ., . e e e e e .
On Scaffold, Brushing (no vacuum)
Personnel, Scraping ,

= e » &+ 2 e & 3 = = & & =

Outside Decontamination Chanber

Staztionary Sample
In Chamber

* » s s = s 8 A a2 2 & e & & & & e =

Clean Areas

Upstairs in Foyer, Instantanecus , ., _ , . . .
Upstairs in Foyer, Stationary ., . .

Upstairs in Council Chambers, Instantaneous , .,
Upstairs in Council Chambers, Stationary

¢ e _ -

1.515
2.75
1.098

.105%
.015

.007
: -027
. .014 '
_-083

o TR
Hoadn

Al B



Day 04 - Continued

Oﬁtside Building
Inside Packaging Unit . . - « « « & + « + & « « o . - .153
Blank Filter . . . . ¢ v v = v o v v o v s v 0 v e . -0-
BCM analysis only, presented in f/cc
*Indicates outside contamination caused by workers' insufficient decontamina-

tion (showering).

bay 05 - Removal, Dry

- Five workers inside removing, one (1) inside foreman, one (1} inside
packaging unit. Two shifts started this date, seven (7)-nine (9) workers
inside for 2nd shift

- Air compressor operating

~ Plastic protection inside and at windows is failing

- Vacuum and negative pressure visibly efficient

Work Area
On Scaffold, Scraping e e s s e e e e m e e s e 1.44
Stationary, General BYEa . . ¢ v« v o o o o o o « & -028
Personnel, Scraping e 4 4 s e b e e e e e e e e . .954
Outside Decontamination Chamber
Instantaneous, PM . . . ¢ « & o o o o o o o = 2 o 4 .01i4
Stationary Sample . . . . . . . 4 4 e e m e e e e . .083

(PCM Analysis only, presented in fibers/cc.)
Day 06 - Removal, Dxy

- Five (5)-nine (9) workers inside removing, one (1) inside foreman, outside
supervisor operating packaging unit

- Wet removal experiwment conducted this date

- Supplied air resplrators for dry removal and dust masks only during wet
removal

- No vacuum hose present in wet removal room

- Insufficient variables for accurate comparison of wet vs. dry condition. One

small office chosen for wet removal. Water and surfactant (Asbestos-Stop,
Sgua-Gro Controls, Penncsauken, New Jersey) applied with hand sprayers
1nsuff1c1ently.

Work Area, Dry

On Ladder, Removing Lathe | | _ . . . . . . . . . . 611
Personnel, Scraping _| ., ., . . . . 4 4 e o w = v o . .959
On Scaffold, Scraping . . . . . . . . . o - . . .. .830

On Scaffold, Scraping . . . . . . . . . .. . . .. .805




Day 06 - Continued

Work Area, Wet

Personnel, Scraping and Spraying . . . . . . . . . . .783 .
Window Ledge, Stationary . . . . . ©v ¢ o o v & s « i.1¢
On Scaffold, Stationmary . . . . . . . . . . . . .. .560

Outside Decontamination Chamber
Instantanecus, Three (3) Test Average ., . . . . . . .017
Stationary Sample . . . . . . . . e e e e e e e e . .037

Clean Areas
Lower Foyer, Outside Work Area .021

BCM analysis only, presented in fibers/cc

Day 07 - Removal, Dry

- Four (4)-six {6) workers inside, one (1) superintendent outside in 1st shift;

- seven (7) workers, one (1) foreman inside, one (1) superintendent outside 2nd
shift. Respiratory and personal protection satisfactory. Samples collected
to investigate protection factor of Racal air hat.

