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Control of Lead in Drinking Water

Naval Research Laboratory

1. Introduction

1.1 Background Information

Corrosion of water piping systems introduces impurities into drinking water. When these
impurities are heavy metals such as lead, the quality of the water may fail to comply with the
requirements of the Safe Drinking Water Act and other regulations. The usual remedies for this
situation are to replace the piping or to bring in bottled drinking water; several Defence facilities
have been taken out of service until the safety of their drinking water distribution systems could
be assured. ,

A chemically-resistant nontoxic epoxy lining for water pipes (FIGURE 1, page 2) has been
developed at the Naval Research Laboratory. This pipe lining has been tested and approved!
for contact with domestic hot and cold drinking water by NSF International of Ann Arbor,
Michigan, the sole firm authorized by the Environmental Protection Administration to test and
approve materials for contact with drinking water.

This lining is applied to the interior of pipes by compressed air. The operation causes
minimum disruption to tenants or their activities and may be used on systems with varying
diameters of pipe. Piping may be lined without removal or disassembly and returned to service
within 72 hours.

1.2 Official DoD Required Statement

This project responds to DoD Requirement 2,V.1.p, Assessment and Control of Lead in
Drinking Water (1995).

Manuscript approved May 29, 1996



Figure

1.3 Objectives of the Demonstration

The purpose of this ESTCP Demonstration Program is to show that the NRL epoxy lining
can be applied to the interior of drinking water systems in defense buildings and that this lining
effectively prevents pipe corrosion and reduces levels of lead and other heavy metals in the
water.

This technology is recommended for the renovation of existing structures where water
quality testing has indicated the presence of lead at concentrations above the allowable legal
level, 15 micrograms per liter (ug/L) (15 ppb). Lining the interior of potable water pipes places
a barrier between any source of lead, usually the pipe itself or old solders, and the water.
Lining is an economical alternative to abandoning the structure, replacement of contaminated
piping, particularly in older buildings where access to existing pipes is restricted, asbestos
removal would be a major undertaking, the use of bottled water is costly or unacceptable, or a
combination of these factors exists.

1.4 Regulatory Issues

The level of lead and other heavy metals in water is regulated by the Safe Drinking
Water Act.



1.5 Previous Testing of the Technology

Since 1987 the Naval Research Laboratory has been involved in the development and
testing of coatings for the in-place lining of shipboard piping systems, particularly aircraft carrier
collection, holding and transfer (CHT) systems which are subject to severe corrosion. At this
time all aircraft carrier CHT systems but one (See Table 1) have been retrofitted with NRL’s
2-component epoxy coatings and have exhibited long life and maintenance-free operation.
Beginning with the USS JOHN C STENNIS (CVN 74) in November, 1995, all new carriers are
now being delivered with the epoxy pipe lining installed in the CHT system.

Table 1. Aircraft Carriers with Epoxy Linings

Cv 41 USS MIDWAY CV 66 USS AMERICA

CV 43 USS CORAL SEA CV 67 USS JOHN F KENNEDY

CV 59 USS FORRESTAL CVN 68 USS NIMITZ

CvV 60 USS SARATOGA CVN 69 USS DWIGHT D EISENHOWER
CV 61 USS RANGER CVN 70 USS CARL VINSON

CV 62 USS INDEPENDENCE CVN 71 USS THEODORE ROOSEVELT
CvV 63 USSKITTY HAWK CVN 72 USS ABRAHAM LINCOLN

CV 64 USS CONSTELLATION CVN 73 USS GEORGE WASHINGTON
CVN 65 USS ENTERPRISE CVN 74 USS JOHN C STENNIS'

Note 1. In November 1995, the USS JOHN C STENNIS was deli\}ered with an epoxy lining
in her CHT system, becoming the first ship to be lined during construction.

2. Technology Description

2,1 Description

The demonstrated technology consists of isolating sections of pipe, drying the pipe with
dry compressed air, grit blasting the interior to remove corrosion products and provide a clean
rough surface, injecting a 100% nonvolatile paint into the pipe with compressed air to coat the
surface, and finally passing a stream of warm dry air through the pipe while allowing the coating
to dry and cure. The coating to be used must have certification from NSF International for use
in potable water systems and the quality of the water from the coated pipe system must be tested
and approved prior to returning the system to service.

Pipes are lined without removal or disassembly. Trailer-size air compressors are placed

outside the building and air hoses lead inside where they are connected to the piping system.
A hose on the end of the pipe leads outside to a dust collector. Hot dry air is blown through
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the pipe, and abrasive grit is added to remove rust or other contaminants and give the inside of
the pipe a rough surface. Paint is then blown through the pipe, where it hardens in about 20
minutes. The stream of hot air is maintained for about an hour to dry the paint thoroughly.
After 16 hours water is flushed through the pipe and then allowed to stand undisturbed for 12
hours; this process is repeated. The water is then tested to make sure no undesired substances
are present. The pipe is returned to service within 72 hours. The lining process is conducted
as follows:

2.1.1 Equipment

A. Air supply equipment provides sufficient air volume and air stream velocity to
effectively clean and line the pipe. This velocity is required to carry the blast grit through the
pipe fast enough to clean the pipe and to provide an adequate anchor tooth for the epoxy lining.

B. In-line water and oil filters are located between the equipment and point of entry to
the piping system. These filters are periodically inspected and serviced to ensure delivery of
uncontaminated dry air. The maximum allowable size of airborne particies of oil or water is
0.75 pm (0.03 microns).

C. Moisture is removed from the compressed air by use of an air aftercooler or dryer
to prevent condensation in the piping being worked,

D. A heater is used to raise the temperature of the compressed air and the pipe
downstream from the aftercooler to provide further protection against moisture condensation in
the piping. After reheating, the working air temperature is approximately 68 °C (155 °F) at an
ambient air temperature of 27 °C (80 °F).

E. An air pressure regulator is used to regulate the pressure of the air entering the pipe
to be cleaned and lined, usually in conjunction with a manifold system,

F. A device is used to inject the abrasive grit into the air stream at a measured rate.

\.
G. A dust collector is installed at the discharge of the pipe which fully collects all spent
grit, contaminated dust, and excess epoxy coating during the lining process.

2.1.2 Materials

A. Masking materials must be used to provide protection of the flange faces of the pipe
being lined without causing corrosion or contamination.

B. Abrasive materials shall be pure garnet. Garnet is prescribed because it leaves very
little dust residue in the pipe, for the epoxy paint will not adhere to the substrate when dust is
present. Abrasive blasting particles of various grades may be used to clean the pipe and to
provide an anchor tooth of 50-75 pum (2 to 3 mils) during final surface preparation of the
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substrate, Abrasives must be clean and dry, contain less than 5 percent fines (smaller than 30
mesh by weight), and contain no feldspar, iron, aluminum, or other materials which might
remain embedded in the surface or create galvanic interaction with the pipe. To prevent
contamination of the substrate, previously used abrasive particles must not be used for surface
preparation. '

C. Only new grit which passes the following oil contamination test may be used.
(1) Fill a clean 150 mL (5 ounce) bottle half full of screened abrasive particles.
(2) Fill the remainder of the bottle with clean water.
(3) Cap and shake the bottle.
(4) Inspect water for oil sheen. .
(5) If any oil is observed, the abrasive particles shall not be used.

D. The epoxy coating used for pipe lining is an NRL Series 4 lining approved under
ANSI/NSF Standard 61 for this purpose.”> This coating has been developed by the Naval
Research Laboratory specifically for use in drinking water pipes.

The coating consists of two components which must be mixed immediately before use.
A Material Safety Data Sheet (MSDS) for each component is included in Appendix E of this
report. The first component contains a liquid epoxy resin, red iron oxide, and a thickening
agent. The second component contains a polyamide curing agent.

2.1.3 Evaluation of Pipe Prior to Beginning Work

A. Prior to blasting with grit, the contractor will ensure that the pipe to be lined is
intact, has no holes, and has a minimum wall thickness of at least 50 percent of the original.
In potable water pipe, the wall thickness shall be measured randomly on the pipe and within two
feet downstream of the inside and outside of bends. The wall thickness of the pipe shall be
measured at suitable intervals along the pipe, but at least every 50 feet. The wall thickness on
vertical pipe shall be measured by taking four readings at 90° to each other. The contractor shall
install flanged mechanical joints at all tees where one of the legs is not to be lined.

B. The recommended ultrasonic tester for pipe thickness is the Panametrics Model 26
DL Microprocessor-based Corrosion Gauge with built-in Data Logger, available from
Panametrics, Inc., 221 Crescent Street, Waltham, Massachusetts 02254 (800-225-8330).

C. The contractor will identify dissimilar metals in the system that may become a
potential cause of deterioration to the system.

D. The contractor will determine the presence of non-standard layouts or items in the
system that could affect its performance.

E. The contractor will identify the presence and extent of external corrosion in the
system.



‘F. The contractor will identify the presence and extent of asbestos insulation on or
around the piping system to be worked on,

G. The contractor will identify any lead in the system from lead-based solder or lead
pipe and fittings.

2.1.4 Initial Preparation of the Site

A. Take a sample of the water to establish the baseline concentration of lead or other
heavy metals,

B. If asbestos is found in areas that have to be disturbed, remove and dispose of all
asbestos in strict compliance with applicable regulations and guidelines only in these areas.

C. Remove and replace all valves, fixtures, appliances and piping sections whose
thickness is less than 50% of original.

D. Fabricate and install make-up pieces where needed in place of the items removed.

E. Convert all joints to mechanical fittings to provide for reassembly after lining to
permit restoration of the system without application of heat from welding.

F. Perform an initial air pressure test to check the integrity of the system. Repair or
replace leaking components. Pressurize the system with air to 70 psi and ensure that this
pressure is maintained for '5 minutes.

G. Secure a connection/transition piece to every water outlet point within the run
segment.

H. Secure air hoses to every connection/transition piece in the run segment.
2.1.5 Cleaning
A. The piping is grounded to ensure that all static electricity is dissipated.

B. A HEPA (High Efficiency Particulate Absorbent) filter is installed at the run outlet(s)
to remove any particles created during the cleaning step.

C. Hot, dry, oil free compresséd air is forced through the run segment until the pipe is
thoroughly dried.

D. The pipe section is cleaned by injecting garnet grit into the flowing compressed air
stream. Grit blasting is continued in each pipe run until an anchor tooth pattern of 1-3 mils (25-
75 pm) is established.



E. The Pipe section is purged with compressed air to clear dust and loose materials.
Particulates are collected at the end of the pipe section and disposed of in accordance with all
applicable regulations.

F. A pressure test is run on each segment to verify the integrity of the system after
cleaning. The pipe must hold 70 psi pressure for 5 minutes.

G. Each section of pipe is visually inspected with a borescope for cleanliness and proper
anchor tooth pattern. The prepared surface shall have a white-metal blast appearance, and an
anchor-tooth (not peened) surface profile of 50-75 pu (2 to 3 mils) which is validated (measured)
at the pipe inlet and outlet with profile tape and a dial micrometer. The color of the clean
surface may be slightly affected by the particular abrasive medium used. The surface, when
viewed using a magnification of 10x, shall be free from oil, grease, dust, dirt, mill scale,
corrosion products, oxides, paint, and other foreign material. Blasting shall not be so severe
as to wear the pipe below 45 percent of the original pipe thickness. Prepared surfaces shall not
be handled. Contact with any oil or grease (such as touching with a bare hand) will result in
reduced bonding of the coating.

2.1.6 Lining

A. The pipe is dried again with hot, dry, oil-free compressed air and heated to a
temperature high enough above the dew point to prevent condensation of moisture on the
substrate. The temperature of the pipe shali be 5 °C (10 °F) above the dew point of the air used
for coating; otherwise no epoxy lining shall be conducted. The air temperature must be between
50 and 120 °F.

B. The two components of the NSF-approved epoxy paint (see 2.1.2 D) are weighed out
in the proper ratio, mixed thoroughly by mechanical means, and injected into the entry of the
pipe segment in a quantity sufficient to coat the entire interior surface at twice the desired
thickness. Because this paint cures very rapidly after mixing, this procedure is carried out with
all deliberate speed.

C. The compressed air is then applied at the proper pressure and for the required
duration to accomplish the interior coating of the piping segment. The emergence of paint at
the end of the pipe segment is determined by observing it in a section of clear plastic pressure
hose connected to the outlet line. After adequate drying, a second coat (and a third coat if
necessary) can be applied in the same manner as the first coat if the inspection criteria listed in
subparagraph G below are not satisfied.

D. At75 °F (24 °C) ambient, time between successive coats shall not exceed 24 hours.
Should the 24-hour limit be exceeded, an anchor tooth profile must be reestablished by a light
blasting with garnet grit. An additional 12 hours between successive coats is allowed for every
18 °F (10 °C) drop in temperature.



E. After the last coat of epoxy lining has been applied, hot air is passed through the pipe
system for 12-18 hours to complete the curing of the epoxy lining.

F. The process is repeated for each pipe run until the entire system has been coated.

G. The coated pipe is inspected visually using a borescope as far into the pipe as is
practical at each end to ensure it is uniform and free of film defects. Test pipes installed within
the system being coated or at the ends are inspected in the same way. After drying and curing,
the epoxy pipe lining shall not contain bubbles, blisters, fisheyes, cracks, chips or loosely-
adhering particles, oil or other surface contaminants, pinholes, voids, holidays, or pits exposing
the underlying metal. Minor hanging paint spikes and paint pooling in the bottom of the pipe
shall not be justification for relining the pipe.

(1) Knife-peel test. The coating shall not be separated from the base metal when
subjected to a knife-peel test. This test consists of a single knife cut 40 mm (1.5
inches) long through the epoxy pipe lining to the substrate. If any part of the
coating along the cut can be separated from the base metal using the knife, the
bond shall be deemed unsatisfactory.

(2) Bond test. Adhesion of the lining to the pipe shall pass the crosshatch
adhesion test (Method A of ASTM D 3359)* with a 5A rating.

(3) Thickness. Each coat of lining must be between 150 and 225 gm (6-9 mils)
thick. The total thickness of the complete epoxy coating shall be at least 375 ym
(15 mils) at every point. On vertical pipe runs the thickness shall be no more
than 400 um (20 mils) at any point around the circumference of the pipe.
Thickness measurements shall be performed using a calibrated film thickness gage
(Nordson Film Gage Number 790010, Nordson Corp., Ambherst, Ohio, or
equivalent), or using a micrometer with readings taken before and after
application of the epoxy lining.

2.1.7 Restoration of the Piping System

A. After the paint has dried sufficiently all valves and other make-up pieces are
installed.

B. A pressure test is done with compressed air to test the integrity of the piping, valves
and joints. The pipe must hold 70 psi pressure for 5 minutes. Repairs are made as necessary.

C. Fixtures and appliances are reconnected.

D. Potable water is introduced into the system at its normal operating pressure.



E. The entire system is flushed with a minimum of twenty-five volumes of potable
water.

F. The entire system is then filled with potable water and allowed to stand without
disturbance for twelve hours.

G. The entire system is again flushed with a minimum of twenty-five volumes of potable
water and then allowed to stand without disturbance for twelve to eighteen hours prior to
sampling.

H. Samples of water are taken from the tap and analyzed by either the reference or the
field method. The system is returned to service only after testing shows acceptable water
quality. If necessary small samples of water representing, for example, water within the tap
fixture itself or water within the local supply lines, are taken to assess the amount of heavy
metal-contamination which arises from each part of the piping system.

2.2 Strengths, Advantages and Weaknesses

This technology rehabilitates deteriorated drinking water systems by installing a non-toxic
lining which prevents corrosion and leaching of lead and other heavy metals into drinking water.
The advantages of this method are:

A. Rapid compared with replacing pipe (work on a 40- by 60-foot residential structure,
including initial evaluations and inspections after lining, usually requires less than 72 hours).

B. Suitable for use inside buildings and underground.

C. Suitable for bent pipes and pipes of different diameters.
D. Economical compared with the cost of replacing pipe.
E. Suitable for pipe diameters between 1/2" and 24".

F. Suitable for pipe runs up to 1000’ long.

G. Minimally disruptive of tenants and their activities.
Disadvantages of this method of pipe rehabilitation are:

A. No welding or other hot work may be performed on the lined pipe, but soldering is
acceptable.



B. The lining is hard and tough, but can be damaged or removed by deliberate and
prolonged mechanical abuse.

C. Hot water in the pipes is limited to 160 °F. Because domestic hot water is usually
regulated at 140 °F to minimize the danger of scalding, this does not present a problem under
normal conditions.

