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1. Purpose. This Public Wrks Technical Bulletin (PWB)
provi des information on problens identified and renedi es used
with plastic plunbing materials both within and outside the Arny.

2. Applicability. This information applies to all Arny
installations responsible for installation, operation, and
mai nt enance of plastic pipe and plunbing systens as well as
fi ber-reinforced plastic underground storage tanks.

3. Ref er ences.

a. Arny Regulation (AR) 420-49, Heating, Energy Selection
and Fuel Storage, Distribution and D spensing Systens, 22 June
1990.

b. AR 420-46, Water Supply and Wastewater, 1 May 1992.

c. AR 420-70, Buildings and Structures, 29 May 1992.

d. AR 420-54, Air Conditioning and Refrigeration, 5 Novenber
1990.

4. Backagr ound.

a. Plastic materials have been used for plunbing appli-
cations since the m d-1940s. Once introduced, their use has
i ncreased steadily, primarily due to economcs. (Plastic pipe of
6-in. dianmeter or less on a first-cost basis is |l ess to purchase,
transport, and install than netallic pipe of the sanme size and
service. For larger dianeters, the relatively | ow cost per pound
of nmetals used for pipe manufacture offsets those cost advant ages
for plastics.) Plastic pipes are |ightweight and typically
requi re nmuch | ess | abor and equi pnent to handle and install than
metallic pipe. The pipes are not susceptible to corrosion, so
the requirenent for the cathodic protection needed for netallic
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pipe is elimnated. 1In sonme applications, plastics are used
where reactivity or conpatibility problenms occur wth copper,
iron, or steel pipe. These advantages, together with research
and devel opnent efforts ainmed at inprovenents in materials and
installation techni ques, have provided stinulus for the growh in
the use of plastic pipe.

b. Al materials have their own set of problens unique to
the material and application. Plastic plunbing materials are no
exception. Wile plastics solve sone of the drawbacks of netal
pl unbing materials (i.e., corrosion, weight, scaling, etc.), they
create a unique set of plunbing deficiencies. For many pl unbing
applications (i.e., high tenperature water or steam/lines and
hi gh pressure steamor gas lines), plastics will not work at al
or they performfar inferior to netallic materials. For other
applications, plastic materials will work as well or better than
metals, if properly installed.

c. Arny guidance restricts the use of plastic plunbing
materials in sone situations. For exanple, use of plastic
plunbing is restricted to the first three floors of a building
and cannot be used for firewall penetrations. Many buil ders,
however, want to use plastic everywhere because of its ease of
installation and cost, and they cite U S. Arny Corps of ENngineers
gui de specifications for justification. As a result, installa-
tions sonetimes have a problem acquiring the plunbing systens
they specify. Corps of Engi neers guide specifications are
intended to be a guide for the installations and contractors.

The gui de specifications, therefore, allow a variety of naterials
to be used. Contractors often choose fromthe options given in
the specifications only because they are standard practice at
certain |locations and provide opportunities for greater profit

t hrough reduced transportation, equipnent and | abor costs.
Because plastic pipe installation is typically nmuch | ess | abor

i ntensive and uses new and often sinpler installation procedures
than nmetallic pipe, if given the choice, contractors often
substitute plastics. Since plastic plunbing is sinpler to
install than nmetallic plunbing, plunbers with little or no
training in installing plastic plunbing are enpl oyed. The

pl unbers sonetinmes make small m stakes, which can lead to w de-
spread or severe problens. Therefore, installations sonetines do
not get the construction quality they need or for which they pay.
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5. Summary of lLessons Learned. The follow ng | essons are
di scussed in detail in the attached publication, Lessons Learned:
The Use of Plastic Plunbing Mterials.

a. Carefully consider material properties when nmaking the
choice of materials for plunbing systens; standard practice is
not a satisfactory single criterion.

b. Use plastic pipe designed for the application; do not
substitute.

c. Design for thermal expansion and contraction of the
pl astic pi pe.

d. Design for thermal environnent.

e. Ensure that plunbers and pipefitters have the training
and experience necessary for joining plastic pipe.

f. Record accurate, reliable information on the exact |oca-
tion of buried plastic pipes and ensure any changes are reflected
in as-built draw ngs.

g. Design underground distribution trenches and manhol es to
reduce the danger of damagi ng plastic plunbing when mai ntaini ng
adj acent utility systens.

h. Institute safeguards to prevent damage to plastic
di stribution and pl unbi ng systens by nonpl unbers.

i. Wuen installing fiber-reinforced plastic underground
storage tanks (FRP-USTs) in areas with a high water table,
install the fabric filter hole liner specified by the tank
manuf acturer to allow the flow of water around the tank, but
prevent the mgration and m xing of native soil and backfill
material. Do not allow the tanks to remain in the ground in an
enpty or near enpty condition

j]. Carefully nonitor an FRP-UST for roundness when it is
enptied and refill ed.

