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SUMMARY AND CONCLUSIONS

A. Data on design features and operéfiona] experience of forty hot
water and steam district heating networks with an overall heat capacity

. of 18,000 MWt have been collected, systematized and'analysed. Piping
networks located in Canada, Denmark, Finland, Frénce, Italy, Japan,
Netherlands, Sweden, U.S.A., U.S.S.R. and West Germany have been analyzed.
The analyses resulted in the following general conclusions:

1.  Four installation methods are in use for district heating
installations as follows: concrete culvert, conduit, directly
buried pipes insulated with powder backfill and rigid concrete -
envelope. Based on reliability and cost considerations, two
of these methods dominate in hot water networks. Conduit
design is typically used for pipe sizes up to 8 inches and
concrete culvert designs for larger piping. The rigid concrete
envelope design is the most widely used in steam systems in
the United States. '

Carbon steel is almost exclusively used as a heat carrier
pipe for both hot water and steam networks.

2. Most of the hot water systems in West European countries are
designed for maximum temperatures of between 230° and 266°F in -
the supply line and 122° to 158° in the return line. Typical
maximum temperatures in the supply and return lines in East.

" European countries are 300° and 160°F, respectively.

The pressure in the piping network varies between 130 to 250
psig during the winter and between 60 and 150 psig during the
summer, '

The central temperature control system is used mostly in
Europe while the variable flow control method is employed in
Japan.
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Polyurethane foam is Wide]y used as an insulating material for
conduit installations for water temperatures hot(higher than
250°F, while calcium silicate is used for higher temperatures.

Novel methods for accommodation of piping thermal expansion
were recently developed and utilized, such as sinusoidal curve
pattern designs and piping prestressing techniques under

hot and cold conditions. In these systems, expansion devices
and loops are eliminated from the network resulting in the
reduction of installation costs.

The reliability of an underground hot water system is determined
by‘the following factors: quality of anti-corrosion protection,
average annual water temperature in the piping network, age of
the network, type of installation, (especially the provision

- of an air gap between the insulation and the culvert during
service 1ife of the pipe), site hydrological and soil conditions,
and the condition of adjoining utility systems. It is of

major importance, if not mandatory, that the contractor be
highly qualified and capable of closely implementing the
requirements of the installation specification. It is equally
important to provide stringent supervision of the contraclur's
work.

Major network components, subject to failure, are the supply
carrier pipes, expansion belluws and piping joints. The major
causes of the failures are as follows: cxternal corrosion as
a result of periodic contact of an unprotected external piping
surface with ground water, insulation failure, failure of co-
located utility systems, and mechanical and structural damage
of the piping installation.

The corrosion rate of steam supply piping is lower than that
of hot water networks. '



The average repair cost per pipe failure is $8,400 .for hot
water networks and $3,800 for steam networks. Thé.average
annual maintenance cost is $9,100 per mile for hot water
networks (varying between one and six percent of the piping
installation cost) and $22,500 per mile for steam network
(1978 dollars). ' !

The higher repair cost for hot water networks is explained by
the nature of the failures in this type of installation. The
failure character (usually pipe rupture) is more complicated
in hot water systems. This results in higher repair costs as
compared with steam networks. The higher maintenance cost for -
steam systems is mostly related to the loss of cbndenSate. In
addition, the steam systems reviewed are much older than the
hot water networks which also contributes to the higher main-
tenance cost.

Based on statistical information on piping failures presently
available, ft could be stated that the most reliable install-
ation method is the concrete cu]vert design followed by the

conduit, r1g1d concrete envelope and ductless types of 1nsta1]at1on.

To increase the reliability of networks already in operation,
the preventative maintenance measures should be performed as
follows: detection of all weak, corroded sections of pipe]iné
" and their prompt removal (by testing in summer); systematic
excavatibn of inspection pits (exploratory excavation) in .-
places where there is a danger of corrosion and where the
replacement of the damaged sections is anticipated to be
difficult; drainage of the pipe runs in every possible way ..
(water removal, laying associated drains, etc.); altering the
operating temperatures of networks, especially in summer.
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9. Based on the data reported, the averagevheat loss figure has
been estimated at 8.8 percent of the annual heat consumption
for hot water systems and 15 percent for steam systems.