D. If the pipe is cut, loose paint at the site must be removed before the system is closed.
2.3 Factors Influencing Cost and Performance
Factors which affect cost of this process include:

A. Accessibility and complexity of the piping systems.

B. Presence of asbestos.

C. Amount of pipe replacement necessary due to corrosion or bad design.
D. Number of unions, joints, and fixtures required, and.

E. Degree of tenant disruption which requires limiting work schedules.

_ Factors affecting performance are:

A. Quality of surface preparation.

B. Thoroughness of removal of blasting dust before lining.

C. Thoroughness of coating mixing prior to application.

D. Uniformity of the applied lining.

E. Complete curing of the lining after application.

F. Complete flushing of the water system before return to service.

3. Site/Facility Description

3.1 Background

During March 1995 the demonstration participants met with the Public Works
Department of the Naval District of Washington (NDW) at the Washington Navy Yard (WNY).
The Washington Navy Yard and the adjoining Anacostia Naval Annex (ANA), located directly
across the Anacostia River from the WNY, are suitable sites for this demonstration project
because they contain a variety of buildings of different ages, method and material of
construction, and present use. In addition, the site is easily accessible and does not have any
security requirements which might impede access of the contractor or visiting government
personnel. ‘
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At the meeting the participants reviewed the age, construction, and history of most of the
buildings at the WNY and the ANA. A preliminary selection of nine buildings was made, and
water samples were taken for analysis. As a result of the sampling and analysis of drinking
water from nine buildings on the WNY and ANA, three buildings of disparate size, age,
construction and use were chosen for lining. These are described in Section 3.2 below.

3.2 Site/Facility Characteristics

Two maps are included on pages 12 and 13. The first shows the Anacostia Naval Annex
and the surrounding neighborhood; the second is a detailed map of the site, with the
demonstration buildings marked.

Anacostia Naval Annex building 2-87 (FIGURE 2, page 14) is one structure formed by
the union of two smaller buildings. ANA 2 is an old one-story house and ANA 87 is a newer
one-story addition; together they now are used as a detention facility. The building measures
about 30 by 60 feet. It contains a bath area with toilets, showers, and sinks at the north end of
the building, a hot water heater and janitor’s sink in the center, two restrooms with toilets and
sinks at the north end, and two isolation cells with toilets and sinks also at the north end of the
building. The water main is cast iron and rises from the ground into an administrative area in
the middle of the east side of the building and goes through the ceiling to the hot water heater.
From that point copper pipes distribute hot and cold water throughout the structure.

Anacostia Naval Annex building 93 (FIGURE 3, page 14) is a 2-story Bachelor Officers’
Quarters with 30 sleeping rooms, The building measures about 50 by 150 feet and is laid out
similar to a commercial motel. Rooms are on each side of a central corridor; each room has
a shower, toilet and sink. The second floor contains sleeping rooms and a small kitchen in the
center of the east side for use by the residents. The first floor contains a wet bar on the north
end, hot water heaters and a janitor’s closet in the center, and administrative offices and some
sleeping rooms on the south end. The first floor is about six feet off the ground, and the water
main is located in the crawl space under the first floor. The water main enters the building
under the room where the hot water heaters are located; from that point copper pipe in the first
floor ceiling distributes water throughout the building.

Anacostia Naval Annex building 171 (FIGURE 4, page 16) is the Legends, a one-story
snack bar which serves light meals at lunch time. The building measures about 40 by 120 feet
and was formerly the Acey-Deucey NCO Club. The building has a kitchen area with sinks in
the center of the west side, and men’s and women’s restrooms are located at the north end and
center of the building. There is also a wet bar in the center of the building. The water main
is cast iron and enters in the northwest corner of the building, where the hot water heaters are
located. Interior distribution piping is copper.

11
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4. Demonstration Approach

4.1 Performance Objectives

The purpose of this ESTCP Demonstration Program is to show that this lining can be
applied to the interior of drinking water systems in defense buildings and that this lining
effectively prevents pipe corrosion and reduces levels of lead and other heavy metals in the
water.

4.1.1. Minimal Operational Disruption

The contractor was required to perform the work in an expeditious manner and to
minimize impact on tenants and their operations. The contractor had all materials on site at the
onset of work and performed initial planning and inspections before water to the site was shut
off. During the work, the contractor provided an alternative water distribution system using
food-grade plastic hoses approved by the US Food and Drug Administration. Each piping
system was reassembled and left in its original watertight condition after the process was
completed, except for specified alterations.

4.1.2. Minimal Process Wastes

The contractor conducted all cleaning and lining work within a closed system. Used and
unused abrasive grit, corrosion residues within the pipe, and paint wastes were collected in a
trap at the end of the pipe being lined. The contractor removed all wastes from the site and
disposed of them in compliance with all applicable regulations.

4.1.3. Reliability and Reproducibility

The contractor provided his own quality control procedures; reliably and reproducibly
lined piping systems of different sizes, materials, layouts, and ages; and operated the process
in a manner that was compatible with tenant operations.

4.2 Physical Setup and Operation

The contractor provided a "turnkey” operation. That is, he brought all materials and
equipment needed for the work, inspected the piping system before work began, cleaned and
lined the pipe with deliberate speed, restored the system to a water-tight condition, flushed the
system and returned it to use. The contractor also installed a temporary drinking water
distribution system in buildings A2-87 and A93 so that normal activities continued uninterrupted
during lining operations.
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4.2.1. Equipment

A. A 900 cubic feet per minute (cfm) air compressor (FIGURE 5, page 16) provided the
volume and velocity of air needed to effectively clean and line the pipe. This velocity was
required to carry the blast grit through the pipe fast enough to clean the pipe and to provide an
adequate anchor tooth for the epoxy lining.

B. In-line water and oil filters (FIGURE 6, page 18) were located between the equipment
and point of entry to the piping system. The filters were periodically inspected and serviced to
ensure delivery of uncontaminated dry air. Moisture was removed from the compressed air by
an air aftercooler or dryer to prevent condensation in the piping. The maximum allowable size
of airborne particles of oil or water was 0.75 ym (0.03 microns).

C. A heat exchanger (FIGURE 7, page 18) was used to raise the temperature of the
compressed air and the pipe downstream from the aftercooler to provide further protection
against moisture condensation in the piping. After reheating, the working air temperature was
about 68 °C (155 °F) at an ambient air temperature of 27-32 °C (80-90 °F).

D. Air pressure regulators, in conjunction with a manifold system (FIGURE 8, page 19),
were used to regulate the pressure of the air entering the pipe to be cleaned and lined.

E. A grit injector (FIGURE 9, page 19) was used to place the abrasive into the air stream
at a measured rate. :

F. A dust collector with an external filter bag (FIGURE 10, page 21) was installed at the
discharge of the pipe and collected all spent grit, contaminated dust, and excess epoxy coating
during the lining process.

4.2.2, Materials

A. Pure garnet, size 35/60, was used as the abrasive. This gamet was oil-free (as
shown by the test in paragraph 2.1.2-C), clean and dry, contained less than 5 percent fines
(smaller than 30 mesh by weight), and contained no materials which might remain embedded
in the surface or create galvanic interaction with the pipe. The garnet left very little dust residue
in the pipe. Abrasive blasting provided an anchor tooth of 37 um (1.5 mils) for painting. To
prevent contamination of the substrate, abrasives were used once and discarded.

B. The epoxy coating was the NRL Series 4 lining, manufactured by American

Pipelining Corporation of San Diego, California, and tested and approved by NSF International
for this purpose.
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4.2.3. Evaluation of Pipe

A. Prior to beginning the lining process, the contractor ensured that the pipe to be lined
was intact, had no holes, and had a minimum wall thickness of at least 50 percent of the
original. The wall thickness was measured randomly on the pipe and within two feet
downstream of the inside and outside of bends. The wall thickness of the pipe was measured
at suitable intervals along the pipe, but at least every 50 feet. The wall thickness on vertical
pipe was measured by taking four readings at 90° to each other.

B. The contractor identified dissimilar metals in the system that could become a potential
cause of deterioration to the system. Dielectric unions were ultimately placed at all of these
junctions.

C. The contractor determined the presence of non-standard layouts and items in the
system that could affect its performance. Specifically, several dead-end runs of pipe were
removed and numerous fixtures which might contribute levels of lead were identified but not
replaced at that time because replacement was outside the scope of the contract.

D. The contractor identified the presence of corrosion in the system only at one junction
between a galvanized pipe at a hot water heater. This was subsequently replaced and a dielectric
union installed.

E. The contractor did not find asbestos insulation in or around the piping system.
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F. The contractor found that lead in the system arose primarily from lead-based solder
and brass faucets.

4.2.4, Initial Preparation of the Site

Since accurate drawings of the water systems were not available from the Naval District
of Washington, the contractor developed these on his own (see Contractor’s Production Reports
in Appendix C). During this procedure it was noted that asbestos removal would not be required
and only one area of corrosion was found which required replacement, a short run of galvanized
pipe in building A171, the Legends. Several areas of old abandoned pipe that dead-ended were
also removed from this building,

The number of “runs” necessary to complete each building was determined from the
drawings. Adaptors and hoses for temporary water supply (FIGURE 11, page 23) were rigged
for the BOQ and the Detention Facility, both of which remained in operation throughout the
process. a temporary water service was not necessary at the Legends. Outdoor areas for the
placement of the air compressor, dehumidifier, and dryer were determined as well as the hours
available for work operations. Free access was allowed at the Legends and the Detention
Facility while hours for cleaning and lining operations at the BOQ were restricted to hours when
tenants were absent, about 0800 to about 1700,

The demonstration began on July 8, 1996 and continued until August 2. Work was not
interrupted by weekends or holidays.

The Legends was lined first, followed by the Detention Facility, and lastly the BOQ.
Scheduling was planned so that different operations could be performed in different buildings;
for instance, lining was conducted in one building while temporary water was installed in the
next building.

After the temporary water lines were installed in the Detention Facility and the BOQ, all
valves and fixtures were removed from the pipe system. A small number of valves, fixtures,
and piping sections whose thickness was less than 50% of original or were inoperable were
replaced; most of these were in the Legends. All joints were converted to mechanical fittings
to provide for reassembly after lining without application of heat from welding.

Air hoses were secured to every water pipe inlet (FIGURE 12, page 23) in each run
segment and a connection/transition piece leading to the dust collector was installed to every
water pipe outlet point within the run segment.

An initial air pressure test to check the integrity of the system was performed. Leaks

were repaired as necessary and the system pressurized with air to 70 psi for 5 minutes and
checked for pressure drops to validate system integrity.
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4.2.5. Cleaning

The piping was grounded to ensure that all static electricity was dissipated. A HEPA
(High Efficiency Particulate Absorbent) bag filter was installed at the run outlet(s) to remove any
particles created during the cleaning step. Hot, dry, oil free compressed air was forced through
the run segment until the pipe was thoroughly dried. The pipe section was then cleaned by
injecting garnet grit mix (one-third 16 mesh, two-thirds 80 mesh) into the flowing compressed
air stream. The pipe run section was then purged with compressed air to clear dust and loose
materials, Particulates were collected at the end of the pipe section in the filter and were
disposed of in accordance with all applicable regulations. A pressure test was run on each
segment to verify the integrity of the system after cleaning. The pipes all held 70 psi pressure
for 5 minutes. Each section of pipe was visually inspected for cleanliness and proper anchor
tooth pattern. The prepared surface had a clean blast appearance, and an anchor-tooth (not
peened) surface profile of 37 um (1.5 mils) which was validated (measured) at the pipe inlet and
outlet with profile tape and a dial micrometer. The surface, when viewed using a magnification
of 10x, was free from oil, grease, dust, dirt, mill scale, corrosion products, oxides, paint, and
other foreign material.

4.2.6. Lining

_ Between cleaning and lining, hot, dry, oil-free compressed air, heated to a temperature
high enough above the dew point to prevent condensation of moisture on the substrate, continued
to flow through the pipe. The two components of the NSF International-approved epoxy paint
were weighed out in the proper ratio, mixed thoroughly with a mechanical stirrer, and injected
into the entries of each pipe segment in a quantity sufficient to coat the entire interior surface
at twice the desired thickness to compensate for losses. Compressed air was then applied at the
proper pressure and for the required duration to accomplish the interior coating of the piping
segment. The emergence of paint at the end of the pipe segment was determined by observing
it in a section of clear plastic pressure hose connected to the outlet line. At this point the air
pressure was reduced to a low level to cease lining but provide enough warming to facilitate
drying of the film. After adequate drying, a second coat was applied in the same manner as the
first coat, but no later than 24 hours after the first coat. After the last coat of epoxy lining had
been applied, hot air was passed through the pipe system for 12-18 hours to complete the curing
of the epoxy lining. This process was repeated for each pipe run until the entire system had
been coated.

The coated pipes were inspected visually as far into the pipe as was practical at each end
to ensure uniformity and absence of film defects. Test pipes and clear hoses installed within the
system being coated were inspected in the same way. All coated pipe was deemed acceptable
after visual inspection, film thickness measurement, and knife adhesion testing.
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4.2.7. Restoration of the Piping System

After the paint had dried sufficiently, all valves and other make-up pieces were re-
installed. A pressure test was done with compressed air to test the integrity of the piping, valves
and joints. The pipe systems all held 70 psi pressure for 5 minutes. Repairs were necessary
only at one sink area at Legends. All fixtures and appliances were reconnected, potable water
introduced into the system at its normal operating pressure, and the entire system was flushed
with a minimum of twenty-five volumes of potable water. _

The entire system was then filled with potable water and allowed to stand without
disturbance for twelve hours, followed by flushing again with a minimum of twenty-five volumes
of potable water and then allowing to stand without disturbance for twelve to eighteen hours
prior to sampling.

4.2.8. Sampling and Inspection System

Sampling and inspection of the coating materials and processes consisted of the following
steps. These are documented in the Contractor’s Production Reports in Appendix C.

A. Sampling and inspection of materials:

(1) Epoxy paint designated APL 2000: Component 1 (base), Lot 60196; and
Component 2 (hardener), Lot LC15B12446; date of manufacture, June 1996 for
both.

(2) Grit used for cleaning and establishing an anchor tooth profile: 16 mesh from
Emerald Creek, Post Office Box 90, Fernwood, Idaho 83830 and 80 mesh from
GMC, Australia; both passed the oil sheen test in 2.1.2-C.

(3) Quality of air used: Qil content <10 ppm, water content < 1%.

B. Inspection of the prepared substrate after blast cleaning and prior to lining: Anchor
tooth profile - 1.5 mils; contaminants such as dust, water, oil, or scale - none observed; and
absence of leaks in the system by pneumatic pressure test at 70 psi for 5 minutes - pass.

C. Inspection of the lining: The inlets and outlets of each lined pipe section as well as
spool pieces and clear hose sections of the section were examined visually. The lining thickness
was measured by removing dry film from the plastic hose “witness” sections and measuring with
a micrometer. All test samples were within specification parameters of 150 and 225 um (6-9
mils).

4.3 Sampling Procedures

Both the on-site monitoring method and the reference analytical method require that water
stand undisturbed in a piping system for at least 18 hours before samples are taken. At that time
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a one-quart sample is collected in a polyethylene bottle which has been specially cleaned to
remove heavy metal contaminants. The bottles were supplied ready-to-use by the confirmation
laboratory. After collecting the sample the bottie was capped and shaken to ensure complete
mixing. For the on-site monitoring method, one-tenth of an ounce of water was transferred to
the disposable sensor in the testing device. For the reference method the entire sample (or the
quart sample less the 0.1 ounce) is sent to the reference laboratory. Samples were taken from
hot and cold outlets of sinks where quality is more of a concern than from urinals and showers.
Test data for the field method was taken from the samples collected for the reference method
in order to get a direct comparison of the results.

4.4 Analytical Procedures

- Two analytical methods were used to test water from lined pipes for lead content. To
measure the concentration of lead in drinking water from the lined piping on site we used a
potentiometric stripping analyzer, the "Metalyzer 3000" manufactured by the Environmental
Technologies Group, Inc., 1400 Taylor Avenue, P. O. Box 9840, Baltimore, MD 21284-9840;
contact Rick Priddy, phone 410-321-5219 or 410-321-5200, fax 410-339-3213. Our unit was
a prototype or "beta" unit. [This model has since been redesigned by the manufacturer and is
now being sold as a production model, the "Metalyzer 5000."] Our unit (no apparent serial
number; NOSC property number NOSC USN 66001 *PB12709*) used software version 1.12.
This unit gives a direct reading in about 2 minutes for lead, cadmium, and copper.