Work Area
Stationary, On Scaffold, PM . . . . + « v v o « o« . 1.785
Personnel, Outside Air Hat, On Lapel |, . . . . . . . 1.94%
Personnel, Inside Bir Hat . ., . . v o v o o o o « .046

Samples collected simultaneously during wire brushing of ceiling.
Protection factor of 97.64%, sufficient

Outside Decontamination Chamber
Instantaneous, AM

Instantaneous, PM
Stationary

e e e = e e e d e e e e e e . -012

e 2 s+ e s o 4 s s e s = 2 = s = & 074

e e e s s e e e e e 4 e e e e . .005

Blank Sample " * a & ® & 2 & ®© s e s e =« s 8 e & e o > . -0-

PCM Analysis only, presented in fibers/cc.

bay 08 - Clean-Up, Office Area

- Samples collected during clean-up of first removal arxea (offices and
police area). ¥Few workers present. Vacuum System operating to evacuate
air only. Bulk material removal completed this area.

VWork Area

Stationary, Multi-Purpose Room
Stationary, Corridor

e e e e e e e e e e . -0-

e e e s e e e s e s e e s e o .05




Day 08 - Continued
Outside Decontamination Chamber

Stationary, All-Day Collection . .055

e & & = a2 e e - - -

Samples Collected From Port On Intake Line .197*

*Heavy in solids and glass fibers.
PCM Analysis only, presented in £/cc.

Day 09 - Clean-Up and Removal Dry

- Two (2) workers conducting wet mopping and wiping for f£inal cleaning in
first area, police and offices. No vacuum lines or negative pressure in
this area. Visual inspection and prelininary final testing conducted in
this area.

Work Area

Stationary, Police Dispatch Avea ., . . . . . . + . « . .007
Stationary, Multi-Purpose ROOM ., . . . & o 2 o o o« o -« .004

Entire work area has been changed to large library, south side of building.
- Decontamination chamber has been relocated. Library is large removal area.

Workers. (six) inside scraping, brushing, removing wire from around beams.
Three (3) small (3" ID) vacuum hoses present; area extremely dusty.

211 personnel with supplied air respirators; some missing protective hoods,
no auxilliary dust masks on workers.

Cascade impactor sampling conducted in work area this date as well as SEM
determinations.

Work Area
Personnel, Qutside Racal Bir HEat . . . v & v o o « = = .653%
Personnel, Inside Racal Air HAat . . . ¢ « o o o o « = .91%

Only two {2) 3" ID hoses operating during this test; indicates high concentra-
tions of dust and ineffective protection

e s e e = s e = o= oe s .751
G« s e e s e s e e e e i.88

On Scaffold, During Brushing .,
On Scaffold, During Scraping .

" General Area, SEM Analysis . . . . . . . . all fibers .484
asbestos only . 242
including fibers < 5 microns 6.655

Outside Decontamination Chamber

Instantaneous . .031
Stationary . . . » e e m s e e e e e e sme e oe . .033




Day 09 - Continued

Outside Building
Ambient Air, Downwind Staging Area . . .
PCM & SEM data presented in £/cc.

Day 10 - Removal

- Seven (7) workers inside scraping, wire brushing, and vacuuming bulk material.
One (1) superintendent outside and one (1) worker in packaging unit.

- Workers scraping in library directly adijacent to decontamination chamber and
and plastic barrier. Respiratory and personnel protection satisfactory.

Work Area
On Scaffold During Wire Brushing . . . . . . « « . . . =~ 1.40
Personnel, Outside Air Helmet . . . ¢ ¢ v v 4 o o « o . .B32
Personnel, Inside Air Helmet . . . & ¢ ¢ v v v ¢ « o « .618

Samples collected simultaneously to investigate protection factor of supplied
.alr system. Indicates ineffective protection or improper sampling techniques.

Cutside Decontamination Chamber

. e e e e . .007

Instantaneous Read-Out . . . . . . . . . .