6. Points of Contact. Questions and/or comments regarding this
subj ect, which cannot be resolved at the installation or MACOM

| evel, should be directed to the U S. Arny Center for Public

Wor ks, CECPWES, 7701 Tel egraph Road, Al exandria, VA 22315-3862,
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at (703) 806-5196 or DSN 656-5196. (Questions nay al so be
directed to USACERL, CECER-FL-M P.O Box 9005, Chanpaign, IL
61826- 9005, (800) USA- CERL.

FOR THE DI RECTOR:

FRANK J. SCHM D, P.E.
Di rector of Engineering
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APPENDI X A

LESSONS LEARNED

|. Carefully consider material properties when making the choice
of materials for plunbing systens; standard practice is not a
satisfactory single criterion.

1. A nmgjor part of the successful use of any buil di ng conponent
begins with selecting the right material for the job by under-
standing the material’s properties and limtations. Standard
practice is not always the best criterion by which to judge.
Manuf acturers’ recomrendati ons and material specifications al so
must be consi dered.

2. In the 1970s, polybutylene pipe with acetal fittings becane
popul ar as a carrier for potable water. It was used by cities
and hone buil ders across the country. By the early 1980s, these
pl unbi ng systens were failing mserably, resulting in thousands
of |eaks, nostly at the fittings. It was known and published in
manuf acturers’ literature that acetal was susceptible to chem ca
attack by hypochlorites, the chlorine constituent in chlorinated
wat er .

3. One mlitary installation constructed 200 prefabricated
housi ng units that contained pol ybutyl ene plunbing for both hot
and cold potable water (an acceptable material for this service).
Wthin two years, maintenance personnel were getting five to ten
calls per day fromthat particular housing area for |eaking or
br oken wat er pipes, nostly in the hot water lines. The pipes al
had acetal plastic fittings. The hot water tenperature in sone
of the housing units was neasured in excess of 160 °F (71 °C).
Because heat accel erates chem cal reactions, the hypochlorite
attack progressed nuch quicker on fittings in the hot water
lines. Stress on the fittings induced by thermal expansion of

t he pol ybutyl ene pipes contributed to the brittle fractures in
the fittings. Polybutylene pipe manufacturers recomrend that in
chl orinated water systens either copper or chlorinated polyvinyl
chloride (CPVC) fittings should be used rather than acetal. The
installation determined that it was nore cost effective to
abandon the pol ybutyl ene plunbing in-place than to repl ace each
acetal fitting in the housing area wth copper or CPVC fittings.
They al so chose to install PVC pipe for the cold water |ines and
copper for the hot water |ines.



PWIB 420- 49- 6
31 May 1996

4. Polyvinyl chloride (PVC) also was installed at several Arny
installations for natural gas distribution systenms. Excessive
failures in the PVC gas pipelines resulted in nost of the |ines
bei ng replaced with polyethyl ene pipe. Sone of the problens
noted wwth the PVC gas distribution systens included | eaking
joints (glued), inferior materials, and brittleness of the PVC
material. The brittleness was caused by agi ng and exposure to
sunlight, especially at the risers. One installation had several
i nstances of children bunping the risers wwth their toys and
causi ng cracks and breaks. The PVC risers at that installation
were replaced wth steel. PVC gas |lines are being replaced with
pol yet hyl ene pipe at installations where they are still in use.
Pol yet hyl ene pi pe can be used for above ground applications but
must be in a netallic casing. U S. Arny Corps of Engineers guide
specifications do not allow PVC as an option for gas |ine pipe
mat eri al .

5. Several installations found that PVC is preferred for ness
hal | drains because cast iron drains corrode. Kool A d® and

ot her soft drinks have a severely corrosive effect on cast iron,
but not on plastic.