Secondly, samples were collected and shipped to an EPA-approved laboratory where they
were tested* by EPA Reference Method EPA 239.2. The limit of this method is 5 ug/L;
amounts less than that are reported as ND (not detectable). The precision of this method is +1
pg/L. :

5. Performance Assessment

5.1 Obtaining Samples of Tap Water for Analysis of Lead

Taps in the buildings to be lined were not used for 24 hours before sampling, as specified
in EPA Reference Method EPA 239.2. This precaution was not sufficient to ensure that each
sample represented water lying undisturbed in the area being sampled. In addition, subsequent
analysis of the data indicates that each sample is compromised to some extent by concurrent
sampling at nearby faucets. ’

Analyses of lead by the EPA Reference Method, in the three demonstration buildings
before lining, are given in Table 2. Each number denotes a single measurement on a separate
water sample; no averages or means are reported. The buildings were in daily use during the
sampling period, and differences in the March and September data are caused by the frequency
and volume of water drawn at each sampling point., Specific difficulties in sampling were:
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Table 2. Baseline Lead Determinations, March and September, 1995

Sample Location® September March
Number!
Building A171
33 Kitchen sink 1 6 6
17 Kitchen sink 2 ND 9
31 Main men’s sink 1 , 52 17
1 Main men’s sink 2 17 16
28 Main men’s sink 3 5 35
37 Main women’s sink 2 9 13
44 Old men’s sink 1 23 410
32 Old men’s sink 2 24 670
36 Old women’s sink 1 69 380
40 Old women’s sink 2 272 90
Building A93
10 First floor men’s sink 1 10
26 First floor women’s sink 1 13 9
19 First floor women’s sink 2 8 10
9 First floor water fountain ND 7
49 First floor kitchen sink 15 21
25 Room 101 8 30
46 Room 102 ND 8
35 2nd floor water fountain 3
Building A2-87
39 A2 Men’s sink 1 3
8 A2 Men'’s sink 2 23 9
23 A2 Men’s sink 3 4 100
42 A2 Water fountain 4 21
20 AS87 Cell 1 water fountain 131 70
7 A87 Cell 2 water fountain 212 20
18 A87 Water fountain 68 15
15 AB87 Janitor’s room 5 31
5 A87 Men’s sink 1 ND 11
48 A87 Men’s sink 2 5
34 A87 Men’s sink 3 3 9
12 A87 Women’s sink 1 69 41

Note 1: Numbers were assigned randomly to preclude bias in handling and analysis.
Note 2: In rooms with more than one sink, sinks are numbered from the left.
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5.1.1 Faucets out of Service. Certain faucets were out of service, and water had been
standing in the taps far longer than 24 hours. For example, in Building A171, the old men’s
sinks 1 and 2 and the old women’s sinks 1 and 2 showed extraordinarily levels of lead because
these taps had not been used for some months before the March, 1995. These taps were not
used again until the September, 1995 sampling, and lead levels again were high, but not as high
as the first readings.

5.1.2 Imerference berween Taps. Sampling from one tap affects the water in adjacent
taps. Taking the stipulated 1-Liter sample from a ‘4-inch pipe drains 25.9 feet of pipe; water
so far back in the pipe feeds other taps as well, and water subsequently sampled from nearby
taps will be diluted by fresh water drawn into the feeder lines by the first sampling. Careful
analysis of our data on the order of sampling and the measured lead levels reveals a step-wise
dilution in measured lead levels. This is seen most clearly in the old sinks in building A171,

.5.1.3 Fixtures. Fixtures add significant lead to the sample. The Safe Drinking Water
Act of 1986 requires that the lead content of fixtures must be less than 8 percent. Nevertheless,
old fixtures abound, and it has been estimated that up to 33 percent of the first-draw sample may
contain lead leached from the faucet. Furthermore, it is estimated that 20 faucet volumes of
water must be passed before the faucet effect is eliminated.

5.1.4 Continuing Use. Despite our best efforts, we cannot be completely sure that all
tenant activities came to a halt during the sampling period. In particular, Building A2-87 is
staffed around the clock.

5.2 Performance Data

5.2.1 Building A171. Some modifications to the piping system were necessary before
work began: Repairs were necessary at one sink area; long dead-end runs of pipe were
disconnected; and a section of galvanized pipe near the north hot water heater was removed and
replaced by copper piping. The piping was divided into three runs, and check valves were used
to define the limits of each run and prevent paint from blowing out of the intended area. The
three runs were completed between July 12-16.

5.2.2 Building A2-87. A temporary water distribution system was installed in the
ceiling. The piping was divided into two runs, separated by a check valve, the break being
placed in the hallway north of the mechanical room. Work was completed without incident
between July 18-20.

5.3.3 Building A93. To accommodate tenants’ wishes, work was limited to the period
0800-1600. Temporary hot and cold water systems were installed for all sleeping rooms, the
kitchen and the clothes washers. The piping system was divided into three segments: from the
east end of the building to the mechanical room; the mechanical room, including this room,
halfway to the west end of the building; and from the end of segment two to the west end of the
building. The three runs were lined between July 23 and August 2.
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5.3 Followup Assessments After Lining

Results of the analyses after lining are given in Table 3. Each number denotes a separate
water sample; no averages or means are reported. Numbers in bold exceed the legal limit for
lead in water of 15 micrograms per liter (ug/L). Testing was performed according to the
methods stipulated in Section 4.4. In several cases duplicate samples were taken from the same
source and analyzed; no pair of values differed by more than 3 ug/L.

5.3.1 Calibration of the Metalyzer 3000. Sixteen samples (denoted C) collected after
lining gave values for lead between 5 and 50 ppb by both the Metalyzer and EPA Standard
Methods, as shown in Table 3. A linear regression analysis on these 16 data pairs yielded a
regression coefficient (R? of 0.94 and a standard deviation of 3.5. Thus values from the
Metalyzer can be regarded as +3.5 ppb different from the EPA Standard Method. The
regression coefficient and standard deviation are likely better than this because 11 pairs of values
(denoted x) were excluded from this calculation (see Table 3); in each of these pairs the value
found by the Metalyzer was below its detection limit (5 ppb) and 9 of the 11 values from the
EPA Standard Method were also below 5 ppb.

5.3.2 Building A171. This building was chosen for a detailed assessment of the sources
and concentrations of lead in water. The building was temporarily out of use, giving us freedom
of movement and the ability to control the water flow in the facility at all times.

Legends was divided conceptually into three suites. Refer to the plumbing diagram in
the contractor’s production report (Appendix C) to aid in visualizing the suites.

Suite 1 contains the main bathrooms at the north end, which have three sinks apiece,
women’s 1, 2 and 3 and men’s 1, 2 and 3, Each is within about 20 feet of where the main
enters the building.

Suite 2 is the kitchen area and contains three sinks, 1 (left), 2 (center), and 3 (right).
Each is within about 60 feet of where main enters the building.

Suire 3 consists of the unused bathrooms and a bar. The bathrooms have two sinks each,
‘'women’s 1 and 2 and men’s 1 and 2; the bar has one sink. Each bathroom sink is within about
100 feet of where the main enters the building, and the bar sink is perhaps 120 feet from this

spot.
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Table 3. Metal Determinations, August, 1996, after Lining

Sample  Location Pb? (EPA Method Pb)? cg Cu® Regression
Number! (ppb) (ppb)
Building A171
78 Kitchen sink 1 hot water 45.3 (46) <5 3112 C
94 Kitchen sink 1 hot water (retest) 56.4 <5 3145
63 Kitchen sink 2 hot water 20.9 <5 <70
74 Kitchen sink 2 cold water 42.5 (46) <5 216.8 C
62 Kitchen sink 3 hot water <5 <5 5754
84 Kitchen sink 3 cold water <5 (12) <5 514.8 X
80 Women's sink 2 cold wtr 11.0 (13) <5 493.7 C
81 Bar sink cold water 7.5 (D <5 385.8 C
Building A93
82  Room 101 cold water 8.9 (3) <5 <70 C
76 Room 103 cold water 6.3 (<D <5 <70
75 Room 104 hot water 9.5(3) 41.5 271.8 C
69 Room 105 hot water 7.6 (D 24.6 <70 C
68 Room 106 cold water <5(<1) <5 <70 X
71 First floor water fountain 6.1 (10) <5 72.4 C
66 First fl men’s sink 1 hot water <5@3) <5 <70 X
67 First fl men’s sink 2 cold water <5@4) <5 <70 X
64 Room 208 cold water <5 <5 <70 )
83 First fl kitchen sink cold water 15 (19) <5 105.8 C
Room 210 cold water® (<1
91 Room 210 hot water 53 () <5 <70 C
86 Room 211 hot water 6.5 (2) <5 116.5 C
90 Room 211 cold water <5 @ <5 <70 )
92 Room 212 hot water <5 (10) <5 <70 X
93 Room 212 cold water <5 (<)) <5 <70 X
88 Room 213 hot water 9.8 (8) <5 <70 C
85 Room 213 cold water <5(2) <5 <70 X
87 Room 214 cold water <5 (1) <5 <70 X
65 Second fl kit sink hot/cold water’ 6.4 (<1) <5 <70

30



Table 3. Metal Determinations, After Lining (continued)

Sample' Location Pb? (EPA Method Pb)® Cd* Cu® Regression
(ppb) (ppb)
Building A2-87
70 A&7 Water fountain 15.8 (18) <5 <70 Cc
72 A87 Cell 1 hot water 11.2 (5) <5 <70 C
73 A87 Cell 1 cold water <5 (2) <5 <70 X
77 A87 Cell 2 hot water 15 (12) <5 <70 C
79 AB7 Cell 2 cold water 8.8 (5 <5 120.7 C

Note 1: Numbers were assigned in sequence by the Metalyzer 3000.

Note 2: Results from the Metalyzer 3000; limit of detection 5 ppb.

Note 3: Results from the reference laboratory using EPA Reference Method EPA 239.2; limit
of detection 1 ppb.

Note 4: Results from the Metalyzer 3000; limit of detection 5 ppb.

Note 5: Results from the Metalyzer 3000; limit of detection 70 ppb.

Note 6: Not measured with the Metalyzer 3000.

Note 7: This was a single-control, pivoting handle faucet.

In each suite, we determined the order in which supply water flows to the taps,
determined as precisely as possible the length of pipe between taps, and determined if a 100-mL
sample can be obtained without compromising other samples.

a) The main bathrooms have men’s and women’s sinks back-to-back. It is possible to
sample from a tap nearest the water supply (men’s 1) and then from a tap which is both farthest
from the water supply and about 2% feet from the first tap (women’s 3). We did not sample
from back-to-back taps. Thus two undisturbed samples from this suite were taken each day.

b) In the kitchen, two taps are about 6 feet from one another and the third is across the
room. We sampled from only one of the former. We obtained an undisturbed sample from
sinks 1 (left) and 3 (far right) taps each day, including the tap which gave the high readings in
September, 1996.

c¢) In the old bathroom suite, the situation is essentially the same as in the main bathroom
suite, although the geometry is different. The men’s and women’s sinks are back-to-back, It
is possible to sample from a tap nearest the water supply (men’s 1) and then from a tap which
is both farthest from the water supply and about 2% feet from the first tap (women’s 2). The
bar is about 20 feet from the bathrooms and gave an undisturbed sample after the bathrooms
were sampled. Thus three undisturbed samples from this suite were taken each day.

Cold water was sampled on two successive days, February 27 and 28, 1997, and samples

were analyzed in the Metalyzer 3000. We began sampling at the area closest to the water main
and continued to the area most remote from the water main; that is, we sampled the main (north)
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bathrooms first, then the kitchen, and lastly the old (south) bathrooms. On the afternoon of the
day before testing, all taps were flushed at high flow for 20 minutes. Fifteen hours or more

elapsed between flushing and sampling,.

Four samples were taken at each tap:

I0mL + 100mL + 300mL + 590mL = 1L

feeder EPA
piping equiv

<---local--->
piping

fixture

The first 10 mL sample represents the water closest to the faucet. Most faucets are made
of chrome-plated brass, and the Safe Drinking Water Act of 1986 requires that the lead content
of these fixtures must be less than 8 percent. Nevertheless, it has been estimated that up to 33
percent of the first-draw sample may contain lead leached from the faucet. Furthermore, it is
estimated that 20 faucet volumes of water must be passed before the faucet effect is eliminated.’

After the 10 mL sample was taken, a further 100 mL sample, and then a further 300 mL
sample were taken, representing the water in the local supply lines closest to the fixture, and
these were analyzed separately. Finally, the three samples above were combined and 690 mL
‘ of water was collected and combined with these samples to make a one Liter sample, which was
| analyzed to give a value comparable to that obtained with EPA sampling protocols. The results
are shown in Table 4.

Table 4. Day 1 (February 27) Samples: Lead (Copper) Concentrations, ppb

i Sample 10 mL 100 mL 300 mL 1 Liter
Description

Mainmen’s sink 1 | 48.2 (<70) | 8.2 (<70) <5 (<70) 11 (<70
Main women’s sink 3 | 36.2 (<70) | 20.0 (<70) <5 (<70) <5 (<70)
Kitchen sink 2 <5(<70) | 13.6 (<70) 7.9 (<70) 14.0 (< 70)
Kitchen sink 1 19.6 (<70) | 15.7 (<70) <5 (111) 28.2 (<70)
| Old men’s sink 1 66.8 (336.5) | 6.6 (<70) <5 (<70) 7.8 (<70)
Old women’s sink 2 | 32.6 (81.9) 16.8 (<70) 19.1 (<70) 19.8 (<70)
| Bar sink 9.3 (105.5) <5 (<70) 9.7 (<70) <5 (147.1)
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After the February 27 testing was completed, the lines were again flushed for
approximately 20 minutes, closed and allowed to remain static for about 15 hours. The sampling
was repeated as before except that the old (south) women’s sink 2 was sampled prior to the old
(south) men’s sink 1 and the bar sink was not sampled. At the end of the second flushing a 1
liter sample was taken from the kitchen sink 3 (far right) to serve as a baseline of incoming
(from main supply) water. The results of this testing are given in Table 5.

Table 5. Day 2 (February 28) Samples: Lead (Copper) Concentrations, ppb

Sample 10 mL 100 mL 300 mL . 1 Liter
Description

Main men’s sink 1 8.5(72.9) 15.8 (<70) 5.9 (<70) 11.2 (<70)
Main women’s sink 3 | 17.2 (<70) <5 (<70) 6.9 (<70) <5 (<70)
Kitchen sink 2 <5 (<70) 16.2 (<70) 5.2(<70) 6.3 (<70)
Kitchen sink 1 14.1 (<70) 26.6 (<70) 13.2 (111) <5 (<70)
Old men’s sink 1 42.2 (140.8) | 14.3 (<70) <5 (<70) 12.6 (<70)
Old women’s sink 2 | 9.1 (<70) 6.6 (<70) 12.7 (<70) 15.9 (<70)
Kitchen sink 3 - - - <5 (<70)

Even after the second day’s sampling, lead levels in three samples remained surprisingly
high. Although all measurements conform to EPA Requirements [within one standard deviation
(3.5 ppb)l, it is reasonable to expect that a fully-lined piping system should show no lead at alt
in the water it contains. In this case, however, it is likely that some dust residue from the pipe
cleaning operations remained in the pipe and was incorporated in the paint, creating a small
source of lead. If the building were in constant use, this reservoir would be exhausted by now
and lead levels would be uniformly below the limit of detection of the Metalyzer 3000.

5.3.3 Building A2-87. This building, a detention facility, is in use continuously around
the clock. Therefore samples of water were taken for analyses on April 8, 1997 at 0500 to 0530
in order to increase likelihood of having 6-8 hours of low or non-usage. Even in spite of this
it is assumed that the A2 men’s restroom saw limited use during the night. Lead and copper
determinations were made using the Metalyzer 3000 unit. Results are given in Table 6 below.
All five of these locations were also sampled in March and September 1995, before lining.