_ | i |
B. Analysis of recent European network piping technology, including
discussions and visits to a number of in§t§11ations indicated, that
their experience with large district heating systems has resulted in a
substantial reduction in piping costs compared with the U.S. This has
been achieved by means of a number of relatively small improvements,
which in summation, have resulted in the piping cost reductions.

" 1.~ The major factors which have substantially contributed to the
reduction in the piping installation cost are as follows:

a. Utilization of Tow temperature hot water systems (maximum
temperature of 240° to,250°F‘permitting the use of conduits,
with polyurethane insulation and plastic casings). This
resulted in a substantial reduction in piping installation
cost when compared to conduits with carbon steel casings.

h. lse of minimum trench depth in order to reduce the volume
of excavated and backfilled so1l, and elimination of
shoring requirements.

c. Installation of district heating networks -beneath sidewalks
~ instead of streets, wherever possible, with associated
reduction in excavation, backfill and concrete culvert
costs.

d. Optimization of thé concrete culvert design.

e. Reduction in the carbon steel carrier pipe wall thickness
when compared to typical U.S. piping installations.
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©f. Removal of insulation from the return pipe with associated
' reduction in the insulation and concrete culvert costs.

In this case, the heat losses from the return lines are
increased, and consequent]y the temperature of the

return water is decreased. This may result in an increase
of electrical generation based_on‘heat supply because
lower pressure steam is extracted from the turbine for
heating the return water. Therefore, an economic comparison
has to be performed taking into consideration the reduced
capital cost of piping installation, and the increase in
electrical generation, versus increased heat losses
during the service life of the piping installation.

g. Reduction in the number of expansion devices and manholes.
installed in the network.

h. Development of an extensive, very competitive industry,
which specializes in the mass production of components
and equipment for district heating networks.

Cost estimates for a concrete culvert and a conduit installed
under the city street and sidewalk have been developed for
Minneapolis/St. Paul, Boston, Baltimore, Philadelphia and .
Washington, D.C. utilizing a majority of the above means for
cost reduction. ‘

The resuits,of the estimates have demonstrated that the application
of the above listed design features can result in a cost

reduction of the piping installation of up to 50 percent when
compared with typical U.S. practices.

Generally, the conduit design results in lower installation
cost for pipe sizes up to 8 inches as compared with concrete
culvert method. For larger piping, installation of a concrete
culvert is more economical. '
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From the estimates developed, it is evident that the highest
cost item is the mechanical material, with the next highest
being mechanical craft labor. Cost reduction efforts therefore
should be concentrated on the piping materials and labor to
have the greatest effect. Other major items of expenses
included street excavation, formwork, insulation and concrete.

Sidewalk installation reduces the cost from 10 to 19 percent
of the street installation depending on the street arrangement
and pipe size. The larger the pipe size the laower the cost
reduction since thé civil work forms a lower overall percentage
of the total cost.

Typical savings for concrete culvert installation, if the return
pipe insulation is removed, would be in the range of $10 to
$20 per foot for pipe sizes between 10 inches and 24 inches.

Cost estimates for several alternate piping system designs and
materials have been performed. A comparison of costs
indicates that about 50 percent savings are available when
installing a system with polyurethane foam insulation and
polyethylene casing as opposed to calcium silicate and a steel
casing.

As a practical example, the cost estimate for a district

heating main for Jackson Street, St. Paul, Minnesota was

developed using the concrete culvert design applied beneath a
sidewalk. This estimate includes provisions for specific
interference problems which were investigated by direct

contact with many of the Tocal utilities and by on-site investigation.
The interférence cost contributed about 40% to the specific

pipinyg cost per foot. ‘
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C. The status of fiberglass reinforced plastic, cross-linked polyethylene,
polybutylene, prestressed concrete, polymer concrete and asbestos-cement
piping has been assessed as the most promising non-corrosive materials

for future district heating network applications. The-specific physical

and design features of the above piping materials have been -discussed.