6. An energing problemw th netal valves is nmaintaining themin
the ground. Work force reductions at many installations severely
limt the resources to maintain these valves. One installation
is attenpting to reduce the mai ntenance requirenent for

| ubrication and corrosion prevention by replacing nmetal gas |ine
valves in the ground with plastic valves. Plastic gas |line

val ves are avail able for pipelines up through 8-in.*, and the

pl astic replacenents require no nai nt enance.

"1in. =25.4 mm; 1 ft=0.305m; 1 mi = 1.61 km.
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1. Use plastic pipe designed for the application; do not
substi tute.

1. Plastic pipe manufacturers produce their pipe wthin par-
ticular design specifications. They also specify the sort of
applications the pipe is designed for. That specification is
based on material properties and production specifications. Wen
a pipe is used for an application other than what it is designed
for, the likelihood of failure greatly increases.

2. One installation used fiber-reinforced plastic (FRP or fiber-
gl ass) pipelines as part of their airfield fuel distribution
system The internal pipe pressure was a nomnal 110 psi wth
surges up to 150 psi. The contractor installed a pipeline
designed for a condensate return system and not for high pressure
fuel system Cearly this was an error in obtaining and using
the correct pipe nmaterial. The pipe soon split and shot fuel
into the air, contamnating the soil around it. Maintenance
crews thought it was a broken water main until they snelled the
JP-4 fuel. The line was replaced wth coated stainless steel
pi pe and cathodic protection. Good on-site quality control is
the only nmeans of preventing this type of incident.

3. Another installation installed a hot water heat punp system
in a headquarters-type building. The contractor who installed
the heat punp used a PVC pipe rated for cold water rather than
the CPVC pipe required for hot water. Wen the system was turned
on, the pipe sagged and soon broke (Figure 1). The contractor
repl aced the PVC pipe with CPVC pi pe.

Figure 1Cold water PV C pipe sags when used to carry hot
water.

I11. Design for thermal expansion and contraction of the plastic
pi pe.
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1. An inportant design consideration when plastic pipe materials
are used is thermal expansion or the change in unit |length or
volume with a change in tenperature. Depending on the plastic
material, the differences can be significant. For exanple, a

t enperat ure change of 20 degrees can alter the length of a 10-ft

pi pe by:

0.016 in. if steel

0.022 in. if copper

0.036 in. if PVC

0.067 in. if polyethyl ene
0.192 in. if polybutyl ene.

Thus, designs nmust take into account such | ength changes,
especially since the tenperature of a hot water pipe nmay have a
range of 50 to 80 °F (10 to 26 °C) vari ation.

2. Polybutyl ene plunmbing was used in a notor pool tactical

equi prent mai ntenance facility to prevent pipes frombursting. A
positive attribute of polybutylene piping is its ability to with-
stand the forces caused by water freezing inside it. However, to
accommodat e the thermal expansion and contraction, the pipe was
installed so it sagged between pipe hangers. The weight of the
water in the pipes conbined with thermal expansion during hot

weat her caused the pipes to sag to the point that, over tineg,

t hey began pulling out of the conpression fittings (Figure 2).

Figure 2Water weight and thermal expansion may
cause polybutylene piping to pull out of compression
fittings.
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3. Another installation built some barracks with all PVC
plunmbing in the winter of 1987. After the pipe was placed, the
buil ders cenented it tightly against the barracks floor. The
cenment did not allow thermal expansion or contraction in the

pi pe, so the pipe burst and fl ooded the barracks soon after it
was placed in use (Figure 3). Installation personnel took out
the cenmented plunbing and replaced it using brackets to hold the
PVC pipe in place. A barracks built three or four years ago,
however, has not had the sane problem even though the pl unbing
was cenented in place. The area was heated when the pipe was
laid and cenented in place.

Figure 3Not allowing for thermal expansion
or contraction may cause pipes to burst.

4. An accident occurred in Nebraska in January 1976 when nat ural
gas leaked into a six-story hotel and was ignited. The hotel

expl oded and burned killing 20 people and injuring 39 others.

The investigation disclosed that about 18 nonths before the
accident a new plastic main had been installed by inserting the
plastic pipe into the existing steel pipe. The nearly 350-ft-Iong
pi pe had been installed in hot weather. Wth the onset of col der
tenperatures, the 2-in. polyethylene plastic main contracted

| ongitudinally and pulled out of a conpression coupling.