As can be seen from these data, detectable concentrations of lead and/or copper are found

in the first 10 or 100 mL of sample, indicating that metals are clearly associated with fixtures.
After water from the fixtures is drawn, none of the remaining water contains a detectable amount
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of lead, as would be expected for a building in constant use. The water fountain, which has an
internal reservoir, shows lead in the first 300 mL of sample. '

Table 6. Samples: Lead (Copper) Cdncentrations, ppb

Sample 10 mL 100 mL 300 mL 1 Liter
Description

Cell 2 water fountain | 21.9 (<70) | <5 (<70) ; -

A87 Women’s sink 1 | 26.4 (<70) | <5 (<70) <5 (<70) -

A87 Men’s sink 3 <5(<T0) | <5(<70) <5 (<70) <5 (<70)

AB7 Water fountain <5 (<70) 10.2 (362.9) <5 (80.5) -

A2 Men’s sink 3 18.7 (<70) 14.8 (<70) <5 (<70) <5 (<70)

5.3.4 Building A93. No followup testing was conducted in this building.
5.4 Conclusions

Analyses of lead in water using the Metalyzer 3000 correlate with EPA REference
Method EPA 239.2 over the range of 5 to 50 ppb. The regression coefficient R? over this range
is 0.94 and one standard deviation is +3.5 ppb.

Obtaining a statistically-significant number of undisturbed samples of water at one time
is difficult. In bathrooms and kitchens where sinks-are close, samples from one tap draw on
water supplying a neighboring tap. Dilution effects are seen in sampling and must be considered
when analyzing data.

Fixtures contribute a significant amount lead to the sample. Water samples which
separately reflect the water in the fixture, the water in the feeder lines, and the water in the main
are an effective way to identify the source of lead.

Dust, created when the pipe interior is cleaned by abrasive grit, must be scrupulously
removed from the pipe before the liquid lining is introduced. The dust has a high surface area
and, if entrained in the lining, will leach heavy metals into the drinking water. Excessive
amounts of dust will prevent adhesion of the lining to the pipe and cause premature failure of
the lining.

The NRL Series 4 epoxy lining stops leaching of lead into drinking water piping systems
and maintains lead levels in water below EPA limits (Tables 5 and 6).
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5.5 Technology Comparison
Other technologies to place linings within piping systems are available.

The technology which competes most directly with the demonstrated process is available
from Union Carbide Industrial Services Company of Houston, Texas. In this process, the
UCISCO process, air inlets are established at each end of pipe to be lined. Two hard rubber
balls are introduced at one end and a fast-drying lining is placed between the balls. Air pressure
is used to move the two balls to the far end of the pipe; pressure is reversed and the balls are
propelied back to their starting point. Paint is squeezed onto the pipe walls during both passes.
The balls must be returned to their starting point and removed from the pipe before the paint
sets, gluing them in place.

Preformed solid polymer films may also be inserted into pipes. In one case, a cable is
used to pull a deflated plastic liner through a pipe; hot air then inflates the liner and, in the
reverse of the shrink-wrap process, heat-bonds it to the inner surface of the pipe. The liner must
be punctured at each branch from the main line to restore flow to the branch; if the branch is
lined in a similar way, there is no way to bond the liners at the joint. A similar process, the
Insitu-Form process, uses a resin-soaked fabric in place of the plastic liner; after insertion heat
is used to cure the resin and hold the liner in place. Limitations to this process are the same.

These methods are suitable only for long unbroken runs of pipe which have a constant
diameter and lack sharp bends. Municipal underground sanitary sewers and fuel distribution
systems at airfields are examples of where this type of pipe configuration may be found.

It is also possible to blow a thick slurry of cement in water through a pipe to produce a
cement lining. Although sometimes used in metal pipes in the vain hope that the alkaline cement
will passivate the metal and prevent its corrosion, this process is most often used in underground
cement sewer and drainage pipe systems.®

Chemical treatments for water which reduce the rate of extraction of lead from the pipe
are also available.”®

Faucets which contain no lead are commercially available.’

6. Cost Assessment

6.1 Cost Performance

The costs of using the lining are entirely installation costs. Once installed, the lining
requires no maintenance. The coating is expected to last 30 years in residential, office, and light
industrial applications. These projections are also based upon nine years of experience with
these coatings on aircraft carrier sanitary piping systems, and on six years of commercial activity
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with epoxy coatings in residential drinking water systems. The government assumes no future
liability as long as the lining has been approved by NSF International under ANSI/NSF Standard
61 and has been applied properly. Spare parts and training of water system operators are not
issues.

The contractor furnishes all labor, equipment and supplies. The contractor does what
little site preparation is necessary. Cleaning and painting are done within the pipe system and
hoses (which may attain 60 psi). There are no requirements for more than standard worker
safety and environmental precautions, and no extraordinary costs are incurred in this area.

The actual costs of this demonstration project are broken down In Table 7:

Table 7. Cost Data Table

Cost Category Cost
Materiais 1$ 40,265
Direct Labor 8,628
[lOther Direct Costs 15,339

IManufacturing Overhead 4,794

[General & Administrative | 26,844
TOTAL |$ 95,870

Categories in Table 7 are defined as follows:

Direct Material (42%): Garnet blasting grit; replacement plumbing materials, paint. The
principal component of the price of the paint is the cost of having it tested and
approved by NSF International.

General & Administrative (28%): Administrative costs, payroll accounting, taxes.

Other Direct Costs (16%): Compressor rental and fuel, hoses, fittings, transportation of
crew to job site; meals and lodging at the job site.

Direct Labor (9%): Wages, protective clothing & equipment; housing and per diem for
workers on site.

Manufacturing Overhead (5%): Freight of reusable equipment to job site and return to
contractor’s home base.
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Costs are highly dependent on the piping system being lined. The amount of work being
done at one time affects costs, because it allows overhead costs to be spread over several
buildings. For planning purposes in the continental United States in 1997 estimate $75 per linear
foot of pipe (diameter not important) and three days per structure. Costs to install new piping
are influenced by geographical variances in labor and materials. Detailed pricing information
may be found in trade manuals such as the Plumber’s Pricing Manual®.

6.2 Cost Comparisons to Conventional and Other Technologies

Quantitative cost savings are very difficult to state in general terms. Factors which affect
cost are:

6.2.1 Factors Related to Any Method of Rehabilitating Pipe:

A. Pipe may need to be replaced because it has corroded, or because it contains lead solder
or other proscribed materials. Methods of construction determine the ease of tearing out and

replacing piping.

B. Restoration of pipe system to code. If deviations are found such as incompatible metals
(i.e., a galvanized pipe section in a copper pipe system), lengths of dead-end pipe, or a section
of smaller-diameter pipe connecting two sections of larger-diameter pipe), they must be repaired
before work begins so that subsequent cutting and repair of lined pipe is precluded.

C. If asbestos insulation is found, it must be removed.

D. Disposal of old pipe, insulation, and related materiéls.
E. Labor costs.

F. The loss of use of the building during pipe replacement.

6.2.2 Factors Related to the Demonstrated Technology:
Thickness of paint to be applied to the interior of the pipe.
Metal from which the pipe is made.

Spot repairs to pipe before coating begins.

The need to install a temporary drinking water distribution system.

m o 0o ¥ »

Walls and floors may be penetrated and subsequently repaired. Drywall is easxly cut and
removed and easily repaired. Other materials such as brick, wood, plaster or ceramic tile are
more expensive to alter.
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F. The amount of time that the building can be made available to the contractor should be
as long as possible. For instance, if tenants allow work to proceed only between 0800 - 1600,
the number of days to complete work will be increased.

G. Costs related to the time that the building is out of service are separate and must also be
considered.

6.2.3 Costs of Replacing Pipe in Building A93, the Bachelors Officers Quarters

The actual cost of replacing all piping in Building A93 is $114,213.00. Labor was
provided by the Public Works Department at the Naval District of Washington. This cost is
greater than the cost of lining all three buildings in this demonstration project, which was
$95,870. :

7. Regulatory Issues

7.1 Approach to Regulatory Compliance and Acceptance

Materials in contact with drinking water must be tested and approved by NSF
International (Ann Arbor, Michigan) for compliance to ANSI/NSF Standard 61, "Drinking Water
System Components - Health Effects.” NSF International, a not-for-profit organization, is the
only firm authorized by the Environmental Protection Agency to test and approve materials for
contact with drinking water. The testing consists of three parts: A review of the properties and
history of the ingredients of the lining; application of the lining to pipe, extended contact with
water, and tests of the water to ensure nothing has been extracted into it; and examination and
certification of manufacturing facilities to ensure that the lining is not contaminated with
extraneous material. Because of the requirement that manufacturing facilities must be approved,
only manufacturers can obtain NSF certification. To make certification more rapid and less
expensive for manufacturers, NRL supported the first two phases of the certification procedure
with non-ESTCP funding.

The NRL lining has been licensed exclusively to American Pipelining Corporation
(address in Appendix A, page 45). American Pipelining identifies this lining by their product
number APL-2000 and has obtained NSF International certification for domestic hot and cold
water.

Defense Department users are cautioned about the selection of coatings for contact with
potable water. Many coatings are offered commercially for this purpose, but because their
compositions are proprietary and likely to change, it is not possible to describe all of them here.
The NRL Series 4 coatings are recommended, for they have been developed by the Naval
Research Laboratory specifically for this application and have passed all necessary health and
safety tests.
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There are no regulatory issues unique to the installation of the lining. Good industrial
hygiene must be practiced to avoid contaminating the lining, and the piping system must be
flushed before use. Once installed, the lining requires no maintenance or repair, and spare parts
and training DoD personnel for this work is not an issue.

8. Technology Implementation

8.1 DoD Need

Several Defence facilities do not comply with EPA and Defence regulations on lead in
drinking water. Several buildings have been taken out of service, and bottled water is brought
into many others at substantial cost. There is a need for a fast, economical way to rehabilitate
these buildings.

8.2 Transition
Appendix D contains technical information extracted from the Request for Proposals used

in this Demonstration Program. Defense activities are urged to examine this, modify it to suit
local needs, and use it directly in their own solicitations or RFPs.

9. Lessons Learned

The following is a list of lessons learned during the execution of this demonstration.

A. Accurate drawings of the potable water systems makes planning and scheduling more
efficient, thus reducing uncertainty in costs.

B. Fixtures which leach heavy metals into the water should be identified and designated for
replacement, because they are not lined in the process and they will continue to contribute
substantial concentrations of heavy metals to water.

C. The use of a borescope is impractical due to the time involved for drying and the many
branches which can be in any single run. Therefore the use of plastic hose “witness” blanks
facilitates checking film appearance, drying, and thickness.

D. Care must be taken to remove all dust after grit blasting and before lining.

E. Requests for Proposals and award of a contract consume a great deal of time.

Engineering Field Activities should remain involved in all phases of the contracting process so
as to expedite this process and to ensure smooth scheduling at the work sites.
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Appendix A

Points of Contact

The following individuals participated in all or part of the demonstration:

Dr. Robert F. Brady, Jr.*
Dr. James D. Adkins®

Code 6123

Naval Research Laboratory
Washington, DC 20375-5342
tel 202-767-2268,* -2132"
fax 202-767-0594

Mr. Manmohan S. Chawla

Mr. Richard Thomas

Naval Facilities Environmental
Service Center East

Washington Navy Yard

Washington, DC 20374

tel 202-433-8764

fax 202-433-8777

Mr. Joseph Kaminski, Code 41

Headquarters, Naval Facilities
Engineering Command

200 Stovall Street

Alexandria, VA 22332

tel 703-325-5104

fax 703-325-0183
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Ms. Kathleen Kinsley

Code 71

Naval District of Washington
Washington Navy Yard Bldg 166
Washington, DC 20374

tel 202-433-7182

Mr. Abe Nashabe

Code ESC 423

Naval Facilities Environmental Service Center West
560 Center Drive

Port Hueneme, CA 93043-4328

tel 805-982-3016

fax 805-982-4832

Mr., Wayne Nishimoto
Insitu Pipe Coating Co.
4140 Trieste Drive
Carisbad, CA 92008
tel 619-721-2577

fax 619-721-2578

Mr. Michael Putnam

Naval Command, Communications and Ocean Sciences Center
RDT&E Division, Code 521

49590 Lassing Road

San Diego, CA 92152

tel 619-553-2926

fax 619-553-1769

Mr. Steve Tjekas

Public Works Center, Code 490
Naval District of Washington
Washington Navy Yard Bldg 218
Washington, DC 20374

tel 202-685-8492

fax 202-685-8235
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The individuals on the preceding two pages and the following individuals received a copy
of the Technology Demonstration Plan:

Mr. Carl Adema

SERDP

901 N Stuart Street, Suite 303
Arlington, VA 22203

tel 703 696 2125

fax 703 696 2114

Ms. Jane Anderson

US Army Center for Public Works
ATTN: CECPW-ES

7701 Telegraph Road

Alexandria, VA 22315-3862

tel 703-806-5214

Mr. Dirk Bouma

2306 Dexter Avenue
Silver Spring, MD 20902
tel 301-417-6078

Mr. George Glavis

US Department of State
PO Box 5144

Falls Church, VA 22044
tel 703-875-5741

Mr. Michael Gustavson

Naval Sea Systems Command Detachment PERA-CV
1305 Ironsides

Bremerton, WA 98310-4924

tel 206 476 4260

fax 206 476 3078

Mr. Leonard A. Helt

Newport Chemical Activity

Mason & Hanger-Silas Mason Co., Inc.
P. O. Box 458

Newport, IN 47966

tel 317-245-2251

Mr. Les Keffer
Pollution Prevention Division AF/CEVV
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Office of the Chief Engineer
1260 Air Force Pentagon
Washington, DC 20330

tel 703 697 2797 or 2928
fax 703 695 8943

Mr. Terry Knight

LANTDIV Code 18 (Environmental)
Naval Facilities Engineering Command
1510 Gilbert Street

Norfolk, VA 23511-2699

tel 804-322-4738

fax 804-322-4805

Mr. R. Lubbert, Head

Installation Restoration Branch CEMP-RA
US Army Corps of Engineers

20 Massachusetts Avenue NW
Washington, DC 20314-1000

tel 202 504 4950

Dr. Jeff Marqusee

ESTCP Program Manager
Room 3D768, The Pentagon
Washington, DC 20301

tel 703 614 3090

fax 703 693 2659

LT COL R. McMahon

Maintenance Policy Division AF/LGMM
1260 Air Force Pentagon _
Washington, DC 20330 “"

tel 703 697 6319

90 AMDS/SGPB
ATTN: TSGT Miller
6900 Alden Drive

F. E. Warren AFB
Cheyenne, WY 82005

CAPT Patrice Melancon
AFCEE/ERD

8001 Inner Circle Drive, Suite 2
Brooks AFB, TX 78235
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tel 210 536 5208
fax 210 536 9026

Dr. Alanna Mitchell
Walcoff Associates

2001 N Beauregard Street
Alexandria, VA 22311

tel 703 578 8222

fax 703 578 5746

Mr. Steven Mori

American Pipelining Corporation
5780 Chesapeake Court, Suite #1
San Diego, CA 92123

tel 619-278-7991

fax 619-278-7993

COL D. Murphy, Director
Directorate of Housing AF/CEH
Office of the Chief Engineer
1260 Air Force Pentagon
Washington, DC 20330

tel 703 695 0236

fax 703 695 8943

Mr. Richard O’Donnell

US Army Environmental Center

ATTN: SFIM-AEC-ETD

Aberdeen Proving Ground, MD 21010-5401
tel 410 612 6850

fax 410 612 6836

Mr. Charles Racine

Center for Public Works

US Army Corps of Engineers
Fort Belvoir, VA 22060-5606

Mr. D. Olson, Head

Installation Restoration Branch N453
Crystal Plaza 5, Room 718

2211 Jefferson Davis Highway
Arlington, VA 22202

tel 703 602 2571
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Appendix B

Data Archiving and Demonstration Plans

All data resulting from this demonstration is contained in this report or is incorporated
by reference. The Technology Demonstration Plan may be obtained from Robert F. Brady or
James D. Adkins at the address found in Appendix A.

46




Appendix C

Contractor’s Production Reports

Eighteen pages follow.
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PHONE NO. I 6197212578 " Gep. 17 1996 @8:35AM P1

FROM : U

INSITU PIPE COATING INC,

17 Sept

To: Dr. Robert Brady

Fr. Wayne Nishimoto

Ref' Anacostia demonstration |

For your review and comments the following is the technical report as outlined in the
DD Form 1423-1 included in the Contract.