Stationary, At Barrier . . . . ¢ v 4 4 4 4 2 e e 4 e .001
Outside Buiiding

Large Volume, Downwind Packaging Unit . . . . . . . . . -001

Day 11 - Removal, Clean-Up

- Testing conducted on HEPA filter (DOP method) this date

- Workers conducting final vacuum operations of residual bulk asbestos and
beginning wet clean-up

Inside Building

Stationary, Outside Barriers .005

Outside Building

Ambient, Downwind Vacuum Exhaust .009
Cutside Entrance to Packaging Unit .008
Outside Window, Adjacent Hose Exit .008
Inside Vacuum Intake Hose .202

Loy

-
b
-



Day 12

— Preliminary Post-Test

- Preliminary visual inspection in library, zlong with air sampling throughout
.entire ground floor

- Visual inspection revealed residual visible dust present. Contractor
instructed to re-clean using wet mopping technigues

Inside, General Area Samples

Civil Defense Room, Instantaneous
Civil Defense Room, Stationary . . . ¢« « v + +

. .. .00%

Patrol Captain's Office . . . . . . . . v v v v v « o . -008
Secretary's Office, Juvenile Bureau . . . . . . . . . . =0-
Corridor, Adjacent Vault . . . . 4 & ¢ & 4 o v o o « .004
Library, REEY . . v v v v o v o o o o o o o o o o o o . -0-
Board of Health, Kitchen Area . . . . . . . ¢« « « « . . -0~
Library, Front, Instantaneous ., . . . . v v o o o « « .« .001

Library, Front, Stationary

Day 13

e e e e e e e e e e e e e -0-

- Final Inspection and Post Testing

- Final inspection along with final air and surface sampling. Minimum
air movement during testing. Technician created activity. DVS personnel
and equipment has been removed

Inspection Comments

Visual

. General condition of ceiling and beams acceptable, no residuzl
material on ceiling or in expansion cracks, voids, etc.

. Visible dust evident on remote horizontal surfaces, apparantly missed
in wet wipe cleaning, approximately 10% surface area. Surface dust
samples collected.

. White dust layer on floor, footprints evident, and visible pieces of
ceiling material in corners and behind bookshelves in library. Surface
dust samples collected.

. Beams appear clean, surface samples conducted.

. Large volume air sampling conducted in Library and Pclice Tocker
Room for SEM determinations. (See Photos.)

Inside, Area Air Samples

Upstairs Foyer . . . . « o ¢ ¢« v 4 o ¢ 4 o « = o . . -0~ *

Library, Center of ROOM + + & ¢ ¢ = o « o o ¢ & o + .003%**

Iocker Room, Center . . . . ¢ v v v ¢ v « o o o o = . .002%*

Cut=ide Building, Contractor's Staging Area . . . « « + . -0-

Inside, Surface Dust Samples

Police Dispatch Area, Atop Air Conditioner . . . . . .11.8 f/mmg*

*PCM Analysis, presented in fibers/co
**SEM Analysis, presented in fibers/cc




Day 13 - Continued

2
Department of Health, On I Beam . . . . . 47.3 £/mm_ *
Library, Floor . . . ¢ ¢« ¢ ¢ ¢ v v o o o o v o o 14.2 £/mm *

*pCM Anelysis, presented in fibers/cc




8.2 Montville High School Project Evaluation

Day 01, June 30, 1982 - Removal Begins, Dry

- Six (6) workers, insider scraping asbestos f£inish plaster off scratch
coat plaster and wire lathe. Removal taking place in inner cffice areas.
3" wacuum hose present adjacent each team of workers.

- Work area visibly extremely dry and dusty.

= Insufficient plastic protection on walls.

- Carpet on three office floors with no protection (see photos).

- Temporary plastic barriers at corridors failing.

=~ Removal operations causing holes to be broken through substrate plaster
(see photo 24 )

- Personnel protection sufficient.