Pol yet hyl ene gas pi pe should only be joined using the

manuf acturer’s approved procedures.
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5. In Decenber 1977, another 2-in. plastic pipe nain pulled out
of a conpression coupling in Kansas creating a gas |eak and
explosion. Two people were killed, three were injured, and a
bui | di ng was destroyed. The National Transportation Safety Board
(NTSB) determ ned that the probable cause of the accident was the
failure of the gas conpany to properly design, install, test,

i nspect, and anchor the 394-ft-1long pol yethylene main that had
been inserted in a steel casing. They had only connected it to a
steel gas main by a conpression coupling. The 2-1/2-year-old,
unrestrained plastic gas main contracted 3-1/2 in. longitudinally
during cold tenperatures and pulled out of the conpression
coupling (Figure 4). Tests conducted during the investigation
indicated that a plastic pipe s resistance to pullout froma

st andard conpression coupling decreases with tinme due to stress
relaxation at the clanp. U S. Arny Corps of Engi neers guide
speci fications describe conpression coupling material require-
ments. The 49 CFR 192 requires that the joint be designed to

wi t hst and | ongi tudi nal pull out forces using procedures proven by
test or experience to produce strong, gas-tight joints.

—_—

Figure 4Compression coupling fails.
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V. Design for thermal environnent.

1. Excessive heat adversely affects plastic plunbing nmaterials.
Thernopl astic naterials nelt at noderately high tenperatures. The
mel ting points vary depending on the plastic material. Thernoset
materials typically can withstand hi gher tenperatures because
they do not get soft at these tenperatures. They do, however,
deconpose and fail w thout warning at el evated tenperatures.

When designing a plunbing system real and potential heat sources
nmust be considered in selecting a plastic pipe material.

2. Several installations have tried using FRP condensate return
lines wth little success. The major problemwith FRP lines is
that if a steamtrap should fail and allow steaminto the pipe-
line, the pipes do not hold up (Figure 5). Steam destroys the
pol ymer matrix of the pipe resin, |eaving just the reinforcenent
in place. Arnmy Corps of Engineers guidance requires the instal-
lation of arelief tank at each steamtrap for FRP condensate
return lines. Were the relief tank has been installed, no fail-
ures have been reported. Draft gui dance (AR 420-consol i dat ed)

Figur e 5FRP condensate return
lines do not hold up if a steam
trap fails and allows steam in the
pipdine.

A-7
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states that for class A sites, those with a high water table or
poor drainage characteristics, above ground installation of heat
distribution systens is preferred. However, if it is necessary
to bury the system a shallow trench installation is recomended.
If direct burial is the alternative of choice, non-FRP pipe nust
be used. For direct burial applications, FRP pipe can only be
used at class B or |ower sites.

3. The Arny Corps of Engineers recently built five 1,100-nman
barracks at a major installation in the United States. They
installed a chilled water distribution systemusing 12-in. PVC
pi pe between the buildings and a steel heating pipeline beside
the chilled water line in a shallow trench. No problens occurred
during warm weat her; however, when the weather turned cold, the
chilled water was turned off for the winter. The 300 °F heat
pi pe destroyed the adjacent PVC chilled water pipe because the
heat pi pe was placed where tenperatures could reach or exceed the
chilled water pipe materials’ softening point. The installation
repl aced the PVC chilled water line with a steel one.



PWIB 420- 49- 6
31 May 1996

V. Ensure that plunbers and pipefitters have the training and
experience necessary for joining plastic pipe.

1. It is inportant to hire qualified and experienced plunbers to
install the pipe. Just being qualified is not enough, field
experience i s necessary. Many problens associated wth the use
of plastic plunbing materials are the result of carel essness or
poor wor kmanshi p by the plunbers installing the systens. One
advantage to using plastic pipe is that it is easier to instal
than netallic pipes. Oten the idea of being easier to instal
is interpreted to nmean that it is sonmething anyone can do with
m nimal training or experience. This is not necessarily true.
Because of the character of plastic pipe and pipe fittings,
training and experience specific to plastic pipe is necessary.