Piping installation costs have been developed where possible and compared
with present typical installations. ‘The assessment analyses .resulted in

the following conclusions:

1.

2.

The major advantages in the utilization of FRP for district
heating compared to the carbon steel piping are as follows:
elimination of electrochemical corrosion problems, reduction

of pressure drop and pumping power, reduction in the heat
insulation thickness required, and reduction in the installation
cost. The major disadvantage of FRP piping is the possibility
of the strength decrease under stress as a function of time

and during cycling pressure and temperature conditions.

Fiberglass pipes using epoxy resins.can withstand a maximum -
‘operating pressure of 150 psi and a maximum operating temperature
of 250°F. For such temperature and pressure, the standard

pipe sizes that are available range from 2 to 13 inches. The
cost of a conduit design with the fiberglass carrier pipe,
polyurethane insulation and polyethylene casing is about 35
bercent more expensive per foot than comparable carbon steel
cé?rier pipe with the same insulation and casing.

The advantages of the cross-linked polyethylene piping are as
foliows: high corrosion resistance, high piping strength,
substantial reduction in piping joints, Tow friction losses.
and subsequent reduction in pumping power, elimination of
expansion devices, reduction in piping weight, easy to handle
and install. The major disadvantages of the cross-linked"
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polyethylene piping are as follows: operating temperature
limitation up to 203°F; low ultraviolet stability, the pipes
must not be exposed to direct sunlight; there are indications
that oxygen diffusion in the pipe causes corrosion of the '
attached fittings. '

Cross-1linked polyethylene piping 1n'siies'up to 1 in. can be
utilized for temperatures up to 203°F and pressures up to 145
psi. Pipes with sizes ub to 4 inches may be used in systems

with temperatures up to 203°F and pressures up to 85 psi. The
pipe is manufactured in lengths of both 150 and 300 ft. The
pipes up to-2 in. in diameter are rolled up in bundles which

can usually be carried by two men. Mineral wool and polyurethane
materials are used for pipe insulation.

Utilization of cross-linked polyethylene pipe in low temperature
district heating systems promises cost reductions of up to 50
percent over conventional carbon steel conduits.

The major problems in utilization of preétressed concrete
piping for hot water applications are as follows: concrete
pipes have to be provided with an internal non-corrosive
lining in order to prevent leaching of calcium and silicate
materials, deposit accumulation, and the rubber sealed joint
has to withstand re]ative]y high temperatures over the service
1ife of the pipe.

Tests are underway to utilize the concrete pipes with an
inner, adherent layer of sand-filled epoxy resin for district
heating applications with temperatures of between 200 and
230°F.

Utilization of conduits with a polymer concrete carrier and
césing pipe results in installation cost éavings of 27 percent
over a conduit design with carbon steel carrier pipe and
fiberglass casing.
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In spite of encouraging results achieved to date, further
technical development and long-term testing is required before
the non-metallic piping materials will be widely utilized in
district heating networks.

The specific problem areas for the prospective piping materials
have been discussed, in addition to the ongoing research and
development programs. ’

It is evident that the development of non-corrosive, cost-
effective piping materials for network applications would
greatly benefit from the establishment of a district heating
test facility in the United States.
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1.  INTRODUCTION
1.1 PURPOSE AND SCOPE OF WORK

This study is a part of the Department of Energy program to assess
the existing and prospective technologies for District Heating appli-
cations in the United States. In 1978 an assessment of the turbine
technology was performed by Burns and Roe, Inc. for the DOE.1 The
purpose of the present study was to analyze the operational experience
of district heating systems and to assess the existing and prospective
piping materials for heating networks. The major goals and the scope of
the study were as follows:

1. Perform a data search and analyze available information concerning
operational experience gained in large district heating networks.

2. Perform cost estimates for typical piping transmission and disfri—
bution systems with emphasis on reduction on the piping installation
cost. '

3. Assess the status of prospective non-metallic piping materials
under development for hot water district heating applications.