3205 PRODUCTION AVE, - QCEANSIDE, CA 92054
(619) 721 - 2577 « FAX (619) 721 -2578
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FROM :

u

PHONE ND. : 6197212578 Sep. 17 1896 88:39AM Pg

OBJECTIVE:;
Prove that the Naval Rescarch Laboratory lining materiel can
be applied by the *Air-Sand" method to drinking water piping
at Navy shore facilities.
LOCATION:
Neavs! Statlon Anacostia
DATES:
Fuly 1996
PERSONNEL INVOLVED:
Dr. Robert Brady, NRL
Dr. Jim Adkins, NRL
Wayne Nishimoto, IPC
REFERENCES:

(a)  Naval Research Laboratory Contract No. N00014-96-C-
2007, PO0OD1, A00001

(b)  Plumber's Pricitig Manual published by Trade Service
Corporation, 10996 Tomeyana Road, San Diego, CA
92121, 800-854-1527
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FROM @ U FHONE NO. : 6197212578 Sep. 17 19396 68:48AM PI

EQUIPMENT:
Type. Size
Compressor, Rotary Screw, Diesel 900 CFM

After cooler/dryer 1,350 CFM

Pre-cooler/Re-heater 1,600 CFM

GENERAL SCHEDULE: ,
In preparation for lining the piping system was divided into “run
segments®. All faucets and fixtures were then disconnected.

A temporary trensition was connected to the piping to
accomtmodate the connection of air hoscs. Air was then
introduced into every inlet of the run segment to dry the interior

surface of the the piping. After drying a measured amount of
Gamet was introduced into cach inlet ta clean and establish

an anchor tooth pattern on the interior pipe surface.

All air hose and fittings were checked for integrity. Particular
attention was given to the hose end fittings that were checked

for any cracks and fitting slipping.

Al air hoseg connects larger than one inch was safety tied with a
“whip-check”. Cam arms were also safety wired in the lock
position. '

Al air hoses were "traced" and identified on both ends to insure
the correct hose is always tumed on. . J

With all hoses connected to the piping system air pressure was

increased in step increments with the hoses and piping system
checked before each increasing step.
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PROCESS:

See technical proposal and demonstration plan for process
discription.

Problem: No mechanical drawings available to verify pipe routing

Resolution:  All the piping was phyzically traced and proofed by
sending low pressure air through the piping and verifying the
routing by the air exhaust point(s).

Problen: Numerous deviations from normally accepted
plumbing practices. These deviations included but not limited
to the following:
2. Galvanized stee! pipe connected directly to copper
pipe.
b. Long lengths of deadend pipe connected to the
piping system.
¢. Smaller pipe diameter pipe between larger
diameter pipe in a single pipe run.

Resolution:  All setious deviations were comrected prior to cleaning
and lining so no hot work to correct the deviations would have
to be performed by the building owner after lining was in place.

RECCOMMENDATION:

To prevent any cross contamination of the potable water gystem
& Back Flow Preventer should be installed where the water main

enters the building,

Installed faucets, fixtures and drinking fountains not tested for lead
leaching level should be replaced with mechanical plambing devices
that have been tested and shown to leach minimal amounts of lead

into water.
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FROM - U

Building Number _171_{edgends Restaursnt

PHONE NO.

16197212578 Sep. 17 13896 8B:36AM P3

Date: 12 July 1996

Pipe Segment Lined 171-1 Hot & Cold .
Diameter __ 1/2" - 20 Base Material __Capper i
Location _ East side of bullding Length 670°
ABRASIVE CLEANING .
Abrasive Type Garnet Size_16/80 Mosh ManufacturerEmeral Creck
Lot/Batch Num__py/a Quantity_ 15 Pounds TarTonHines
Inlet Qutlet
Ajr Temperature 120 120
Pipe Profile No pits No pits
Anchor Tooth 1.9 1.5
Preumatic Pressure Test Results (70 psi/S min) (Pass/Fail); ___ Pass
EPOXY COATING Ist Coat 2nd Coat 3rd Coat
Epoxy Resin (Part A) : |
Manufacturer Amorican Pipe Linlng, Inc
NSF Certification APL 2000 .
Lot Number 60196  Explration Date 6-97
Curing Agent (Part B}
Manufacturer Alr Products
NSF Certification APL 2000
Lot Number 1C15B12446 pxpiratlon Date 6-97
Compressed Air -
Inlet Temperature 120 120 120
Qutlet Temperature 120 120 120
0il content less Than .09 PPM
. Water content
Run Time
Begin 17:30 09:30 14300
End 18:15 10:15 15:15
Dry Film Thickness
Inlet 5 Mlls 6 Mlis 6 Mits
Outlet 6 Mlls 6 Mils 7 Mils
INSPECTION
Visual Inspection 100% Coverage from all coats
Knife Peel Test
Bond Test
Thickness . 5 6 6

PIPE SEGMENT ACCEPTED (Yes/No) YES.

REMARKS Cleaning and_lining of the plping %strem was slarted from lhe

main feed shut-off valve located in the celling between 1he east
Ladles/Mens balhrooms. This Trun® segmont ended I[n Thc cellilng

above 1he Grill In the kidtchen.A one way check valve was Installed Immedbtcly
down siream from the shut-off valve.
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majin feed shut-ofs -ad i o e
valve located in the ceiling bet : ,

-4 - ~ N w

L‘Mﬁﬂﬂrms- This "run™ Segment ended g oo lhe oasT

above 1he Gritl n he ki+4
| he Ifchen.A ono
down siream from J,ee _-;hu-l—-é-r-f vaive

‘he celllng

e et m
way check valve was ingtalled Immed btoly

PERSONNEL INVOLVED:
Dr. Robert Brady, NRL
Dr. Jim Adkins, NRL
Wayne Nighimoto, IPC

REFERENCES:
{8)  Naval Research Laboratory Contract No. N00014-96-C-
2007, PO0O1, A00001

()  Plumber's Pricing Manusal published by Trade Service
Corporation, 10996 Torreyana Road, San Diego, CA
92121. 800-854-1527
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FROM @ U PHONE NO. @ 6197212578 Sep. 17 1996 88:370M P4
‘ LUBULTE INUIIUCL 1/ Leqysnds Residd ditl patas {o duly 172V
Pipe Segment Lined _171-2 1401 & Cold ]
Diameter 1/2% ~- 2u Rase Materigl Copper i
Locstion Wast side of bullding Length 4751
ABRASIVE CLEANING .
Abrasive Type _Garnet Size 16/80 Mash Manufacturer Emeral Creek
Lot/Batch NumN/A Quantity12 Pounds Barton MInes
: Inlet Outlet
Air Temperature 120 120
Pipe Profile NQ Plis. No Plts
Anchor Tooth 1.5 1.5
Preumatic Pressure Test Resulls (70 psi/S min) (Pass/Fail);  PASS
EPOXY COATING 1st Coat 2nd Coat 31d Coat
Epoxy Resin (Part A)
Manufacturer Arerican Pipe Lining, inc
NSF Certification APL 2000 ;
Lot Number 60196 Explration Date 6-97
Curing Agent (Paxt B)
Manufacturer = _Alr Prodycts
NSF Certification APL 2000 ]
Lot Number LG15B17446 Explratlion Date 6-97
Compressed Air . '
Inlet Temperature 120 12¢ 120
Outlet Temperature 170 120 120
il content Less Than .09 PPM
. Water content
Run Time
Be.gin 10:30 16:30 08:;00
End 11345 1700 08345
Dry Film Thickness
Inlet 5 Mils 6 Mils 6 Mils
Outiet 6 Mils 6 Mils 6 Mlls
INSPECTION
Visua! Inspection 100% Coverage from all coats
Knife Peel Test _ '
Bond Test
Thickness 6 6 (3

PIPE SEGMENT ACCEPTED (Yes/No) Yes
REM SThlS run segmenl started from the west bathrooms and tha west water heater.

The "run®™ segment cndced above The Grill Tn The KITchen.
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FROM : U

Building Number _171 Ledgends Resisurant

PHONE NO. @ 6197212578
Figure 1. BPUXY LINING PRODUCTION KEFUKL

Date: 16 July 1996

Pipe Segment Lined 171-3 Hot & Cold

Dijameter 1/2" - 3/4u

Base Material __Copper

Location Center of Building

Length _ 90!

ABRASIVE CLEANING
Abrasive ']"ypc Garnet

Lot/Batch Num_N/A

Size
Qua_nﬁty 4 Pounds

16/80 Mesh Manufacturer Emeral Creek

Barton Mines

' Outlet
Air Temperature 120
Pipe Profile No Pits No Plts
Anchor Tooth 1.5

Pricumatic Pressurc Test Resulls (70 psi/S min) (Pass/Fail): _ PASS

EPOXY COATING
Epoxy Resin (Part A)
: Manufacturer
NSF Cextification
Lot Number
Curing Agent (Part B)
Manufacturer
NSF Certification
Lot Number
Compressed Air
Inlet Temperature
Outlet Temperature
Oil content
Water content
Run Time
Begin
End
Dry Film Thickness
Inlet
Quliet

INSPECTION
Visual Inspection
Knife Peel Test
Bond Test
Thickness

Ist Coat “2nd Coat 3rd Coat

fmerican Plpe Lining, [nc.

APL 2000

60196 Fxpiration Date 6-97

Alr I"rodu(:'! G

APL 2000

(015812446 Explrafion Dote 6-97

120 120 120

120 120 120

Less Than .09 PPM

13:00 18:00 081350

13:3D 18:50 09:00

6 Mils 6 Miis 6 Mils

6 Milg 6 Mlis 6 Mils

100% Coverags from all coois

Sep. 17 1996 ©8:41AM P16

PIPE SEGMENT ACCEPTED (Yes/No) Y(S

REMARKS Thls run scgment Included alt the plping In the automatic dish washer/garbage
disposal section of fhe restaurant. The "run” scgmeni endad at ihe point where 1he

plpling comes up from under the fioor slab.
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FROM * U

Building Number _2_and 87 Detention Faclilty

PHONE NO.
oigure 1o BUUA T LINUNG FRUDUCTIUN KiEPFUKL

I 6197213578

2/87 = 1

Sep. 17 1956 @R2:37aM PS

Date:18 July 1996

Pipe Segment Lined )
Location __ Bullding 2 Length 550°
ABRASIVE CLEANING

Abmsivc TyPg Garnet
Lot/Batch Num_N/A

Tnlet

Air Temperature 120

Size
Quantity 15 Founds

16/80 Mesh

Qutiet
120

Pipe Profile

No Pits

No Pits

Anchor Tooth 1.5

1‘5

Prcumatic Pressure Test Results (70 psi/S min) (Pass/Fail):

EPOXY COATING
Epoxy Resin (Part A)
Manufacturer
NSF Certification
Lot Number
Curing Agent (Part B)
' Manufacturer
NSF Certification
Lot Number
Compressed Air
Inlet Temperature
Outlet Temperature
Qil content
Water content
Run Time
Begin
Bnd
Dry Film Thickness
Inlet
Cutlet

INSPECTION
Visual Inspection
Knife Peel Test
Bond Test
Thickness

Manufacturer Eneral Creek
Barton Mines

PASS

1st Coat 2nd Coat

3rd Coat

American Plpe Linlng Ing

APRL 2000

" 60196 Explration Date 6-97

Air Preoducts

APL 2000

LC15B12446

Explration Date 6-97

170 120

120

120 120

120

Less Than .09 PPM

16:30 08:00

14330

17:45 0%:15

15:45

6 Mils 6 Mils

6 Mils

7 Mlis 6 Mils

6 Mlls

ar.

‘rom all coats

PIPE SEGMENT ACCEPTED (Yes/No) _YES
Bultding 2 and buifding 87 are joinad lnmediatily cast of the Mechanical room,

REMAREKS located In Blg.~-87 by a short hallway. A tempurary water system was consiructec
1o msccommodate the tenants white the piping system was belng closhoed and |ined. Showers,
weshar,wesh busins ond tollets were connected to the femporary water system. The fiplng

was divided into two run segments. The dividl 1 as :
o oddad Into two ru mgg'e | ng polal was in “The ¢elling above the haflb‘vdy
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FROM = U

rgure 1.

Building Number 2 and 87 Defentlon Facility

PHONE NO.
LEUA T LINING PEODUCTIUN KEuUK

* 65197213578 Sep. 17 1996 88:41AM P11

Date: 28 July 1996

Pipe Segment Lined 2/87 - 2

Diameter 1/2% ~ 21

Base Material _ Copper

Location Building 87 Leagth 615!
ABRASIVE CLEANING .
Abrasive Type,_Garnet Sjze 16780 Mosh Manufacturer Emeral Creek
Lot/Batch Num_wss __ Quanity 15 poypds Barton Mines
Intet Oudet
Air Temperature 120 {20.
Pipe Profile No Plts No Pits
Anchor Tooth 1.5 1.7
Pneumatic Pressurc Test Results (70 psi/S min) (Pass/Fail): _ASS
EPOXY COATING st Coat 2nd Coat 3rd Coat
Epoxy Resin (Part A)
Manufacturer American Pipe Lining, Inc
NSF Certification ‘APL 2000
Lot Number 60196 LCxplration Date 6-97
Curing Agent (Part B)
Manufacturer Alr Products
NSF Certification APL_2000 )
Lot Number LC158] 7446 [xplrallon Date 6-97
Compressed Air
Inlet Temperature 120 120 120
Outlet Temperature 120 - 120 120
Oil content Laas Than .09 PRM
Water content
Run Time
Begin 15:00 08:30 15:00
End 16:30 09145 16:30
Dry Film Thickness
Inlet 5 Mlls 6 Mils 6 Miis
Outlet 6 Mlis 6 Mils 6 Mils
INSPECTION
Visual Inspection 1002 Coverage from zll coals
Knife Peel Test T
Bond Test.
Thickness 6 (23 6

PIPE SEGMENT ACCEPTED (Yes/No) YES,
Bullding 2 and building 87 are Joined immedliately cast of the Mechanical room,

REMARKS {ocated in Big.87 by a shord hallway. Alemporary walcr system was consiructed
to accommodate the Tenonts whlia The pipTng systam [ES being cTeanag And tined. Showers,
waeh hasThnez and ol ials ) -wotor system. The piping

?merd‘e The dividing polpt was In the celling sbove

washer,

system was divided into two e

the hallway norih of The mech \anica roo.
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FROM = U PHONE MO. : 6197212578 Sep. 17 1996 68:38AM P&

Mpure |, pMPUA T LAONING FRUDUCLIUN KBruns

Building Number ___o3 gog : : Date: 23 July 1996
Pipe Segment Lined __ 93-1 .
Diameter 1/2% -« 2© Base Materjal Copper -
LocationFast Ind of Bldg. 1st and 2nd looi Length 310°
ABRASIVE CLEANING ' .
Abrasive Type_Garnet Size_35/60 - Manufacturef_Emaral Creck
Lot/Batch Num_p/a Quantily 20 Pounds Barton Mines
: Inlet Outlet
Air Temperature 120 120
Pipa Profile - No Pltfs No Plts
Anchor Tooth .o 1.0
Pneumatic Pressure Test Results (70 psi/S min) (Pass/Fail):  PASS
EPOXY COATING 1st Cost 2nd Coat™  3rd Coat
Epoxy Resin (Part A) .
Manufacturer Amorican Plpe Lining, Inc.
NSF Certificafion APL 2000 -
Lot Number - 60196 Expiration Date 6-97
Curing Agent (Part B)
Manufacturer Alr Products
NSF Certification APL 2000 .
Lol Number - LC15B12446 Expiration Dale 6-97
Compressed Air )
Inlet Temperature 120 120 120
Outlet Temperature 126 120 120
. Oil content Less Than .09 PPM
) Water content
Run Time
Begin 16:00 08300 14:30
End 18:30 09:45 16:45
Dry Filin Thickness
Inlet 5 Mils 5 Mlls 6 Mits
Quilet 5 Mils . .6 Mils 7 WMils
INSPECTION
Visual Inspection 100% Covgrane from all coats
Knife Peel Test
Bond Test
Thickness 5 6 6

PIPE SEGMENT ACCEPTED (Yes/No) _ YES '

‘A temporary hoi and cold water system was constructed for all the rooms,

REMARKS kifchen and clothes washer.
Treatment segment 1 wag from The mechanical room casi To The cnd a1 The puilding.
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FROM :

T~ EE R )

Building Number 93 BOQ

PHONE NO.

- mmdd AR NS A SNETEA LIV A AN LR Anpema RS

¢ 6197212578 Sep. 17 1996 68:33AM P?