2. An 8-m-long gas pipeline was constructed at one installation
using 8 in. polyethylene pipe. Wen the work began, the tenpera-
ture was below freezing and ice was on the ground. The workers
conpensated for the cold by turning up the tenperature on the
butt-fusion irons rather than using a |longer heating tine when
maki ng the butt-fusion welds. During the initial integrity
tests, the pipeline failed twi ce due to poor butt welds. Those
wel ds were repaired and the line put into service. Follow ng 17
nmore failures, 3.5 m of the |line was shut off and the old line
put back in service until a new pipeline could be installed. The
remaining 4.5 m of the pipeline, installed using proper mnethods,
has had no problens. On the first 3.5 m, the plunbers experi -
enced failures and subsequently | earned the proper nethods for
assenbling the pipe. Wrner weather during the |ast portion of

t he pi peline construction undoubtedly hel ped as well.

3. The National Transportation and Safety Board investigated
anot her accident involving inproper installation that occurred in
Texas in Cctober 1971. A wonman who resided in a small frame
house |it a gas stove. The expl osion that followed bl ew the
roof off the house and blew out the four walls. The woman was
burned severely. The Safety Board’ s investigation reveal ed that
the explosion and fire resulted fromthe ignition of natural gas
that had accunmul ated in the house after m grating, under
pressure, froma failed saddl e-tappi ng ni ppl e connection on a

pl astic pipe. A 1/8-in.-w de crack extended across the top half
of the pipe nipple s circunference. About 9 nonths before the
acci dent, an independent contractor had installed a 4-in.

pol yet hyl ene hi gh-pressure gas distribution systemin the area.
The 3/4-in.-dianmeter plastic service |line, which connected the

A-9
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main to the houses, was heat-fused to the main by neans of a

pol yet hyl ene saddle. After burial of the main and service |ine,
heavy rainfall caused the earth to shift. At the sane tine,
heavy construction equi pnent traversed over the pipe |line, which
stressed the service |line connection to the point of failure.

| nvestigators determ ned that the saddle joint was not properly
installed resulting in the joint’s failure when subjected to the
heavy equi pment | oadi ng.

4. Pol ybutyl ene pipe was installed for hot and cold water
plunbing in a famly housing area at one installation. During
construction, netal pipe hangers that held the pipes in position
were fastened so tightly that they partially crushed the poly-
butyl ene pipes. Hairline cracks eventually devel oped at these
points, especially in the hot water lines. 1In a few instances,

t he pipes burst. Wthout exception, there was evidence of the
pi pe being crushed by hangers or being crinped where the | eaks
occurred. The crushing or crinping weakened the pipe hoop to the
poi nt that the thermal expansion and contraction cycling of the
pipes initiated a split.

5. Because of the isonorphic properties* of polybutylene,
special care in heating the pipe and fitting surfaces are
required as well as providing sufficient tinme (5 to 10 days) for
the crystalline transition to occur before | oading a fusion

wel ded system One Arny installation had pol ybutyl ene pl unbi ng
installed using fusion wel ded pi pes for both hot water and col d
water. The plunbing was not given sufficient time for the
crystalline transition to occur before it was pressure tested.
Once the pipes were in use, the welded joints began failing.

6. Problems with PVC drains in sone three-story housing renova-
tions occurred at another installation. Once the housing units
were in use, |eaks began occurring in the walls. Wen the

mai nt enance crews investigated, they found that poor workmanship
in the second and third floor |lavatories caused problems with the

*Polybutylene isuniquein that it is one of the few commercially available polymers that exhibits a significant
degree of isomorphism, or simultaneous coexistence of two different crystalline forms. When polybutylene
crystallizes from the melt, it forms an unstable crystalline structure referred to as Form I1. At room temperature,
the Form |1 tetragonal crystals slowly convert to Form | hexagonal crystals, the final stable structure accompanied
by a change in density. This transformation normally requires 5 to 10 days to complete. During that transition
time both structures coexist within the polymer matrix. The time requirement for the transition can be reduced by
subjecting the material to high pressure (10 min. at 30,000 psi). To avoid potential problems associated with
fusion welds, polybutylene plumbing isinstalled using metal or plastic compression fittings.