1.2 GENERAL CONSIDERATIONS

Utilization of the rejected heat from power plants for district
heating purposes is now under extensive consideration in the U.S. as:one -
of the prime energy conservation measures. A number of the U.S. studies
have demonstrated that the cost of heat generation at the cogeneration
power plant is relatively low (between $1.00 to $1.50 per 100 BTU of
heat).z’3 However, to transmit the heat from the power plant to the
heat load area and distribute the heat to the customers, substantial
capital investment in the piping system is requifed. This factor is
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especially important when the power plant cannot be located close to the
éity. Power -plant citing 'remote from the heat load centers substan-
tially increases the cost of the heat transport system. Practical
experience has demonstrated that the district heating piping network can
constitute between one-third and one-half of the overall cogeneration
system cost.

The United States was the pioneer in the practical applications of
district heating in 1877, and to date about 40 district heating systems
are in operation in this country, supplying approximately one percent of
the total U.S. heating demand. Historically, district heating systems
in the U.S. have utilized steam as the heating medium, while hot water
systems are more commonly used in Europe.

The main advantages of using hot water as a heating medium in
comparison to steam are:

) Cogeneration of heat and power at the power plant is achieved
with a higher thermal efficiency. In a hot water system, low-
pressure steam from turbine bleeds is used for heating the
water which is supplied to the customers. In the steam system,
the steam has to be extracted from the higher pressure bleeds
of the turbine to allow for required pressure drop in the
piping network. ' '

0 Hot water provides the capability of heat transmission vver
long distances with relatively Tow heat losses.

0 A more economical central control system for the heat supply
from the power plant can be used. For example, the relation-
ship between supplied hot water temperature and ambient con-
ditions can be maintained more easily. A



0 The connection of most of the customers to the district network
is simplified.

0 The condensate from the extraction steam can be saved at the
power plants. In many steam district heating systems, the
condensate is not returned to the power plant for a number of
reasons (corrosion problems, collection problems, etc.). To
replace the lost condensate in a steam system, a high quality
make-up for the boilers is required, thus imposing a high cost
penalty against steam systems.

0 Lower surface temperatures on the water radiators in the
residential buildings provide better sanitary and safety
conditions for the inhabitants. In steam heating systems,
organic dust is partially decomposed on high-temperature steam
radiators, and as a result harmful substances are released in
the living space. Therefore, in ‘some countries steam heating
systems are not permitted for use in residential buildings.

0 The hot water network inherently constitutes. a large storage
capacity. The heat storage capacity of the network is directly
proportional to the additional temperature increase above the
water téhperature required by- the customers. The temperature
increase can be achieved during periods of low-Toad demand at
the power station. Usually, the temperature of the water in
the return line is increased by bypassing water from the
supply Tine:. Such a possibility does not exist in steam
networks.

Because of the above édvantages, hot water is more widely used than
steam in large district heating systems in Europe.

The district heating piping network constitutes a substantial part °
of the overall district heating system cost. The district heating pipes
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in a city are usually installed underground. However, the operation of
a district heating éystem differs substantially from other utility
systems. District heating networks are in operation all year-round with
varying flow and temperature. During operation the pipes are subjected
to thermal expansion and undergo thermal stresses. Piping installations
in cities can be complicated by such factors as, soil condition vari-
ations and interferences with other underground facilities.

The reliability of a district heating network is very important in
view of the large number of customers who, in addition to receiving
space heating and possibly cooling, are also provided with domestic hot
water throughout the ycdr. The radius of the heating networks often’
extends up to 20 miles and tens of thousands of consumers are supplied
with heat. As a rule, the main transmission lines, 32 to 40 in. in
diameter, carry heat loads of between 600 to 1000 MWt.

The reliability factor is particularly important in a large system
where the breakdown of a large diameter main can cause interruption of
heat supply to hundreds of buildings for long periods. Experience with
the world's largest hot water district heating system in Moscow, demon-
strates that it takes a minimum of 30 to 50 hours to bring pipes of 24
to 28 in. in diameter back into service after a failure has occurred.