Work Area
On Scaffold, Scraping . . . + « « ¢ ¢ 4 ¢ e 4 4 e o« . .256 f/cc
Personnel, Scraping . ¢« ¢ v v ¢ 4 et e e e o o o « = .171 £/cc

Quteside Decontamination Chamber

Stationary, In Clean ROOM . « « =« « « 2 « = « = « « = .025 f/cc
Clean Areas

Corridor, Outside Barrier (Failing) . . . . . . . . . .005 £/cc

Day 02, June 31, 1982 - Removal, Dry

- Six {6) Workers removing from inner offices.

~ Insufficient plastic masking and sealing, closets not sealed, floors and
walis uncovered, outlets and fixtures not covered.

-~ Considerable amount of holes being punctured through substrate and lathe.

- Vacuum system visibly insufficient as area has visible dust present
airborne.

- Rir compressor placed in clean area {cafeteria), insufficient seal on
doorway.

-~ Ingufficient decontamination chanber as workers pass equipment into
adjacent clean areas without decontamination.

- Personal protection sufficient.

Work RArea
Stationary, During Brushing . . . . . . + . « . « . . .208 £/cc

Personnel, while wire brushing . . . . . . . - . . . .09¢ f/cc
Qutside Building |

Vacuum Truck Exhaust . . . . . e e e e e e e s e e . -0- f£/cc
Qutside Building

Vacuum Truck Exhaust . . . . . . . o ¢ o ¢ o v . .. -0- £/cc

BCM only, presented in fibers/cc




Day 03, July 2, 1982 - Removal, Dry

-~ Visual inspection and minimum testing conducted approximately one (1} hour
after end of shift. Contractor removed all equipment from site for holiday
weekend, ‘

- Visual inspection revealed an extremely fine dust throughout entire work
area, inner offices, and outer rotunda corridor.

~ Plastic barriers and masking/sealing is faulty and failing.

- HVAC register has become uncovered.

‘- Personal protection satisfactory.

Work Area

Stationary, No Work Being Performed . . . . . . . . 474 f/cc
(Approximately one {1} hour after removal operations had ceased.)

Wipe (surface dust) samples collected this date to investigate possible
contamination of adjacent clean areas.

Floor In Corridor

Qutside Barrier, ZAdjacent Room 344 | | . . . . . . 4.73 f/mm2
Library Shelves 5
Adjacent Windows to Rotunda . . . . .« o o « « « - . <2.36 £f/mm

PCM only.
A bulk sample of the dust collected from the floor of the work area
revealed 2% Chrysotile Asbestos and Cellulose fibers, along with sand,

silicates, and cement.

Day 04, July 6, 1982 - Removal, Dry

~ Six (6) workers removing from inside inner offices, utilizing pneumatic
chisels to assist removal.

- Personal protection sufficient

- Plastic barrijers failing

Work Area
Personnel, Inside Air Hat, Brushing . . . . . . . . -0- £/cc
Personnel, Outside Air Hat, Brushing . . . . . . . .099 f/cc

Samples collected simultaneously to investigate protection factor of Racal
supplied air head.

Stationary, During Brushing . . . . . « . - . « . . .147
Stationary, During Scraping . . « - « = « =« o « & . . 450
Stationary, During Chiseling . . . . + . ¢ « o . . .575

PCM only, presented in fibers/cc

Outside work area samples analyzed via TEM this date.




Day 05, July 7, 1982 - Removal, Dry

Six (6) workers utilizing pneumatic tools for removzl, inner office area.
Area visibly dusty, airborne and all surfaces.

Plastic barriers are failing; masking and sealing grossly insufficient.
Isckinetic sampling ports installed this date and preparation for testing.

Work Area
Stationary, During Removal 2ll fibers >5 microns .481 f/cc
(8EM Analysis, See Photos) asbestos only -048 f/cc
inciuding fibers < 5 microns 1.07 f£/cc
Stationary, Outer Corridor . . . . ¢« v v v 4 v v v o« . .942 £/cc
Qutside Packaging Unit
Stétionary e e e e e e e e e e e e e e e e e e e e . ~0-

Day 06, July 8, 1982 - Removal, Dry

- Six {6) workers scraping and brushing inner office area.