Pipe Segment Lined 93-2

Diameter _1/2" — 23v

Base Material Copper

Location Mig-Section 1st and 2nd Floor -

Length -~ _ .- 729"

ABRASIVE CLEANING
Abrasive Type Garnedt

Lot/Batch Num N/A

Ajr Temperature
Pipe Profile
Anchor Tooth

Size 35/60 Mesh
Quanlity_20pounds

Ma_nufacturér Emeral Creaek
' Barton Mlnes

Qutlet
120

No Pits No Plts

}.5

Preumatic Pressure Test Results (70 psi/S min) (Pass/Fail): _ PASS

EPOXY COATING
Epoxy Resin (Part A)
Manufacturer
NSF Certification
Lot Number
Curing Agent (Part B)
Manufacturer
NSF Certification
Lot Number
Compressed Air
Inlel Temperature
Qutlet Temperature
Oil content
Water content
Run Time
Begin
End
Dry Film Thickness
Iniet
Qutlet

INSPECTION
Visual Inspection
Knife Peel Test
Bond Test
Thickness

15t Coat 2nd Coat 3rd Coat

American Pipe Lining, Inc

APL 2000

60196 [xpiration Daie 6-9/

Alr Products

APL 2000 ) _
1C19B12446  Expiration Data 6-87
120 120 120
120 120 120

laas than .09 PRV

18:00 08:0D 15:30
19:30 09:30 16145
5 Mlis 5 Mils 6 Mils
G Mils 6 Mlis 7 Mlis

100% Covaorage from all coats

PIPE SEGMENT ACCEPTED (Yes/Noy YES

Treatment sogment 2 was from the mechanical rown, including the mechanleal room,
REMARKS west half the distance fo the end of fhe buifding. The recircutation pipe

was_not cut dividlng the recirculation In throe segments.

done in two sogments.
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PHCNE NO. - 6197212578 Sep. 17 1996 @8!&'!.29?1 P12

FROM © U
' Figure 1. EPGXY' LINING PRODUCTION REPORT

Building Number 93 809 Date: 29 July 1996

Pipe Segment Lined 937 ,
Diameter _1/2" -~ 2% . Base Material _ Copper
Location Wes? &nd of Gidg. ist and Znd floor Length '

ABRASIVE CLEANING
Abragive Twc Garnet

Manufacturér Emeral Creak
Lot/Batch NumN/A

Barton Mines

Size 35760
Quantity 20 Pounds

‘ Inlet Qutlet
Air Temperature 120 120
Pipe Profilc No PlTs No Pits
Anchor Tooth 1.5 . 1.5

Pneumatic Pressure Test Results (70 psi/5 min) (Pass/Fail): _PASS

EPOXY COATING 1st Coat 2nd Coat 3rd Coat
Epoxy Resin (Part A)

Manufacturer American Plpe Lining Inc

NSF Certification APL_2000

Lot Number 60196 Explration Datoe 6-97
Curing Agent (Part B)

Manufacturer Alr Products

NSF Certification APL_2000 .

Lot Number 1prsgi2446  [xplration Date 6-97
Compressed Air , T

Inlet Temperature 120 120 120

Cutlet Temperature 120 120 120

Qil content lass Than .00 PEM

Water content '
Run Time .

Begin 15:00 09:00 15:00

End 16:45 10:30 16130
Dry Film Thickness

Inlet L Mils 6 Mlls 6 Mils

Qutlet 6 Mils 6 Mlls 6 Mils
INSPECTION

Visual Inspection 100% Coverage from all coats

Knife Peel Test

Bond Test

Thickness 6 6 6

PIPE SEGMENT ACCEPTED (Yes/No)YLS
Treatment segmant 3 was from ¥

REMARKS buitding. Tha socond sagment of the recirculation piping wac Included
in this treatment segment. .

ho end of sogment 2, west, to the end of dhe

62



i~
>
-

, o
' 3
D0l P og , )

. |

! i

o

i ; i {
. \\. ' :
ol LAl o

1 :

) R i o

\ | o

| TR,

_\..A, %\r W m h ,

| i ! |

/ A

poo P

: i H t

| ‘ ! 1
b
\ |
n

o ;

\\.&\S:SQN ! ‘
: j
i

AT
N

/1

\

Lot

I
igloened _
\M\SN widg R
. - SN R
ﬁ |
NS
J\I Lo
I
7 Lo
Pl
o
! i
|




AUl bog

@\Q 7 oi




£6 8

Leraoy  Hony

v
: B i :




Appendix D

Contracting Guidance

1. Statement of Work
A. Introduction

The Naval Research Laboratory (NRL) has developed an interior lining used to repair
copper-nickel pipe aboard aircraft carriers. This lining was developed specifically for use with
the “Air-Sand” application process, and performs properly only when applied in this manner.
Since 1988, the piping systems aboard 12 aircraft carriers have been successfully lined. This
technology has also been successfully demonstrated to obviate lead problems in shore facilities
potable water systems (Washington Navy Yard, Washington D. C., 1996).
B. Scope of Work

The drinking water system is defined as all hot and cold water piping between the
place(s) where the water main(s) enter the building to the valve fixture on every tap, shower,
sink, tub, urinal, and toilet.
The contractor shall perform the work in the following buildings where the pipes are to be lined.
BASE REQUIREMENT (CLIN 0001)

- (LIST BUILDINGS)

OPTION (if exercised) (CLIN 0002)

- (LIST BUILDINGS)
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C. Specific Contract Requirements

1. The contractor shall replace any pipe found to be defective (less than 50% of original
wall thickness prior to lining. The contractor shall also male all necessary connections
mechanical to avoid hot work and provide dielectric unions to prevent bimetallic corrosion on
the completed piping system. ’

2. The contractor shall, where specified, provide temporary water service to fixtures
using NSF/ANSI certified materials as necessary.

3. The contractor shall use an National Sanitation Foundation (NSF), Ann Arbor,
Michigan approved NRL Series 4 epoxy lining to perform this project. Certification that the
lining has been tested and found to be suitable under NSF/ANSI Standard 61, “Drinking Water
System Components - Health Effects” must be provided prior to commencing work. This
requirement is in accordance with Environmental Protection Agency regulations governing
materials which come into contact with drinking water.

4. The contractor shall use the “Air-Sand” method to perform the work which includes
cleaning and preparing the inside of the water pipe’s surface prior to lining,

5. The contractor shall not line internal surfaces of valves, hot water heaters, drinking
water fountains, drainage, and heating systems.

6. The application of the epoxy lining must be uniform and defect - free. The contractor
shall reassemble the water piping system, make it watertight, and return the piping to its original
configuration (unless otherwise specified). The contractor shall restore the work site to its
original appearance, unless otherwise specified.

7. The contractor shall flush the drinking water system to remove impurities after the
lining is installed and immediately prior to putting the system back in service. The water quality
shall be tested and found to be acceptable prior to use.

8. The contractor shall furnish all materials and equipment necessary to accomplish the
work. All applicable federal and local regulations regarding environmental protection and
worker safety must be observed. The contractor shall dispose of all waste materials, including
used abrasives, in accordance with federal and local regulations.

9. (BASE REQUIREMENT) The contractor shall deliver the Technical Report in
accordance with the Contract Data Requirements List (CDRL), DD Form 1423.

(OPTION, if exercised) The contractor shall deliver the Technical Report in
accordance with the Contract Data Requirements List (CDRL), DD Form 1423.
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2. Information Required to Evaluate Proposals

A. Each offeror shall submit a technical proposal. To assist in the evaluation of the technical
proposals received, each offeror shall provide a technical proposal that provides the information
in subsection 2B (below) presented in the same order and format as requested below or suitably
referenced to paragraphs/pages of the offeror’s proposal.

Further, the technical proposal must demonstrate an understanding of all requirements
covered in the Statement of Work (SOW) contained in the Request for Proposal (RFP) and
address the technical evaluation factors for award described in Section 4 below. The proposal
must be sufficiently detailed and complete to demonstrate an understanding of and an ability to
comply with the requirements of the RFP. General statements that the offeror can or will
comply with the requirements, that standard procedures will be used, that well-known techniques
will be used, or paraphrases of the RFP’s SOW in whole or in part will not constitute
compliance with these requirements concerning the content of the technical proposal. Failure
to conform to the requirements of the RFP may form the basis for rejection of the proposal.

B. The following items are required to be included in the offeror response to this solicitation:
1. A brief history of the offeror’s firm.

2. A full description of the offeror’s production equipment and facilities that would
support the proposed work. '

3. A listing of recent Department of befense, other national, state or local government,
or commercial contracts under which the offeror has performed and/or furnished identical or
similar services, accompanied by names and telephone numbers of customers and technical
personnel involved in each contract.

4. A statement of the offeror’s percentage of sales with the federal government and its
percentage of sales with the commercial sector during the preceding 12 months.

5. A specific statement whether or not the technical proposal concurs with the SOW, and
a full description of any and all exceptions the offeror takes with the SOW in the technical
proposal.
3. Site Visit
A. A site visit shall be scheduled with (insert name of contacting activity) on (insert date and

time). Those offerors attending will be transported to the buildings where work will be actually
performed.
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B. (if needed) The site(s) are situated within secured facilities, and offerors shall be required
to show identification, sign in, and shall be escorted during the site visit.

C. Please inform (insert name of contracting officer) before (insert time 72 hours before site
visit) that you wish to take part in the site visit.

D. Offerors are urged to schedule an inspection of the site where services are to be performed
and to satisfy themselves regarding all general and local conditions that may affect the cost of
contract performance, to the extent that the information is reasonable obtainable. In no event
shall failure to inspect the site(s) constitute grounds for a claim after the contract is awarded.

4. Evaluation Factors for Award

A. Technical Evaluation. The Statement of Work (SOW) and the Contract Data Requirements
List (CDRL) are mandatory. In order for a proposal to receive a rating of "technically
acceptable” it must demonstrate the intent to meet all specifications in the SOW on or before the
required delivery date.

B. Basis for Award. Award of the contract will be made to the lowest priced, responsible
offeror whose technical proposal is determined to be "technically acceptable" in accordance with
paragraph 4A above.

5. Contract Data Requirements List (CDRL)

A technical report must be delivered to the contracting officer’s technical representative
not later than 30 days after completion of the work. The following areas must be documented
and addressed in the Technical Report:

1. Types and size of equipment (i.e., compressor) utilized during work performed.

2. Material and procedures utilized to clean and flush piping.

3. Safety precautions used during the work performed, including those necessitated by
the use of compressed air equipment.

4, Method of disposal of waste blast grit.

5. Description of the process, how it was performed, problems encountered and methods
used to resolve them, outcome of the work.

6. Documentation from the National Sanitation Foundation stating that the coating to be
used has been tested and approved by NSF for contact with domestic hot and cold drinking
water. This documentation must include the date certification was granted, the product name
and number of the coating certified, and the name and location of the plant certified to make the
coating.
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7. Any other pertinent information regarding the performance of the work.
6. Government Furnished Property

No material, labor, or facilities will be furnished by the Government unless provided or
in this solicitation.
7. Inquiries Concerning this Request for Proposals

Any questions concerning this Request for Proposals must be submitted in writing to the
Contracting Officer (insert name and contact information) no less than fifteen days before the
closing date. The Government will not consider questions received after this date. Offerors are

cautioned against directing any questions concerning this Request for Proposals to anyone other
than the Contracting Officer.
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Appendix E

Material Safety Data Sheets for the NRL Series 4 Lining

Eleven pages follow.
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4% METERTAL SAFETY DATA SHEET %+ PagE: 1
FOR COATINGS, RESINS AND RELATED MATERIALS
MANUFACTURER 'S NAME: LASTING PAINT, INC.
STREET ADDRESS : 200 8. FRANKLINTOWN ROAD
CITY, STATE & ZIP : BALTIMORE. MD 21223
EMERGENCY PHONE # : (301) 947-6306
INFORMATION PHONE #: (301) 947-6300
DATE WRITTEN: 05/046/89 DATE ISSUED: 05/19/8%9
SECTION I - PRODUCT IDENTIFICATION
PRODUCT NUMBER : FS29-990 ssRi-HA
PRODUCT NAME : XX EFOXY PIPE CTG (A)
PRODUCT CLASS : TWO COMPONENT EPOXY .
GECTION 1T - HAZARDOUS INGREDIENTS
...... TLV. .. .. VAPOR
INGREDIENT % WCHT PPM MG/M PRESS LEL
LElL expressed in pevrcent; Vapor expressed in mmHg
SECTION ITI - PHYSICAL DATA
BOILING RANGE: 500. 00 to S00.00 deg. F. % VOLATILE VOLUME: 20%
VAPOR DENSITY: [x3 HEAVIER [ 3 LIGHTER THAN AIR
EVAPORATION RATE: L 3 FASTER [XJ SLOWER THaN ETHER
WT/QAL: 10. 79 1bs
SECTION IV - FIRE AND E)’P 0510 HAZARD DATA
FLAMMARILITY CLAGSIFICATION:
0SHA: COMBUSTIELE LIQUID —CLASS IiIB FLASH POINT: 480.00 deg. F.
DOT: NOT REGULATED
EXTINGUISHING MEDTA
' FOa con DRY CHEMICAL WATER FOU
USE ARNY CLLASS B AFFROVED FIRE EXTINQUISHER
UNUELIAL T IRE AND EXPLOSTON HAZaRD:
KEEP CONTATNERS TIGHTLY HE &
ELECTRICAL EQUIPMENT. SEARK CiGS
0 CONTATNERS MAY EXPLOD PREME
! EFPPLICATION T4 htf CGREACES REQUINES SPECIA




¥$% MATERIAL SAFETY DATA SHEET ¥ PAGE: 2

FOR COATINGS, RESINS AND RELATED MATERIALS FS29-991

——— i ——

SECTION Y - HEALTH HAZARDS

e A s e e AL e e

EFFECTS OF OVER EXPOSURE:
ORaAL.: TOXIC BY INGESTION. DERMAL: HARMFUL IF AB-

SORBED THROUGH THE SKIN. SENSITIZATION: MAY CAUSE
ALLERGIC SKIN REACTION AND SENSITIZATION. INHALA-
TIGN: HARMFUL IF INHALED. OVEREXPOSURE EFFECTS:
- HUMAN LIVER TOXIN. FEVER, CHILLS., ANOREXIA AND

VOMITING. TOXIC HEPATITIS. JAUNDICE, HEPATOTOXIC
EFFECTS. CARCINOGENIC IN LABORATORY TEST ANIMALS.
PRODUCES ANEMIA AND LIVER. THYROID AND KIDNEY TOX—
ICITY IN LABORATORY TEST ANIMALS.

MEDICAL CONDITIONS PRONE TO AGGRAVATION:
ALLERGY, ECZEMA OR SKIN CONDITIONS.

PRIMARY ROUTE OF ENTRY:

[X3 DERMAL [ 3 INHALATION [ 3 INGESTION

EMERGENCY AND FIRST AID PROCEDURES:
EYES: IMMEDIATELY FLUSH EYES WITH WATER FOR AT
LEAST 15 MINUTES AND CALL PHYSICIAN. SKIN: PROMP-
TLY WASH THOROUGHLY WITH MILD SGAP AND WATER. IN-
GESTION: IF CONSCIOUS, GIVE LARGE QUANTITIES OF
WATER. INDUCE VOMITING. CaALL PHYSICIAN. INALATION:
REMOVE TO FRESH AIR. GIVE OXYGEN IF BREATHING IS
DIFFICULT. OTHER PROCEDURES: PROMPTLY REMOVE WET
CONTAMINATED NON-IMPERVIOUS CLOTHING AND WASH BE-
FORE REUSE. DESTROY CONTAMINATED L{EATHER AND AB-
SORBENT SHOES.

——————— A it s A S e e s e . o i e e

SECTION VI - REACTIVITY DATA

STABILITY [ 1 UNSTABLE [X3 STABLE

HAZARDOUS POLYMERIZATION L 3 mMayY OCCUR [X3 WILL NOT OCCUR
HAZARDOUS DECOMPOSITION PRODUCTS:
CARBON MONOXIDE. CARBON DIOXODE. ALDEHYDES, NITRO-
) GEN OXIDES.
CONDITIONS TG AVOID: .
AVOID HEAT ARND OPEN FLAME.
INCOMPATIBILITY {(MATERIALZS TO AVOID::
STRONG OXIDIZERS AND &CID

STERS TC EBLE 7TAREN IN CASE METERIAL IS RELEAGED

AVOLED LU PERQONaL CONTACT E
cTERIAL, SHOVEL INTO 4! .
CONTAMINATED AREA WITH WATER
ASTE DIGPOSAaL mETHOD
DIGPOEE TN ACCORDAKNIE WITH FEDRERAL, STATVE &4MD LG-
{oantinuged on Daas o

=
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ki MATERIAL SAFETY DATA SHEET ### PAGE: 4

K FOR COATINGS, RESINS AND RELATED MATERIALS: - F529-991

SECTION VII - SPILL OR LEAK PROCEDURES continued

CAlL. REGULATIONS.