The existing operational experience of district heating systems
provides sufficient material for a detailed analysis of the reliability
of the networks to ensure uninterrupted heat supply to consumers. In
order to assess the operational experience in district heating networks,
a special questionnaire was developed and distributed to about one
hundred district heating utilities in the U.S., Europe and Japan. Both
hot water and steam heat supply networks have been investigated, which
has permitted a direct comparison between these two systems.

The questionnaire covered three major aspects of the district
heating networks: design parameters and features, operational conditions,
and network failure analysis. '
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Forty district utilities with a total heat load of 18,000 MWt
returned the questionnaire providing variable completeness of infor-
mation. The utility replies to the questionnaire can be broken down by
the different countries:

Hot Water District Heating Networks (total 14)
Sweden - 3, overall heat load - 3641 MWt
3, overall heat load - 2944 "

West Germany

Japan - 6, overall heat load - 312 "
Italy - 1, heat load - 182 "
Netherlands - 1

Steam District Heating Networks (total 26)

U.S.A. - 21, overall heat load - 8109 MWt
France - 1, heat load - 2180 "
Canada - 2, overall heat load - 293 "
Japan - 2, overall heat load - 62 "

In addition to this data, the extensive West German and USSR district
heating network experience has been analyzed based on a survey of technical
literature and the author's experience with district heating systems.

In spite of a substantial amount of information assessed, conclusions.
very often could not be generalized since the information is related to '
a particular manufacturer and site. The data bank and analysis of the
operational experience, and design features of hot water and steam district:
heating networks are provided in Sections 2.and 3, ﬂ

Some recent investigations of large hot water district heating
systems in the U.S. have estimated the cost of underground piping networks
as twice as high compared to equivalent European piping installations.

In Section 4 of this report, the piping installation design was opti-
mized in order to reduce costs wherever possible, without jeopardizing
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overall system efficiency, reliability or service life, and employing a
mixture of typical U.S. and European district heating précticeé. Vendor
and Burns and Roe cost data have been utilized in developing piping
costs for five U.S. cities as well as and specific cost for Jackson
Street in St. Paul, Minnesota.

The status of prospective non-metallic piping'matéria]s is presented
in Section 5. This section is based mostly on information from U.S. and
European manufacturers, and research institutions. The following materials
have been investigated: fiberglass reinforced plastic, cross-linked
polyethylene, polybutylene, prestressed concrete, po]ymer concrete and
asbestos-cement piping. It was concluded that further extensive testing
and research is required before the new piping materials will be acceptable
for wide utilization in hot water networks. '



2. DESIGN FEATURES AND OPERATIONAL EXPERIENCE OF HOT
- WATER NETWORKS '

2.1 DESIGN PARAMETERS AND FEATURES

2.1.1 Temperature and Pressure

The district heating piping size is determined by the heat
load and the water temperature drop in the system, which depends in turn
on the type of heat supply control. Different methods of controlling
the heat supply in district heating systems have been developed. The-
simplest and most widely used is the central temperature control system.
In this case, the required amount of heat is provided to the customer by
varying the temperature in the supply network line at the power station
as a function of the outdoor ambient temperature. This means that the
flow rate of water circulated in the district heating system is almost
constant during the heating period. The central temperature control -
system is used mostly in Europe, while variable flow control method is
employed in Japan.

For a given heat load, every effort'is made to increase the
temperature drop between delivery and return lines, thus reducing the
flow rate of the circulating water and as a result the piping size and
the pumping powek. An increase in the delivery temperature provided at
the cogeneration power plant reduces the electrical generation. There-
fore, the optimal delivery temperature is established as a result of '
optimization studies, considering the economics of both the cogeneration
power plant and the piping system.

Most of the hot water systems in West European countries are
designed for maximum temperatures of between 230° and 266°F in the
supply line and 122° to 158°F in the return line (EXHIBIT I). Typical
maximum design temperatures in the supply and return lines in East
European countries, including the USSR are 300° and 160°F, respectively.
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The major reasons for the use of the lower temperatures are the smaller
system sizes and utilization in many cases of polyurethane insulation
which has a temperature limitation of about 250%F. Some of the Japanese
systems and one system in the Netherlands have supply temperatures up to
356° or 419°F; which is explained by the fact that those systems are not
of the cogeneration type and therefore the high temperature does not
affect the economics of the power plant.

