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Fig. 2-4 Dioxins emissions per industrial sector (2006)

1]

Source: Dioxins emission inventory, MoE
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Fig. 2-6 Results of dioxins emission survey from VCM production facilities

Unit: g-TEQ/year

1997 | 1998 | 1999 | 2000

2001 | 2002 {2003 | 2004 | 2005 | 2006

Emissionstoair | 0.20 | 020 | 0.20 | 0.19

029 | 029 {030 [ 021 |022 | 028

Emissions towater | 054 | 053 | 0.55 | 020

058 |0.16 | 0.10 | 0.07 |{0.10 (008

Total 0.74 | 013 | 0.75 | 039

087 | 045 | 040 | 028 | 032 | 036

Source: Dioxins emission inventory, MoE
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Fig. 3-2 VCM and EDC concentrations in the general environment

Fiscal year 1997 | 1998 | 1999 | 2000

Unit: pg/m?

2001 | 2002 | 2003 | 2004 | 2005 | 2006

# of sites 1 152 162 169

84| 197| 18| N9 | 27| 2%

Average 021 013 010 | 008

007 ) 007| 005] 006 | 004] 0.05

Min. value 0.012 | 0009 | 0.008 | 0.002

0.003 | 0.002 | 0.002 | 0.003 | 0.002 | 0.003

Max. value 09 22 18 11

16| 27 14 18 06| 15

Fiscalyear | 1997 | 1998 | 1993 | 2000

2000 | 2002 | 2003| 2004| 2005 | 2006

# of sites 18 2| 20| 216

21 28| 83| 29| AU W

Average 020 019 015 | 0.6

011 00| 010 043 010 013

Min. value 0017 | 0025| 0.010 | 0.008

0.006 | 0.017 | 0.008 | 0.005) 0.005 ) 0.005

Max. value 2.1 26 20 21

1.1 13 10 1.7 07 1.7

Source: Monitoring of hazardous air pollutants, MoE
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PVC Pressure Pipe Specifics Pipe was severely faded to a maximum depth of |
0,002 inches over approximately 180 degrees of

its exterior surface.

Outdoors

City of Saskatoon Public Works Yard
330 Ontario Avenue

Saskatoon, Saskatchewan

Storage Location

Climate year
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Wall Thickness (May range from | Passed (Ranged from
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Dimensions Average Outside Diameter Passed |
(May fall between 38825 mm (38859 mm) 1
and 389,00 mm per CSA) [
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AIR VALVES:

IMPROVING THE
PERFORMANCE OF
PRESSURE PIPELINES

ir valves automatically release or admit air during the filling, operation, or
draining of a pipeline. For all pipe materials, efficient and safe pipeline operation
is dependent on continuous removal of air from the line.

» THE EFFECTS OF AIR IN
PRESSURE PIPELINES

Air exists in all water pipelines and
sewer force mains. According to AWWA
Manual M 51, there are many sources
of air. One is the water itself, which
contains at least 2% dissolved air by
volume in standard pipeline operating
conditions. Air collects in pockets at
high points along the pipeline and can
be detrimental if not controlled.

Air pockets:

o Reduce cross-sectional flow area,
affecting pump efficiency and increasing
energy costs

o« Magnify surge pressures, which
can damage the pipe and pipeline
components

o Can create unsafe conditions for
tapping of pipe

« Will prematurely wear equipment like
pumps and may cause other equipment
like control valves to operate erratically

There are three main types of air
valves installed in pressure piping
systems:

o Air release valves Continuously
release small quantities of air from a
pressurized line. Also known as “small-
orifice air valves” and “pressure air
valves.”

« Air/vacuum valves discharge large
quantities of air from non-pressurized
pipes and are used mainly when filling
a line. As well, they make it possible
to admit large quantities of air when
lines are drained or when the internal
pressure drops below atmospheric
pressure. Also known as “large-orifice
air valves,” “low-pressure air valves,”
“vacuum breakers,” and “air-relief
valves.”

riag. e - e

« Combination air valves act as both
air release and air/vacuum valves by
continuously releasing small volumes of
air in pressurized lines and by emitting
or taking in large volumes of air when
filling or emptying a system. Also known
as “double-orifice air valves.