[ —— i et e e —— e e

RESPITORY PROTECTION:
WITH RESTRICTED VENTILATION, USE ORGANIC CHEMICAL

CARTRIDGE RESPIRATOR.

VENTILATION: _
GCO0D GENERAL MECHANICAL VENTILATION anND LOCAL EX-—
HaUST.
PROTECTIVE CGLOVES:
WEAR IMPERVIOUS GLOVES.
EYE PROTECTION:
WEAR SPLASH PROOF CHEMICAL GOGGLES.
OTHER PROTECTIVE EQUIPMENT:
WEAR APPROPRIATE EQUIPMENT TO PREVENT CONTACT WITH
EYES AND SKIN AND INHALATION OF VAPORS OR MIST.
HYGIENIC PRACTICES:
WASH THOROUGHLY AFTER HANDLING.

PRECAUTIONS FOR HANDLING AND STORAGE:
WARNING ! HARMFUL IF SWALLOWED, INHALED OR ABSORBED

THROUGH SKIN. MAY CAUSE IRRITATION AND SENSITIZA-
TION. CONTAINS 1Q1-77-9; 4,4 -METYLENE DIANILINE.
A LIVER TOXIN. DO NOT GET IN EYES, ON SKIN OR
CLOTHING OR BREATHE VAPOR (OR S5PRAY MIGT.

JTHER FRECAUTIONS:
ATTENTION! THIS MATERIAL CONTAINS A TOXIC CHEMICAL
THAT APPEARS ON THE SARA TIILE III LIST. CONTAINS
3&% 101-77~9; 4,4 -METHYLENE DIANILINE WHICH MUST
BE ANNUALLY REPORTED UNDER SEC. 312 (40 CFR 3723

HFf 5

PETAL Tid 4
EETY
REATT o

Ceup o
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Air Products and Chemicals, inc. A!R [A

7201 Hanmltor Boulevard PRODUCTS 2’.:.:
Alisntown, PA 1816051501
Telephone (215) 451-4911

MATERIAL SAFETY DATA SHEET

FRODUCT NAME AMCAMIDEX 350A CURING AGENT
¥ANCAMIDE 1s a registered trademark of Air
Products and Chemicals, Inc

PRODUCT CODE H350AU
MSDS REVISION NUMBER 5166 "-04

MANUFACTURER Pacific Anchor Chemical
Air Products and Chemicals, Inc
7201 Hamilton Boulevard, Allentown, PA
18195-1501

TELEPHONE NUMBER 800-345-31438 .

EMERGENCY TELEPHONE HNUMBER(S)
800-523-9376 {(Continental U.S5.)
215-681-7711 (QOutside Continental U.S.)}
800-322-9092 (Pennsylvania only)

DATE PREPARED MAY 1993

REVISION NOTES Updated Composition Information
C.A.S. CHEMICAL NAME Mixture

SYHONYMS None

CHEMICAL FAMILY Polvamide

EMPIRICAL FORMULA Mixture

INTENDED USE Epoxy Curing Agent

% CAS HNumber and Chemical HName
<5 112-26-3 TRIETHYLENETETRAMINE
>95 68G32-29~1 DIMER/TOFA, REACTION PRODUCTS WITH TETA

OSHA (ACGIH) EXPOSURE LIMITS

CAS® THA STEL CEILING
pPpm mg/m3 PPm mg/m3 Pppm mg/m3
112-26-3 N/E N/E N/E NsE N/7E NAE

(N-E) (N/ED (N/ED 197459/ (N/E) (N/E}

63082-29-1 N/E - N/E N/E N-E N/E N/E
(N/E) (N/E) (N7E) (N/E) (N/E) (N/ED



Arr Products and Chemicals, Inc.

AR /1.

7201 Hamilton Bowlevard PPGDU TS Z——

Allenitowmn, PA 18185-1501
Telephone (215) 461-4911

H/E = Hot Established. All values in ( ) are U.5. ACGIH (American
Conf. of Gov. Indust. Hygienists) - TiV; All others are OSHA - PEL.

E23 33333333 333333333 3333323333383 3338233833333
EMERGENCY OVERVIEW

HMIS HEALTH RATIHNG 2 FLAMMABILITY 1 : REACTIVITY ©
Mobile liquid, Amber, Ammoniacal.

Moderate eve irritant. Moderate skin irritant. May cause skin
sensitization. '

Ignition will give rise to a Class B fire. In case of fire use:

Hater Spray, Carbon Dioxide (C02), Dry Chemical, Alcohel Foam.

3636363 26 X3 06 3 D66 36 36 36 3 36 365 96 9636 3 36 3E 66 26 I 63 IE N I 306X KM MK K MM HH MK XM NN HHMMM NN KA XX XK HNK

ROUTES OF EXPOSURE
Ingesticon
Skin Abscrption
Inhalation

EXPOSURE STANDARDS
Ho standards established for the product.

HEALTH HAZARDS
Moderate eve irritant. Moderate skin irritant. May cause skin
sensitization.

TARGET ORGAMNS
Eve; Skan.

SIGNS AND SYMPTOMS OF EXPOSURE (Acute effects)
Contact with eves causes irritation, redness and discomfort which
is transient.
Contact wiilh skin causes irritation, redness and discomfort which
is transient.
Inhalation of vapors may cause irritation in the resplratory
tract.
Ingestion may cause nausea unless treated promptly.

SIGNS AND SYMPTOMS OF EXPOSURE (Possible Longer Term Effects)
Repeated and/or prolonged exposure to low concentrations of vapor
may cause: sore throat, eve irritation, nausea, headache.
Repeated and/or prolonged exposures may result in: adverse skin
effects (such as defatting, rash, irritation or corrosion};
adverse eye effects (such as conjunctivitis or corneal damage).
Repeated and’or prelonged contact with the skin may cause
allergic reaction/sensitization.

MEDICAL CONDITIONS GEMERALLY AGGRAVATED BY EXPOSURE
Asthma, Chronic respiratory disease (e.g. Bronchitis, Emphysema)
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- Air Products and Chemicals, Inc.

7201 Hamdlon Boutevard Pf‘(“( gi N ;{: i S
Allentowin, PA 18165-1501
Telephong (215) 481-4911

IRRITATION EFFECTS DATA
No irritation data are known for this product.

ACUTE TOXICITY EFFECTS DATA
Oral LD50 (rat): >2000 markg {estimate)
Dermal LD50 (rabbit): >2000 mgrkg (estimate)

OTHER ACUTE EFFECTS
Ho Data

CHRONIC/SUBCHRONIC DATA
Ho delaved, subchronic or chronic test data are knowun.

EYE CONTACT
Hold evelids apart and immediately flush eves with plenty of
water for at least 15 minutes.
Call a physician.

SKIN CONTACT
Remove product and immediately flush affected area with vater for
at least 15 minutes. Remove contaminated clothing and shoes.
Wash before reuse. Call a physician.
Call a physician.

INHALATION
In case of inhalation or suspected inhalation, move the patient
at once to fresh air and call a physician. Keep patient
absolutely quiet and start oxvgen inhalation through suitable
equipment.

INGESTION
If swallowed, call a physician immediately. Remove stomach
contents by gastric suction or induce vomiting only as directed
by medical personnel. Never give anything by mouth teo an
unconscious person.

- e e e e . o e e i kA S e b e T o S ok S e . e A g e e . . e e B St o ek S P e T, ko Sk . e e b g e S e e

CHARACTERISTICS:

FLASH POINT 171C (340F)
FLASH POINT METHOD(S) Closed cup
UPPER EXPLGSION LIMIT (UEL) No Data
LOWER EXPLOSION LIMIT C(LEL) No Data
AUTOIGNTIYTION TEMPERATURE No Data

FIRE HAZARD CLASSIFICATION (OSHA/NFPA)
Combustible Liquid, Class II1B

e
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Air Products and Chemicals, Inc.

£
7201 Hamilton Boulevard PRODUé{g z;:

Allentown, PA 18195-1501
Telephione {215) 481-4911

EXTINGUISHING MEDIA
Ignition will give rise to a Class B fire.
In case of Tire use: llater Spray, Carbon Dioxide (L02), Dry
Chemical, Alcohol Foam.

SPECIAL FIRE FIGHTING PROCEDURES
In case of fire andsor explosion do not breathe fumes (5461).
Use water spray to reduce vapors. If water pellution occurs,
notify appreopriate authorities.
flear HIOSH approved self-contained breathing apparatus with
independent air supply.
Keep containers cool with water spray. Avoid skin contact.

UNUSUAL FIRE AND EXPLOSION HAZARDS
May generate toxic or irritating combustion products. .
Sudden reaction and fire may result if product is mixed with an
oxidizing agent.

CHEMICAL STABILITY
Stable

CONDITEIONS TO AVDID (if unstable)
Not applicable

INCOMPATABILITY (Materials to Avoid)
Oxidizing Agents (i.e. perchlorates, nitrates etc.)
Cleaning solutions, such as chromerge (sulfuric acids/dichromate)

and agqua regia.
A reaction accompanied by large heat release occurs when the

product is mixed with acids.

HAZARDOUS DECOMPOSITION PRODUCTS (from burning, heating, or reaction
with other materials)
Carbon Monoxide in a fire. Carbon Dioxide in a fire. Nitrogen
Oxides in a fire. Nitrogen oxide can react with water vapors to
form corrosive nitric acid (TLV=2 ppm).
Combustion of product under oxvgen—-starved conditions can be
expected to produce numerous toxic products including: nitriles,

amides.
Irritating and toxic fumes at elevated temperatures.

HAZARDOUS POLYMERIZATION
H1ill not occur

CONDITIONS TO AYOID (if polymerization may occur)
Not applicable

SECTION 7 - SPILL, LEAK AND WASTE DISFOSAL INFORMATION
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Air Products and Chemicals, Inc. | i
7201 Harmiton Boulevard pRODUS S % —

Allentown, PA 18195-1501
Telephone (215) 481-4911

CONTAINMENT TECHNIQUES (Removal of ignitieon sources. diking etc)
Ventilate the space involved. Shut off or remove all ignition
sources. Construct a dike to prevent spreading.

CLEAN-UP PROCEDURES
If recovery is not feasible, admix with dry soil, sand or
non-reactive absoerbent and place 1n a container or dumpster
pending dispaosal.
Place in metal containers for recovery or disposal.
Remove from the spill location. Flush ares with water spray.
Clean—up personnel must be equipped with self contained breathing
apparatus and butyl rubber protective clothing.

OTHER EMERGENCY ADVICE
Avoid skin contact. MHear protective clothing.
Avoid contamination of ground and surface waters.
Potential for carbon monoxide and/or nitrous oxides generation in

a fire must be recognized.

HASTE DISPOSAL
Dilute with organic solvent and incinerate using effluent gas

scrubber.
Comply with all Federal, State and Local Regulations. Dispose of

in a permitted waste management facility if incineration or
landfill is not practicable.

ENVIROHNMENTAL EFFECTS
Ho Data

SECTION 8 - PERSOMAL PROTECTION/EXPOSURE CONTROLS

EYE PROTECTION
Splash-proof eve goggles.
In emargency situations, use eve goagles with a full face shield.

HAND PROTECTION
Hear suitable gloves (537). Nitrile rubber gloves.
In emergency situations, wear impermeable gloves with cuffs to
prevent spread of material to area above the wrists.

RESPIRATORY PROTECTION )
Mot required under normal conditions. For emergency situations
use self-contained breathing apparatus with pressure demand mode.

PROTECTIVE CLOTHING
Hear suitable protective clothing (536). Long sleeved clothing.

ENGINEERING CONTROLS
In case of insufficient ventilation, wear suitable respiratory

equipment (S38).
Maintain air concentrations in work spaces in accord with
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Air Products and Chemicats, Inc.

7201 Hamdton Goulevarg PRGDU%%;; ﬁ{{:«

Allentoven, PA 18195-1501
Teiephone {2151 4814911

standards outlined in Sections 2 and 3.

WMORK AND HYGIENIC PRACTICES
Hash at the end of each workshift and before eating, smoking or
using the toilet.
Change work clothing daily before leaving the work place.
Promptly remove clothing that becomes contaminated.
Examine protective gloves before using. Discard if find evidence
of holes or cracks.

STGRAGE
Keep away from oxidizers, heat or flames. Keep in coeol, dry,
ventilated storage and in closed containers.

HANDLING
fvoid contact with skin or eyes. Avoid breathing of vapors.
Handle in well ventilated work space.

OTHER PRECAUTIONS
Emergency showers and eve wash stations should be readily
accessible.
Adhere to work practice rules established by government
regulations {(e.g. 0SHA).

PHYSICAL FORM Mobile liquid

COLOR Amber

DDOR Ammoniacal Irritating

pPH Alkaline

VAPDR PRESSURE (mm Hg) <l 2@ 25C (77F)
VAPOR DENSITY (Air = 1) No Data

BOILING POINTY No Data
FREEZINGA/MELTING POINT Ho Data
SOLUBILITY IN WATER ) Slight

SPECIFIC GRAVITY (Hater = 1) 0.97 a 25C (77F)
EVAPORATION RATE (Butylacetate = 1) Ne Data
VISCOSITY (CPS) 11000 @ 25C (77F)
MOLECULAR MEIGHT Mixture

DOT SHIPPING NAME ' RESIN COMPOUND - NOT DOT REGULATED

-DOT BULK SHIPPING NAME RESIN COMPOUND - NOT DOT REGULATED
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Air Products and Chemicals, inc. .QIR !‘

7201 Hamion Boutevard g = H S ﬁ iy
Allentown. PA 18195-1501 PRODUV
Telephone (215) 481-4911

IMO SHIPPING DATA Not regulated

ICAO/IATA SHIPPING DATA Not regulated

o e e e e

SECTION 12 - U.S. FEDERAL REGULATIOHNS

TOXIC SUBSTANCES CONTROL ACT (TSCA)-
All components are included in the EPA Toxic Substances Control

Act (TSCA)Y Chemical Substance Inventory.

0SHA Hazard Communication Standard (29CFR1910.1200) harzard class(es)
Irritant

EPA SARA Title ITII Section 312 (GOCFR370) hazard class
Immediate Health Hazard

EFA SARA Title III Section 313 (40CFR3I72) toxic chemicals above "de

minimis® level "are
Hone

PROPOSITION 65 SUBSTANCE(S) listed by the state of California under
the "Safe Drinking Hater and Toxic Enforcement Act of 1986"
None

NEW JERSEY TRADE SECRET REGISTRY NUMBER(S)
None

e e e e e e e e e e e e e e e e e e L = e A e e . o S e e A i e LR ot i i R e S e e S e e e

CANADA
DSL

“ Included on Inventory
WHMIS HAZARD CLASSIFICATIQON

Class D Division 2B
WHMIS TRADE SECRET REGISTRY HUMBER(S)

None
WHMIS HAZARDOUS INGREDIENTS

Included in Section 2
WHMIS SYMBOLS

Stylized T

EURCPEAN ECONOMIC COMMUNITY (EEC)
EINICS MASTER INVENTORY
Polymeric substance; monomers included on inventory

&1
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Air Products and Chemicals, Inc. A!R z[A
7201 Hamilton Boulevard CT. —
Mlentonn. PA 18195-15001 ‘Jf?()i)tlh;rf;
ielephone (215) 461-4911 ’

EEC SYMBOL
Irritant
EEC COUNCIL DIRECTIVES RELATING TO THE CLASSIFICATION,

FACKAGING AND LABELIHNG OF DANGEROUS SUBSTAHCES AND
PREPARATIONS RISK (R) AND SAFETY (S) FPHRASES
Irritating to eyes and skin (R36738). May cause
sensitization by skin contact (R43).
Avoid cntact with skin and eyes (524/25). In case of
contact with eves, rinse immediately with plenty of water
and seel medical advice (526)., Hear suitable protective
clothing, gloves and eyes/face protection (536-37-39).

s
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Appendix F

Analysis of the Failure of the Lining in Building A93

Nature of the Failure

On Monday morning, January 27, 1997 a resident of Building A93, Anacostia Naval
Station reported no hot water pressure. The BOQ manager, Mr. Clemons, reported the
complaint that morning and again on Tuesday, January 28 to the Public Works Office. Before
that time, Mr. Clemons stated there had been no suggestion of trouble, but in a later
conversation he did say that the washing machine on the first floor east side had been slow in
filling for about a week.