- Area visibly extremely dusty, airborne and horizontal surfaces.

- TIsokinetic testing conducted this date on inlet/outlet of vacuum system.

- Sample ccllected cutside Packaging Unit using low flow, personal sampler,
for TEM analysis

- Vacuum hoses positioned in work area to act as negative pressure only, no
bulk materials removed during isokinetic testing, ‘

Day 07, July 9, 1982 - Removal, Dry

t

Workers conducting preliminary cleaning in inner offices via vacuum (4).
Workers preparing outer rotunda corridor with additional plastic and
repairing barriers of decontamination chamber. '

Censtruction of containment chambers this date also.

~ Sampling conducted for total airborne dust this date.

Work Area
Statiomnary, On Scaffold During Vacuum Clean-Up Operations 44.6 mg/m
Total inert (nuisance) dust via gravimetric analysis.

Day 08, July 12, 1982 0 Removal, Dry

- Removal underway in outer rotunda corridor utilizing specific mobile
containments. Vacuum hose (3") present inside each containment (2).

- Removal being conducted immediately adjacent to library; wipe (dust)
sample collected in library.

- New plastic masking/sealing has been installed sufflClently on walls,
fixtures, and at workers' entrance.

- Personal protection safesfactory.

Work Area
Stétionary, Inside Containment . . + « o + o« o s o o = L4411 f/cc
Stationary, Outside Containment . . . ¢ ¢« ¢ o « o o . .071 f/cc



Day 08 - Continued

Clean Arezs

Stationary, Corridor Outside Work Brea .+ . « o « o« o & 112 £/cc
Wipe Sample, Library Shelf . . « o -« < & & « =0 o o & <2.36 £/mm

Day 09, July 14, 1982 - Removal, Dry

- Workers utilizing mobile containment system to conduct removal in outer
rotunda area.

- Vacuum system being utilized inside two (2) containments and to clean
miscellaneous debris cn floor.

- Personal protection satisfactory.

- Sampling this date also includes investigation into total dust loading
inside mobile containments via gravimetric analysis.

Work Area
Stationary, Outside Mobile Containment (AM) . . . . . . .080 £/cc
Stationary, Inside Mobile Containment {(AM} . . . . . . .134 £/cc
Staticnary, Inside Mobile Containment (PM) . . . . . . .223 f£/cc
Stationary, Outside Mobile Containment (PM) . . . . . . .358 £/cc
Personnel, Inside Mobile Containment (PM)} . . . . « « . 416 f/cc
Stationary, Inside Mobile Containment (EM). . . . . . . .270 £/cc*

Outside Decontamination Chamber . . . .« « ¢ o ¢« o & « « - L0198 f/cc

*Filter extremely difficult to count; high concentrations of debris and
solid particulates.

PCM only, presented in fibers/cc.

. . . 3
Persconnel, Inside Mobile Containment .+ - « « « « « « . .293 mg/m
Stationary, Outside Mobile Contaimment .« . « « « + o . 0.2 mg/m
Stationary, Inside Mobile Containment . . . - . . - . . . 7.0 mg/m

Day 10, July 16, 1982 - Removal, Dry

- Workers conducting removal of rotunda corridor utilizing Mobile Containments.
- Personal protection satisfactory.

Work Area

Personnel, Inside Mobile Containment

Outside Racal RBir Hood . . . . . « v o o« . . .229 £/cc*
Personnel, Inside Mobile Containment
. Inside Racal Rir Hood . . . v v v v o o + = =0
Personnel, Inside Mobile Containment

Qutside Racal Bir Hood . . v v o o « o « = = .758 f/cc
Personnel, Inside Mobile Containment

Inside HOOG . . v v v v o o = o = = « « + = -0-

Sampling conducted simultaneously to investigate protection factor of Racal
Supplied Air Hood.