P ”AIR-VALVE PLACEMENT

Air valves are typically used on sewer
forcemains and water transmission
lines, but may not be needed on
smaller water distribution pipelines,
where hydrants and service lines
provide means for venting entrapped
air. They should be installed at locations
such as: high points, abrupt increases
in downslope, abrupt decreases in
upslope, long ascents or descents,
and at the beginning and end of long
horizontal runs.

» DESIGN OF VALVE ORIFICE
SIZE

Per AWWA Manual M 51, the design
of orifice size is affected by the pipe’s
internal pressure, the shape of the valve
orifice, and the difficulty in determining the
amount of air that may need to be vented.
The Manual provides a sizing method, but
emphasizes that the valve manufacturer
should be consulted to verify the accuracy
of assumptions made in the design process.

.References:
“Air-Release,
Air/Vacuum, and
Combination Air
Valves,” AWWA
Manual M51; and
“PVC Force Main
Design,” Uni-Bell
UNI-TR-6

or

1Po ojlai| AA 6> | 1 Jlw




WWW.pVC-asso.ir NEWS

”References:
ASTM standards
F679 and F1417;
AWWA standard
C900; Handbook

of PE Pipe;

Handbook of

PVC Pipe; and
“Air Valves: A
Cost-Effective
Way to Enhance
Pressure-Pipe
Performance,”

Uni-Bell Technical

Brief

o

AIR TESTING OF INSTALLED PVC PIPELINES

GRAVITY SEWER PIPE

Air testing is often performed on sewer pipelines to ensure the integrity of
installed materials and to verify that correct construction methods have been
used. Prior to testing, all connections and service laterals should be plugged and
adequately braced to resist test pressures. The document most often specified
for air testing is ASTM F1417 “Standard Test Method for Installation Acceptance
of Plastic Gravity Sewer Lines Using Low-Pressure Air.” In sections 5.2 and 6.1.4,
F1417 specifies an upper limit for test pressure by requiring a pressure regulator

set to a maximum of 9 psig.

P safety Considerations

Although 9 psi is considered low-
pressure testing, there are still significant
forces involved. For example, end plugs
on a 24-inch ASTM F679 sewer pipe
pressurized to 9 psi must be braced
to resist an end thrust of about 3,900
pounds. If a plug were to let go, rapid
expansion of compressed air could push
it out of the pipe forcefully and create a
rush of air — risking injury for anyone in
the manhole structure. Safety dictates
that personnel should not be in a manhole
during pressure testing.

» PRESSURE PIPE

Water pipe is pressure tested for the
same reasons as gravity pipe, but the
pressures are much higher. Typically,
project specifications allow test pressure
to be as high as the pressure class of the
pipe. Using 24-inch DR21 Pressure Class
200 AWWA C900 pipe as an example, the
end thrust would be about 86,000 pounds
(more than 20 times as high as the sewer-
pipe force described above).

P Test PVC Pressure Pipe with
Water Only

The compressible nature of air means
that extremely high potential energy is

stored in the pipe during high-pressure
air testing. According to the Handbook of
PE Pipe, any failure in the piping system
would have dangerous consequences,
since the energy released (compared to
testing with water) would be much greater,
more forceful, and of longer duration.

Even when water is used, it is
important that all air be expelled from the
pipeline during filling and again before
pressure testing. Automatic air-release
valves are recommended. See Uni-Bell
Technical Brief, “Air Valves: Improving
the Performance of Pressure Pipelines.”
Click here to read.

» Air-Pressure Testing of Installed
PVC Pressure Pipe is Expressly
Prohibited for Reasons of Safety

Because it sometimes difficult to obtain
water due to site conditions, the question
of air testing is sometimes raised. For
safety reasons, the PVC Pipe Association
is adamant that PVC pressure pipe be
tested with water only and that UNDER
NO CIRCUMSTANCES SHOULD
AIR TESTING BE PERFORMED ON
PRESSURE PIPE. See Uni-Bell's
Handbook of PVC Pipe and “Installation
Guide for PVC Pressure Pipe.
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ORGANOTIN (TIN) STABILIZERS:

NOT A HEALTH CONCERN

FOR PVC PIPE

VC pipe is manufactured in a process that involves heating and extrusion of
PVC compound. An ingredient used in some compounds in the United States
and Canada is an organotin heat stabilizer. Because there are many different types
of organotin, there has been some confusion about the safety of the organotin

stabilizers used in PVC pipe.