The pressure in the piping network which depends on the system
size and operating temperature varies between 130 to 250 psig during the
winter and between 60 and 150 psig during the summer. Only for district
heating systems with high sUpp1y temperature does the pressure in the
network increase to 450 psig.

The optimal pipe diameter and water velocity in the network is
usually determined by an optimization study, which takes into account
the piping cost, the pumping power, and the heat loss in the network,  to
provide the minimum annual cost of the system. Based on the data reported,
the water velocities range from 1.6 up to 13 fps, with an average of 7
fps.

2.1.2 District Heating Standards

Countries utilizing hot water district heating have developed
special piping standards to which the networks are manufactured and
tested. Special consideration is given to preinsulated, prefabricéted,
pipe-in-pipe type conduits.

In the United States, the Federal Construction Council of the
National Academy of Sciences has developed a set of special recommendations
for the design and installation of underground heat distribution systems.4



Finland, Denmark, Sweden, West Germany and the United Kingdom
have established special working groups within the National District
Heating Associations which are responsible for developing, improving and
updating the existing heating network standards.

Efforts are under way to develop a European district heating
standard. On May 17, 1979 during the International District Heating
Congress (UNICHAL) in Stockholm, a meeting of the European standards
committee, with representatives of most European countries involved in
district heating, took place.

2.1.3 Heat Carrier Pipe Materials

Metallic pipes commonly available for district heating systems
.are usually made of steel, iron, copper or copper alloys. Some steel
and cast iron pipes are available at standard sizes up to 30".5 Copper
pipe because of its high cost, is available at smaller standard sizes
up to 6".6 Pipes larger than standard sizes are still available, but
involve a Tonger delivery period. Large systems use pipe sizes up to
40" in West Europe and up to 56" in the USSR. -

Low-carbon steel pipes are the most extensively used among the
ferrous materials. Seamless, longitudinally welded and spirally welded
pipes are utilized. According to pipe manufacturers' information,
spirally welded pipes have mechanical and physical properties equal at
least to those pipes manufactured from similar steel by other processes. -
The manufacturer further indicates that a spiral welded pipe is subject
to less stress from internal overpressure than a longitudinal welded
pipe. However, the major problem with Tow-carbon steel pipe is its poor
resistance to corrosion.

When the carrier pipe is made of steel, American district
heating systems usually utilize a higher schedule than that of their
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European counterparts. Some American pipe manufacturers produce schedule
40 or 80 pipes for high temperature hot water applications as their
standard preinsulated pipes. In contrast, thinner-walled pipes are used
in European district heating networks. Usually a wall thickness equiv-
alent to schedule 10 or between schedules 10 and 20 is utilized. Typical
dimensions of carrier steel piping utilized in West Europe7 are presented
in Table 2-1. Following the trend in reduction of pipevthickness, there
is a Swedish company that manufactures pipes of schedule 10 (for pipes
with diameters of 20" and 24") and below (for pipes with diameters below
20") as standard pipes for hot water app]ications.s‘

The difference in schedules of the steel pipe allows the
European district heating enterprises to incur a lower capital cost in
piping than that of their American counterparts. The reduction in piping
schedule requires, of course, special attention to the network design
and maintenance prdctices in order to prevent groundWater penetration to
the external piping surface. ’

Most of the steel carrier pipes in West European district
heating systems do not have any protective'anti-COrrosion coating except
for some cases where rust inhibiting paint is used. In the USSR different
protective c¢oatings are used fur corrosion protection of the pipe including
heat resistant glass enamel, which should be noted, increases the
piping installation cost.