Day 15 - Continued

— Vigible white dust on floors.

- Informed contractor that additional cleaning is required prior to final

air testing.
- Plastic barriers present but failing

Day 16, July 29, 1982 - Inspection, Recleaning

- Two {2} workers present wet mopping of floors.
- Detailed visual inspection along with wipe (surface dust) sampling for

cleanliness.

~ Visible white dust on 11 horizontal surfaces, i.e., ledges, shelves,

telephones, etc.

- Walls and fioors have white film due to using contaminated water for wet

wiping (not emptyving buckets freguently).

- Foreman fram DVS clalms dust is originating from ceiling and that he has

cleaned twice.
~ Instructed contractor to clean again.

Work Area

Inner Office, Doors of Counselor's Office
Outer Rotunda, Atop Door Molding . . . .
Inner Offices, Atop Door Room No. 210 , .,
Outer Rotunda, Shelf At Public Phone

Results indicate positive presence of ashestos

Day 17, July 30, 1982 - Inspection, Final Test

- No workers present

fibers as

PCM

- Final wvisual inspection and air sampling conducted this date.
~ Area visually clean, surface samples collected

Work Area (Air Samples)

Stationary, Outer Rotunda all fibers >5 microns .
including fibers <5 microns

knalysis conducted via SEM (see photos)
Work Arez (Surface Dust Samples)

Door Sill, Principal's Office
Door Sill, Main Office , ., . . . . . . .
Hand Rail, Steps in Outer Corridor
Atop Trophy Case, Outer Corridor,

*« . .

14.2 £/mm°
18.9 f/mm2
i6.5 f/mm2
11.8 f/mm

analysis.

.022 £/cc
.031 £/cc

<2.4 £/mm°
<2.4 f/mm

4,7 £/mm
<2.4 £/mm



Personnel, Inside Mobile Containment e e e e e e e s 1.17 £/cc
Staticonary, Outside Mobile Containment . . . . . . . . .459 f/cc
Stationary, Inside Mobile Containment ., . . . . . . . .788 f/ce

*rFilter extremely difficult to count; high concentrations of debris and
solid particulates

PCM data presented in fibers/cc

Day 11, July 19, 1982 - Removal, Dry

- Workers completing bulk material removal.

= Plastic barriers failing, masking/sealing of cafeteria (clean area) is
down. Visible dust in cafeteria and visible footprints of dust to water
fountain.

- No PCM testing this date. See TEM data for test conducted in cafeteria.

- Personal protection satisfactory.

Day 12, July 22, 1982 - Vacuum Cleaning

- Removal of bulk materials completed. Workers conducting vacuum cleaning
of rotunda corridor.

- Workers not utilizing supplied air; have decreased respiratory protection
tc 3M Dust Masks only. No hoods or head covering.

- No PCM testing this date. 8See TEM data for stationary work area samples.

Day 13, July 23, 1882 - Clean-Up

Workers conducting vacuum clean-up operations in all work areas.

Personal protection unsatisfactory; no hoods, no foot coverings, insufficient
personal decontamination. .
Contractors personnel beginning to prepare Boiler Room for Asbestos removal
(not included this contract).

No PCM data this date, sce TEM report.

OQutside Work Area

Instantaneous, Outside Boiler Room Doors , , , ., . . . .
Instantaneous, Center of Library {(Clean Areaz),

.305 f/cc*
016 £/cc

- - » - -

*Concentration indicates airborne fibers escaping boiler room, possibly
contaminating outside air samples being collected for TEM.

Day 14, July 26, 1982 - Clean-Up

Visual inspection only this date.

Workers conducting wet wipe cleaning inside work area, offices, and rotunda.
Unsatisfactory respiratory and personal protection.

No vacuum system in work area.

Day 15, July 28, 1982 - Inspection

~ No workers present
— Visual inspection to determine cleanliness of area.

- Visible asbestos materials present; all corners, over door moldings, etc.