P DIBUTYLTIN DICHLORIDE (DBTDC)

Dibutyltin  dichloride (DBTDC) is
an organotin that may cause adverse
health effects. The fact that DBTDC is
an organotin has led to questions about
whether PVC pipe could be a source
of DBTDC exposure. The answer is no
because:

« DBTDC is not a stabilizer for PVC and
is not used in the manufacture of PVC pipe.

o The organotin stabilizers used in PVC
pipe do not break down to produce DBTDC.

« The tin stabilizers in PVC do not leach
to form DBTDC in water.

» PVC PIPE: CERTIFIED TO NSF/
ANSI STANDARD 61 FOR DRINKING
WATER USE

Product standards for PVC water pipe
require conformancetoNSF/ANSI Standard
61 “Drinking Water System Components —
Health Effects,” which covers all types of
materials used in drinking water systems.
NSF/ANSI 61 sets health-based limits for
chemicals migrating from products that
come into contact with potable water. All
PVC pipe, fittings, and materials are tested
at least once per year for organotins. Pipe
samples are provided by the manufacturer
or are selected randomly by third-part
laboratory auditors during unannounced
inspections of production facilities.

NSF/ANSI 61 requires the total of any

potentially leachable amounts of tin from
PVC pipe be less than the Single Product
Allowable Concentration (SPAC) which is
set based on the type of organotin. (For
the stabilizers used in PVC water pipe, the
SPAC is 4ug/L = 4 parts per billion.)Click
here for a letter from NSF regarding testing
protocols for PVC pipe.

Certification to Standard 61 confirms
that leaching of organotin stabilizers used
in PVC water pipe manufacturing is not
a concern. Not only does the pipe meet
the requirements of the standard, the test
results are consistently “Non-Detect” for
tin.

» ENVIRONMENTAL PRODUCT
DECLARATION FOR PVC PIPE

An Environmental Product Declaration
(EPD) for PVC pipe, certified by NSF
International, states that:

“PVC pipe and fittings are resistant to
chemicals generally found in water and
sewer systems, preventing any leaching
or releases to ground and surface water
during the use of the piping system. No
known chemicals are released internally
into the water system. No known toxicity
effects occur in the use of the product.”

or
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References:
Buried Pipe
Design, Moser;
“Ductile Iron Pipe
for Wastewater
Applications,”
DIPRA; Handbook
of PVC Pipe, Uni-
Bell
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Pipe Stiffness explained:

PVC and ductile iron

ipe stiffness is the measure of a flexible pipe’s resistance to deflection
(ovalization) under load. A flexible pipe is any pipe that can deflect 2% without
suffering damage. Both Ductile Iron (DI) and PVC meet this requirement and are
considered flexible pipes. Some specifications require DI pipe due to its “strength”
in resisting external loads. While this was true in the era of thick-walled DI Class
pipe, the thinner walls of DI Pressure Class pipe have made PVC the stronger

option.

P Deflection limits — advantage PVC
PVC pipe is able to deflect 30% before

experiencing failure (by reverse curvature).
AWWA C605 (pressure pipe) and ASTM
D3034/F679 (gravity pipe) Ilimit PVC
pipe deflection to 7Y%, providing a 4:1
safety factor. On the other hand, DI pipe
deflections are significantly limited by the
linings used:

o Cement-mortar (gravity sewer and
pressure water pipe) — maximum allowable
deflection is 3% due to potential cracking of
the lining. Safety factor is 2:1.

o Flexible lining (gravity sewer and
forcemain sewer pipe) - maximum
allowable deflection is 5% due to potential
damage to the lining. Safety factor is
2:1. Conclusion: DI pipe fails at a lower
deflection than PVC pipe and DI has a
lower safety factor against failure.

P Comparison of Pipe Stiffness —
advantage PVC

Pipe stiffness (PS) is calculated using
the equation: PS = 6.7 El / r3 where: E
= modulus of elasticity (psi) | = moment
of inertia (in4/in) r = mean diameter (in)

Pipe geometry is used to calculate | and
r. Modulus values are E = 400,000 psi for
PVC and 24,000,000 psi for DI.