A-10
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rear-di scharge commodes installed during the renovations. The
PVC drain lines sagged and pulled out fromthe commobde fl anges
(Figure 6). Exanples of poor workmanship identified in the
renovations include no prinmer used during assenbly, sone pipe
fittings not pushed on the pipes to their bottom sone joints dry
with no cenment in them and insufficient pipe hangers used to
secure the PVC drains in the walls. The installation replaced
the PVC drains with cast iron pipe to avoid further problens in

t he upper stories. The contractor either had no know edge of the
basi cs of joining PVC pipe or was negligent in performng the
work. Had the joints been properly assenbl ed, they woul d not
have failed, and the probl em woul d never have occurred.

g

Figure 6lmproperly joined PVC drain
pipes pull away from wall flanges.

8. It seens like a sinple step to take, but sol vent-wel ded
joints for PVC pipe require cenent when joining them To obtain
their rated strength in a system the cenented fittings and the
pi pe to which they attach nust be properly prepared for the
cenent and then mated correctly. The quality of the cenented

j oi nt depends on the expertise and thoroughness of the
installers. Wen joining PVC pipe, qualified plunbers should
know t hat :

a. Al raised ridges caused by cutting pipe ends nust be
chanfered and renoved to prevent cenent in the fitting socket
from bei ng scraped fromthe socket surface when joining. Omt-
ting the chanfering step can result in a dry joint wth a high
probability of failure.

b. Surfaces to be joined nust be cleaned and free of dirt,
noi sture, oil, and other foreign material.

A-11
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c. A primer nust be applied to both joining surfaces to
cl ean, soften, and dissolve the joining surfaces to prepare them
for solvent cementing. |f sufficient priner penetration is not
achieved, it is unlikely that a suitable joint will result.
Oten the manufacturer of the solvent cement does not nention the
need for the priner, but that need al ways exi sts.

d. PVC solvent cenent is fast drying, so the cenent should
be applied as quickly as possible, consistent with good
wor kmanshi p.

e. The surface tenperature of the mating surfaces should not
exceed 110 °F (45 °C) at the tine of assenbly.

f. The pipe or fitting should be rotated 1/4 turn during
assenbly (but not after the pipe is bottoned) to distribute the
cenment evenly.

g. Until the cenent is set in the joint, the pipe may tend
to back out of the fitting socket if not held in place after
assenbly. In addition, fresh joints can be destroyed by rough
handl i ng.

h. PVC piping is sensitive to ultraviolet light. Wen
exposed to sunlight for a long tinme it becones noticeably nore
brittle.

i. Extremes of hot or cold al so weaken PVC pi pe.

J]. Vibration and surging effects are deleterious to PVC
pi pi ng. Repeated pressure surges below the rated burst strength
of the pipe can lead to failures.

9. An installation installed a schedule 40 PVC water |ine under
a dining facility. It soon began |eaking at the fittings. They
replaced it with schedul e 80 pipe and have had no nore probl ens.
The sanme thing occurred on their golf course and, again, the
schedul e 80 pi pe replacenent worked. All of the | eaks occurred
at the fittings. Because no breaks occurred in the schedul e 40
pi pes, installing schedule 80 pi pe served no purpose beyond
replacing all the poorly assenbled pipe fittings with properly

j oi ned ones.

10. Another installation had a plunbing probl em when a buil ding
contractor connected cold water PVC to the hot water lines. The
PVC pi pes qui ckly sagged and broke when the water was turned on.

A-12
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The installation inspector noted that even if the contractor had
installed the proper pipe, it probably would have had simlar
results because he installed the hangers too far apart. The
cause of this problemwas carel essness, inexperience or both on
the part of the plunbing contractor. The hanger bracket spacing
design was al so part of the problem PVC and CPVC pipe

manuf acturers have literature that specifies the maxi num hanger
spacing for the different grades, schedules, and dianeters of PVC
and CPVC pipe. Their specifications should be foll owed.

11. One installation had some FRP-w apped steel condensate
return lines fail shortly after they were installed. When the
system was turned on, condensate began | eaking and deteriorating
the FRP wap. An investigation into the cause of the failure
concl uded that the contractor who installed the lines did not
exercise quality control on the steel welds when the pipeline was
assenbl ed. The bad pipeline runs were replaced wth the sane
systemby a different contractor. No problens have occurred with
t he new system

VI. Record accurate, reliable informati on on the exact |ocation
of buried plastic pipes and ensure any changes are reflected in
as-built draw ngs.