By Thursday morning, January 30, many bathroom taps were partially or completely
blocked. This was most noticeable at the far ends of the building; taps in 214 and 215 were
blocked but water was flowing in rooms 210-213. Cold water in the janitor’s closet adjacent
to room 108 flowed red for about ten seconds when first turned on. The washing machine
adjacent to room 107 continued to fill slowly. The south end of the building was more severely
impacted than the north end, and hot water lines were more impacted than cold.

Background

A lining was installed on interior surfaces of the drinking water piping system in Building
A93, Anacostia Naval Station, between July 23 and August 2, 1996. The work was a
demonstration-validation program intended to show that, for pipes which may leach lead or other
heavy metals into drinking water, an impervious lining is more cost-effective than replacement
of the piping. The work was funded by the DoD Environmental Security Technology
Demonstration Program and performed by Insitu Pipe Coating, Inc., 3205 Production Avenue,
Oceanside, CA 92054, The coating was developed by Code 6123, Naval Research Laboratory,
Washington, DC 20375.
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Layout of Building A93

Building A93 is a Bachelor Officers Quarters which contains 23 sleeping rooms. A floor
plan is shown in Figures 1a (first floor) and 1b (second floor) and a plumbing diagram is shown
in Figure 2. The building contains 15 private and 4 semi-private bathrooms. The building also
has a mechanical room, janitor’s closet, wet bar, laundry, and men’s and ladies’ restrooms on
the first floor, and a janitor’s closet, laundry and kitchen on the second floor. Neither Figure
1 nor Figure 2 is to scale.

Water enters the building in the mechanical room on the first floor. The hot water heater
is also located in this room. The cold water runs to a main in the first floor ceiling; this is a
single pipe which runs to the north and south ends of the building, and laterals to each sleeping
room run off the main. The hot water also runs to a main in the first floor ceiling; this main
has a parallel recirculating line which forms a loop, allowing the water to be returned to the
mechanical room for reheating. Laterals to each sleeping room run off the hot water main but
not off the recirculating line; the latter is a single unbranched pipe running the length of the
building.

Process of Installing the Lining

Installation of the lining was accomplished by isolating sections of pipe, drying the pipe
with compressed air, grit blasting the interior to remove corrosion products and provide a clean
rough sutface, injecting a 100% nonvolatile paint into the pipe with compressed air to coat the
surface, and finally passing a stream of warm dry air through the pipe while the coating cured.
The water in the coated pipe system was tested and approved prior to the system being returned
to service.

Pipes were lined without removal or extensive disassembly. Trailer-size air compressors
were placed outside the building and air hoses led inside where they were connected to the
piping system at each sink, shower and toilet outlet. A hose connected to the pipe at the water
main inlet led outside to a dust collector. Hot dry air was blown through the pipe, and abrasive
grit was added to remove rust or other contaminants and give the inside of the pipe a rough
surface. Paint was then blown through the pipe and allowed to harden. The stream of hot air
was maintained in order to cure the paint thoroughly. After the paint had cured water was
flushed through the pipe and then allowed to stand undisturbed overnight; this process was
repeated. The water was then tested to ensure that no undesired substances were present, and
the piping system was returned to service.

Epoxy Lining
The lining used in the piping was a two-component epoxy--polyamide lining designated
APL 2000 and manufactured by American Pipelining Corporation, 5780 Chesapeake Court,

Suite #1, San Diego, CA 92123, Component 1 was the epoxy base, lot number 60196, and
Component 2 was the hardener, lot number LC15B12446; the date of manufacture for both was
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June 1996. The lining was tested and approved by NSF International of Ann Arbor, Michigan
using procedures stipulated in ANSI/NSF Standard 61, "Drinking Water System Components -
Health Effects.? NSF International is the sole firm authorized by the Environmental Protection
Administration to test and approve materials for contact with drinking water. The lining was
developed at the Naval Research Laboratory, Code 6123, and has been licensed to American
Pipelining Corporation for installation in domestic hot and cold potable water systems.

Abrasive Grit

The abrasive used to clean the pipes was garnet, obtained from Emerald Creek Garnet,
Fernwood ID 83830 and Barton Mines, Lake George, NY 12185. Both 35 mesh and 60 mesh
sizes were used.

Failure Analysis

Pipes removed from Building A93 were examined and photographed. Replacement began
at the north end and proceeded to the south end, and this report is organized in the same way.
This Report begins with the lateral lines leading from the mains to the individual rooms, then
describes the cold water main, hot water main, and hot water recirculating line, and ends with
a discussion of the valves.

In the photographs used to document the condition of the piping, the lighting and camera
angle were chosen to best capture the appearance of the lining and the pipe. Pipes usually
needed to be rotated from their position in the building to accomplish this. Do not assume that
the top of the pipe in a photograph is the same as the top of the pipe when it was installed in
the building. In Figure 2, numbered boxes correspond to Figures 3 - 26 and show where piping
was removed for photographs.
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Pipes in the branches to the individual bathrooms

Workmanship in these lines was usually satisfactory. Linings showed good adhesion but
were often rough, suggesting contamination with dust from the blast cleaning operation.

Some of the feed lines to bathroom taps were blocked with debris. Figure 3 shows the

hot water line just behind the tap in room 214; this debris was packed hard and more than 3/4"
deep.

Figure
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Paint in the cold water riser to room 214 was rippled, indicating that it sagged before
drying; thickness is reasonable but the paint has entrained grit which makes it rough (Figure 4).
Where this line became horizontal and entered the main, the coating was thicker on the bottom
of the main (Figure 5).
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The cold water line to room 211 showed proper thickness and good adhesion, but
contained much entrained grit (Figure 6). Some of the pipes, such as the cold water feed in
room 210, contained excessively thick coating or no coating at all. In the cold water line to
room 206, just behind the tap the coating is excessively thick and porous (Figure 7),




but 24 inches toward the main there is no coating at all (Figure 8). The cold water line (Figure
9) to the ladies room near the first-floor lobby and to room 207 was at the upper limit of
thickness on the bottom and very rippled.
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The hot water line leading to laundry on the first floor between room 107 and the
booking office showed good adhesion, but the paint is excessively thick and severely rippled
(Figure 10). The lining in the hot water pipe to room 106 (Figure 11) was at the maximum
permissible thickness and showed ripples, good adhesion, and some evidence of grit in the paint.

il

97



The lining in the cold water feed to room 105 (Figure 12) was excellent, showing proper
thickness, good adhesion, and no contamination. Lining in the hot water line into room 101 was
hard and smooth, adhered well, but was slightly thick on the bottom of the pipe nearest the tap

(Figure 13).
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Cold water main

Workmanship in the cold water main is good at the north end but very poor at the south
end. At the north end, the lining is generally smooth and glossy, with light rippling. Adhesion
of the paint seems satisfactory. The paint is thicker on the bottom of the main at the north end
of the building (Figure 14), but not so thick as to obstruct flow.

Figure 15 shows a valve and adjoining piping from the cold water main at the north end.
The valve is operable but must pierce and crack paint in order to close. The coating is generally
smooth, with light rippling but no blisters. Adhesion of paint seems satisfactory. Paint has a
matte finish instead of the normal gloss.

=

Figure
15

101



At the south end of the building, the paint is excessively thick and rippled (Figure 16).
A valve in this line is painted open and cannot be operated (Figure 17).
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At the far south end of the building, the lining is excessively thick at one point, but stops
abruptly leaving uncoated pipe. In a section of 1" cold water main from far south end of
building, the paint is excessively thick at one end (Figure 18) but there is no paint at all at the
other end (Figure 19). The roughness of the pipe surface at the uncoated end is very light on
the bottom and sides, but there is no roughness at all on the top 60° of the pipe.

Figure
19
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Hot water main

Figure 20 shows a section including a valve from the hot water main at the north end of
the building. The thickness of paint in the pipe is acceptable, but the valve is painted open. A
single blister about 8" long has formed at the top of the pipe. The interior metal surface of pipe
is very smooth; there is no surface roughness at all.

Figure 21 shows the end of a 7-1/2-foot section of 1" hot water pipe from north end of
building; the pipe is completely blocked. Paint had lost adhesion at top of pipe and been
wrinkled and curled by water flow until it blocked the pipe.

==

—— TR Figure

20

Figure
21
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Figure 22 shows a section of pipe from the south end of the building. Adhesion to the
bottom of the pipe is satisfactory, but paint on the sides and top of the pipe has lost adhesion
to the metal and moved into the center of the pipe, where it may be broken loose by flowing
water.

Figure 23 shows delamination of paint, leaving bare metal and flakes partially obstructing
flow in hot water 2" pipe from ceiling in main hallway at south end of the building. The
on the metal indicate that hot work has been done close to this site.

Figure
22

Figure
23
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Hot water recirculating line

Figure 24 shows the 1 1/4" hot water recirculating line from the ceiling of the first floor
center hallway. The paint is massively lumpy. Lumps are porous paint, they are not blisters,
the pipe is not blocked. When the adhesion of the lining is tested with a knife, all adhesion is
lost at the top of the pipe, but the bottom paint adheres well.

A 13-foot section of 3/4" hot water recirculating line from the far south end of the
building was nearly obstructed by excessively thick paint. A pipe cutter was used to cut this
pipe into 13 1-foot segments, and these are shown in Figure 25. The lining is not solid paint
but is porous.

|
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Valves

All valves were painted, and most were inoperable (see Figures 15, 17 and 20 above).
The contract explicitly required valves to be removed from the lines before painting.

Figure 26 shows a valve from 3/4" hot water recirculating line which was not removed
during painting. Paint covers the seat of the valve and prevents the valve from closing.

Figure
26

Other Relevant Information

Manufacture and mixing of the lining. Infrared spectra of paint flakes were used to
determine if the paint was manufactured properly and mixed properly. Figure 27 shows spectra
of lining from four places in the building. The position and intensity of the peaks shows that
the paint was properly manufactured and mixed.

Use of lining by licensee. The lining used in this work is licensed to the American
Pipelining Company, San Diego, CA, for installation in domestic hot and cold potable water
systems. This firm was notified immediately and asked about any difficulty they might have
encountered with the paint. After checking with their customers they stated they have no
problems with the lining. In particular, a dormitory at the Portland Community College, OR
was lined last summer and is operating without difficulty.
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Chemical composition of lining. Tests were made to determine the amount of minerals
in paint samples collected from different parts of the piping system. Paint samples were heated
in air at 600 °C until they reached constant weight. The organic portion of the paint burned off,
leaving the mineral content behind. Results of testing are shown in the following Table.

Ash content of paint samples

ﬂ Description Ash content,
percent
Paint as manufactured 4.36 |
Room 214, hot water 11.82
Hot water recirculating line, center 13.92
Hot water main, north end 12.11
Hot water recirculating line, north end 6.36

Clearly the amount of ash obtained from paint taken from piping in Building A93 exceeds
that from uncontaminated paint. This indicates that paint from Building A93 contains
noncombustible foreign matter.

Porosity of the lining. This lining is intended to be applied as a smooth hard glossy fiim,
and in much of the building this was in fact accomplished. However some paint, especially in
the hot water recirculating line, is excessively thick, soft and porous. A photomicrograph
(Figure 28) of paint from the hot water recirculating line in the south end of the building shows
a fluffy open structure containing pores about 2 mils (0.002 inch) in diameter.

Contractor’s process and schedule. Contractor production reports for each portion of
pipe that was lined were required by the contract. In these reports the contractor states that he
lined the building in three segments. Portions of those reports are reproduced verbatim below.
[The contractor used "east” to designate the north end of the building, and "west" to designate
the south end.]

Segment 1:  Date: July 23, 1996 (Tuesday)
Location: East end of building first and second floors
Length: 310 feet
Remarks: A temporary hot and cold water system was constructed
for all the rooms, kitchen and clothes washer. Treatment
segment 1 was from the mechanical room east to the end
of the building.
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Segment 2:  Date: July 26, 1996 (Friday)
Location: Mid-section first and second floor
Length: 729 feet
Remarks: Treatment segment 2 was from the mechanical room
west half the distance to the end of the building. The
recirculation pipe was not cut dividing the recirculation in
three segments, The recirculation pipe was done in two
segments.
Segment 3:  Date: July 29, 1996 (Monday)
Location: West end of building first and second floor
Length: 486 feet
Remarks: Treatment segment 3 was from the end of segment 2
west to the end of the building. The second segment of the
recirculation pipe was included in this treatment segment.

Temperasure of hot water in BOQ. Statements of the BOQ manager, Mr. Clemons, the

iead plumber, Mr. Watson, and my own observations agree that the hot water was maintained
between 130 and 155 °F. The lining is approved for continuous use at 160 °F.

Differences in piping diameter and flow rates. Pipe at each shower, sink and toilet tap

was 42" in diameter. The mains were 1 - 1%” in diameter at the ends of the building but
became up to 2" in diameter as they neared the mechanical room. The main where water enters
the building in the mechanical room is 24" in diameter.
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Air velocity is inversely proportional to the square of the pipe diameter at a constant
volume of air. Thus a stream of air at proper velocity in a ¥2" pipe will flow four times slower
in a 1" pipe and nine times slower in a 112" pipe.

The low degree of surface roughness in the larger pipe and the complete lack of surface
roughness at the top of some of the larger pipe indicate that the air flow rate used by the
contractor was too slow to prepare the surface of the larger pipes for painting.

Nature of disbonded paint, Loose debris in the water lines was in the form of soft,
powder, not hard resin flakes. Powder is consistent with the material seen in the hot water
recirculating line at the north end of the building. It is also possible that resin-rich flakes could
be powdered by turbulence as they flow through the piping.

Findings
Figure 29 summarizes the observations of the lining in the piping in Building A93.
Specific findings are:

1. The lining was manufactured and mixed properly, and the lining was properly cured.

2. The Y2-inch pipes leading to individual sleeping rooms were generally satisfactory, except
for evidence of a small amount of entrained grit.

3. The piping was lined in three sections. Work in the north and mid-sections is adequate
but contains minor defects such as variations in paint thickness, rippling of the paint
surface, and a rough finish characteristic of grit entrapment. Large areas of the paint in
the south end of the building are defective and are responsible for the blockage of the
entire piping system.

4. During installation of the lining, air velocity through the mains was frequently
insufficient to create the proper surface roughness for paint adhesion, especially at the
top of the larger pipes. In many sections of larger pipe, there is no surface roughness
at all on the top of the pipe. A rough surface is essential for painting copper and because
it was not produced, paint detached from the top surface in some sections of pipe. Most
significantly, however, air velocity was insufficient to remove dust from blast cleaning
operations.
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A critical error in this work was that dust from blasting was left in the hot water
recirculating line at the south end of the building.

a) When paint was added, dust and paint combined to form a viscous paste which
entrained air and formed an excessively-thick, poorly-adhering, porous crust. This was
most severe in the hot water recirculating line at the south end of the building.

b) In some locations an excessively thick porous lining was adjacent to uncoated
pipe, indicating that paint mixed with blasting dust was thick and resistant to flow.

¢) In six months’ time hot water penetrated, softened and removed particles of
crust in the hot water recirculating line. These were carried in the water flow to
frequently-used taps where they packed together and stopped the flow of water.

Valves were painted, contrary to an explicit statement in the contract that valves were
to be removed before painting.

Paint in some sections of pipe was disbonded. Small black spots were evident on the
side of the paint nearer the pipe, indicating that unauthorized hot work was performed

on painted pipe.

The appearance and properties of the lining indicate that a number of other errors were
made in cleaning the pipe and preparing the surface for painting. Although they did not
contribute directly to the catastrophic failure of the paint, they are further indications of
poor workmanship. Some of these defects are:

a) Sagging and rippling in the paint indicate that the pipe was not sufficiently
heated before paint was applied, and/or the air was not hot enough during application of
the paint.

b) Delamination and flaking of paint from the pipe indicates that the roughness
of the pipe surface was insufficient to maintain adhesion.

¢) Dust from blast cleaning is entrained in the paint, indicating that dust was not
removed after cleaning.

d) Excessively thick crusts of paint indicate that large amounts of dust were
mixed into the paint. The crusts did not possess the physical and chemical resistance of
the uncontaminated paint.

e) A matte (instead of gloss) finish on some of the paint indicates that the air was
not completely dry during application of the paint.

f) Excessively thick paint at the bottom of the pipe indicates that the volume,
temperature, and/or the blowing time of the air was insufficient.

g) Lumpy paint indicates that air was blown too long or was too hot, or that
paint was too close to its gel time when used.

h) Valves were not removed during lining but were painted, rendering them
inoperable.
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