The chart to the right compares pipes of
about the same pressure class (PC): DI PC
250 pipe and PVC PC 235 pipe. A picture is
worth a thousand words, but engineers like
numbers too:

o For the 14” size, PVC has 1.7 times
DI’s pipe stiffness

o For 24” pipe, PVC has 2.6 times the
stiffness

« For the 36" size, PVC is 3.4 times as
stiff

Fipe Stiffness Example:
DI PC250 ws PWVC PC235
4aa
- |
j._.}{ll)' PV
b [
gzm':: \‘N
$ il e
& | Ductile Iron

13 15 ig 0 14 30 35
Hominal Pige Size finches)

As shown, PVC pipe has higher pipe
stiffness throughout the size range and
PVC’s advantage grows as pipe size
increases.

P Conventional Wisdom — not always
correct

Facts:

1. PVC PC235 pipe has more pipe
stiffness (and therefore will deflect less)
than DI PC250 pipe.

2. PVC pipe can safely withstand about
five times as much deflection as cement-
mortar lined DI pipe.

P Conclusion: For this example, PVC
pipe is the “stronger” pipe.
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PERMEATION OF PVC AND
HDPE PIPE — ADVANTAGE PVC

In the pipe world, “permeation” is the movement of chemicals through a pipe wall
or gasket. Chemical permeation is a design consideration for potable water pipe,
since there may be adverse effects on the fluid inside the pipe.

.}
=

.’JQXQGA

P RESEARCH - GENERAL

Permeation became a concern in the 1970s.
Since then, the topic has been thoroughly
studied and many papers have been published
by independent researchers such as Berens,
Park, Pfau, and Vonk. Some of their findings are:

» Water quality can be affected if organic soil
contaminants permeate through water pipe walls
or gasket materials.

* Most pipe permeation incidents involve
soil contamination from automobile-related
petroleum products.

* PVC pipe is an effective barrier against
permeation of most environmental pollutants,
except for situations involving gross spills
or leaks of a strong swelling solvent in the
immediate vicinity.

* PVC pipe is virtually impermeable at low
organic chemical activities.

* Polyethylene and polybutylene pipes
account for the vast majority (82%) of permeation
incidents.

P GASOLINE-CONTAMINATED SOILS -
NO PROBLEM FOR PVC, MAJOR ISSUE FOR
PE

In 2007 the American Water Works
Association Research Foundation (AWWARF)
published a detailed research project titled,
«Impact of Hydrocarbons on PVC/PE Pipes and
Pipe Gaskets» (Ong, et al).

The report found: «PVC pipes were
impervious to premium gasoline and gasoline
saturated water for over two years of exposure

WAYY )Y
H =
e
e |
g _—

a9

and, therefore, can be used in soils contaminated
with gasoline, regardless of the level of
contamination.» For polyethylene pipe, the study
concluded:

» “Gasoline permeates rapidly through PE
pipes at all saturation concentrations and
contaminated soil conditions.”

* “For practical purposes, there is no level of
contamination at which PE pipe is resistant to
gasoline or chlorinated solvents.”

* “It is important to note that permeation
occurs regardless of external concentration.”

P PVC PIPE GASKETS

While it is true that gaskets are more
permeable than PVC pipe, the AWWARF study
(Ong, et al) indicated that gasketed joints were
less susceptible to permeation than PE pipes.
For PVC pipe joints with SBR or NBR gasket
materials:

+ Gasoline-contaminated groundwater — no
level of contamination will cause the MCL for
benzene to be exceeded.

* Gasoline at full concentration — the MCL for
benzene will not be exceeded as long as there is
minimal flow in the pipe.

P PERMEATION — A CONCERN FOR PE
PIPE

Permeation occurs through PE pipe in the
presence of small concentrations of gasoline
contamination. This makes the use of PE
pipe problematic for many projects where
contamination currently exists or may exist in the
future.

References:
“Prediction of
Organic Chemical
Permeation
Through PVC
Pipe,” Berens,

A.; “Impact of
Hydrocarbons on
PE/PVC Pipes and
Pipe Gaskets,”
Ong, S. et al;
Permeation of
Plastic Pipes

by Organic
Chemicals, Park,
J. et al; “Phase

Il Report on
Evaluation of
Permeation of
Organic Solvents
Through Polyvinyl
Chloride,
Asbestos Cement
and Ductile Iron
Water Pipes,”
Pfau et al;
“Permeation

of Organic Soil
Contaminants
Through
Polyethylene,
Polyvinyl
Chloride,
Asbestos
Cement and
Concrete Water
Pipes,” Vonk, M.;
Handbook of PVC
Pipe, Uni-Bell
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