1. A general problemwth plastic pipe is that it can be damaged
easily if it is dug up for any reason. Damage by excavation

equi pnent or tools such as backhoes, front-end | oaders, ditchers,
graders, augers, iron stakes, and hand shovels are the mgjor
cause of leaks in buried plastic pipes. Mintenance workers
often coment that it seens like all a person has to do is touch
a buried pipe with a backhoe and it springs a leak. This is also
true for some nmetal pipes. For that reason, dependabl e infornma-
tion on the location of buried plastic pipe is vital.

2. Accurate and up-to-date as-built drawi ngs are always hard to
conme by, but they are particularly inportant when perform ng

mai nt enance and repair operations on or near plastic pipe. This
is especially a problem when the maintenance crew i s digging near
a gas pipeline. An installation had an instance where the as-
built drawi ngs showed a 4 to 5 ft separation between a water nmain
and a gas line. They were digging a ditch between the |ines and
hit the gas pipe, breaking it. In reality, the separation
between the lines varied and, at tinmes, canme within a coupl e of
feet of each other.

A-13



PWIB 420- 49- 6
31 May 1996

3. Several installations have had problens identifying the

| ocation of buried plastic pipelines. Attaching reflective
metallic or magnetic tape has been tried, but the tape cannot be
detected at the depths nost of the pipes are buried. Sone
install ati ons have had success putting tracer wires in the ditch
with the pipe when it is installed and having it conme out of the
ground at gas risers. \Wen naintenance crews are working in the
area, they put a signal on the wire at the risers that they can
easily detect at the ground’ s surface. The 49 CFR 192.707(a)
precl udes wapping the plastic gas pipe with the tracer wire. |If
lightning strikes, the wire could burn a hole in the pipe. Also,
those installations that follow the DOT guidelines strictly and
install the tracer wre above the pipe rather than getting a
variance to place the wire in the ditch with the pipe have a
problemw th tracer wires being broken by people digging or driv-
ing stakes or posts into the ground. Know ng where the pipe is
protects it better than any other nethod. Tracer wres and tapes
are not reliable for locating buried plastic pipelines, so it is
inportant that installations ensure as-built draw ngs reflect al
changes accurately.
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VII. Design underground distribution trenches and manholes to
reduce the danger of damagi ng plastic plunbing when mai ntaining
adj acent utility systens.

1. A common conpl ai nt about engi neers by nai ntenance workers is
t hat engi neers do not design things so that they can be easily
mai nt ai ned. At one installation, several |ocations have the gas,
wat er, electrical, and sewer lines all stacked on top of one
another. |If maintenance is required for one, the other pipelines
are in danger of being danaged by the mai ntenance crew (Figure
7).

Figur e 7Pipes stacked around each other are
difficult to maintain without risk to other

pipes.
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VIIl. Institute safeguards to prevent danmage to plastic
di stribution and pl unbi ng systens by nonpl unbers.

1. The majority of buried pipeline | eaks are due to damage from
excavation, and 95 percent of those | eaks are caused by people

ot her than mai ntenance crews. Gas conpany data for gas |lines
show t hat over 60 percent of the | eaks caused by nonmai nt enance
crew excavati on were caused by peopl e who had not contacted their
gas conpany or system operator regarding the |ocation of buried
gas lines or their intent to excavate.

2. A common problemat installations involves troops driving
groundi ng rods, stakes, and steel fenceposts into the ground and
accidentally puncturing gas lines. GCenerally, the problemis not
di scovered until the unit noves and the stakes and rods are
pulled up. In many places, the only soil soft enough to drive a
rod easily is over a buried utility line. The only way to avoid
such occurrences is to clearly mark where the underground utility
lines run and keep informng the units to watch for the markers.

3. At one installation a soldier was planting a garden and drove
stakes into the ground to support the plants. One of the stakes
was driven through a pol yet hyl ene gas pi peline causing a gas

| eak. Since buried gas pipelines can be as close to the surface
as 12 in. in residental areas, tenants need to be advised
concerning the location of buried plastic gas pipelines that
cross their property lines. They should also be warned to
contact the gas conpany if they plan to do any excavation or

di ggi ng.

4. Peopl e other than plunbi ng mai ntenance crews al so cause | eaks
in plunmbing systens. Both tenants and construction workers
sonetinmes accidentally drive nails into plastic pipes installed
in walls. On several occasions at one installation, famly
housi ng tenants drove nails into PVC vent pipes and broke them
At anot her site, polybutylene pipes were punctured by nails when
the carpenters installed the drywall in the housing units. The
cold water pipes were little problem because the thermal
contraction induced by the cold water kept a tight seal around
the nails. The hot water pipes, however, expanded at the nai

hol es and | eaked, thus ruining the dry wall. Tenants and
construction workers need to be nade aware of the |ocation of

pl astic pipe in housing units to reduce the Iikelihood of these
acci dents occurring.
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| X. Wien installing fiber-reinforced plastic underground storage
tanks (FRP-USTs) in areas with a high water table, install the
fabric filter hole liner specified by the tank manufacturer to
allow the flow of water around the tank but prevent the mgration
and m xing of native soil and backfill material. Do not allow
the tanks to remain in the ground in an enpty or near enpty

condi tion.

1. Three FRP-USTs failed recently at a major Arny installation.
Two 30, 000 gallon, 10-ft dianeter double-wall storage tanks with
brine interstitial solutions failed within three nonths of their
installation in 1991. They were repaired by the manufacturer
onsite and put back in service. No cause for the failure was
determned at the tine. However, simlar problens occurred at
other Arny facilities. During the course of a site visit to the
installation by engineers from USACERL, an inner wall failure was
di scovered in another tank, bringing the count to three failures.
It was al so noted that the bedding had shifted on sone of the
tanks. The bedding shift was evident because of a angle shift in
t he above-ground vent pipe. The engineers determ ned that the
failures were caused by critical stresses induced in the inner
liner near the bottom of the tanks because of stresses induced by
differential settling of the soil under the tanks. [If a tank is
nearly enpty, the wall deflections need to be nonitored to ensure
they do not exceed the manufacturer’s all owabl e defl ection speci -
fications for the major vertical diameter of the FRP-UST.

2. Tanks were installed in an area with a high water table, at
times only a few inches below grade. At installation, several of
the tanks were left nearly enpty for approximately three weeks
while tightness testing was perfornmed on other tanks. The
stresses that created the cracks were due to a conbination of
buoyant forces devel oped by hi gh groundwater, near-enpty tanks,
and wat er-induced shifting of bedding materials. The engi neers
recommended that steps be taken to avoid water-induced stresses
by avoi di ng excessive enptying of underground tanks, and that for
any new tank installations in simlar high water conditions,
manuf acturer-specified fabric filters be used. Filter fabrics
allow the flow of water but prevent migration and m xi ng of
native soil and backfill material. Continuous pol yethyl ene
sheeting is not an acceptable substitute for filter fabric.

M xi ng of sand or native soil with the bedding gravel can result
in atank failure. For tidal or other areas subject to frequent
changi ng groundwater |evels, unstable soils and water conditions
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with silty soil, filter fabrics should be used to stabilize the
t ank beddi ng.

X. Carefully nmonitor an FRP-UST for roundness if it is enptied
and refill ed.

1. A deflection nmeasurenent program should be perfornmed as the
m ni mum ongoi ng test reginmen for FRP-USTs. Private consulting
engi neers reconmmend that, as a construction test, it is espe-

cially inportant to measure tank roundness. |[If, after they are
put in the ground, the tanks are enptied for any reason and
refilled, the bedding and backfill may shift due to reduced

internal tank pressure against them Any detected trend away
froma circular cross-section is an accepted indicator of a
decrease in nmechanical properties of the FRP lam nate. Using a
di pstick to neasure the depth of the tank and conparing the
results with neasurenents taken when it was installed or other
previ ous neasurenents is the optimumnmethod to use. |If the
measurenent is greater than the foll ow ng all owed maxi mum

defl ections, the tank should be considered at or near failure due
to stresses induced by shape distortion or out-of-roundness and
action to renedy the situation should be taken. Maxi mum al |l owed
defl ections are:

1 4-ft tank: 0.50-in. deflection

1 6-ft tank: 0.625-in. deflection

8-ft tank: 1.25-in. deflection

10-ft tank: 1.50-in. deflection

12-ft tank: 1.50-in. deflection.
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Synopsi s of PWB 420-49-6
PWB 420-49-6, The Use of Plastic Plunmbing Materials: Lessons
Learned, discusses the problens and advantages of plastic

pl unbi ng materials. The attachnment details factual scenarios of
pl unbing failures, their causes, and their sol utions.
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