The piping joints arc welded and prefabricated hends are nften
utilized. Japanese utilities are using argon welding for. piping joints.
Practically all utilities have reported that the pretabricated piping 15
tested at the factory, and the piping system at the site is hydrostat--
ically tested and ‘the welds are x-ray examined (usually about 10 percenf
of the welded joints are x-ray inspected).
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~ Table 2-1

PIPING USED IN EUROPEAN DISTRICT HEATING NETWORKS

WELDED STEEL PIPING

1.1 DIMENSIONS: DIN 2458
Outer

Nominal Diameter Wall Thick-
Pipe Size, in. in. ness, in.-

28 28.00 0.346

24 . 24.00 0.280

20 - 20.00 0.248

16 . 16.00 0.248

14 ' © 14.00 - - 0.220

12 - 12.75 0.220

10 10.75 0.197

8 8.63 0.177

6 6.63 0.157
1.2 Material: St 37-2, DIN 17100/66

Other tachnical terms of delivery:
DIN 1625/65, sheet 3

Receipt: DIN 50049/60, point 2

Welding seam:

- The seam can be either longitudinally or spirally welded

- In the event of spirally welded tubes, the weld must
be 100 percent x-rayed

- The welding seams must meet at least the x-ray classi-
fication 4 according to IIW :

- The external welding bead should not exceed 20 percent
of the wall thickness of the pipe

Length: 33 to 46 ft.

Ends of tubes: Calibrated and bevelled according to DIN
2559/62, form 2

Straightness of tubes: Straightna2ss tolerance 0.59/33 ft.

Pressure test: Evsry tube must b2 hydraulically tested to
at least 25 kp/cm” cold water at the factory

' Surface treatment: Outer surface treatment of tubes

must be done &t the factory after fabrication with such
rust preventer which protects the tubes in transit and
during a short stocking at the customer. . .

must be done at the factory after fabrication with
such rust preventer which protects the tubes in
transit and during a short stocking at the customer.

2. - 'SEAMLESS STEEL TUBES
2.1 DIMENSIONS: DIN 2448/61
' Outer
Nominal Diameter Wall Thick-
Pipe Size, in. in. ness, in.
6 6.63 0.177
5 5.50 0.157
4 4.50 0.142
3 - 3.50 0.126
2-1/2 3.00 0.114
2 2.37 0.114
1-1/2 1.90 0,102
1-1/4 1.67 - 0.102
1 1.33 0.102
3/4 1.06 0.09
1/2 0.84 0.079
2.2 Material: St 35
2.3 Other technical ‘terms of delivery: DIN 1629/61, sheet 3
2.4 Receipt: DIN 50049/60, point 2
2.5 Length: 20 to 40 ft.
2.6 Ends of tubes:
- nominal pipe size 6 in.: calibrated and bevelled
according to DIN 2559/62 form 2
- nominal pipe size 5 in.: 15 straight, smooth
2.7 Pressure Test: Every tube mEst be hydraulically
tested to at least 25 kp/cm” cold water at the
factory .
2.8 Surface treatment: Quter surface treatment of tubes
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Copper pipes are used extensively for district heating distribution
systems in Europe and Japan. Utilization of copper piping in closed
district heating networks carrying deaerated water increases substantially
the corrosion resistance of the network. Copper pipes are generally
used for temperatures up to 250°F and pressures up to 230 psi. Copper
pipes are prefabricated in conduits and are delivered in large coils of
about 80 ft. lengths depending on the pipe size. The pipe sizes range
between 1/2 and 3 in. Larger sizes are supplied in straight lengths.
Installation of long pipe sections reduces substantially the number of
Jjoints and provides a possiblity of bending the pipes in a sinusoidal
pattern for thermal expansion purposes.

Dcpending on the operatinn temperature and pipe size, copper
joints and fittings are usually connected by either brazing or with
socket type fittings.

Stainless steel 1is used for small pipe sizes, and is available
from West Germany in a conduit configuration. The pipes are flexible
and can be buried directly in long continuous lengths, following curves
and slopes similar to an electrical cable. Connections are made with
standard fittings. The casing is corrugated steel with extruded polyethy-
lene jacket. Corrugated copper in small pipe sizes is also utilized as '
a carrier pipe in the same "cable-pipe" fashion.

Cast iron, one of the earliest materials used in metal pipes,
has a high resistance to atmospheric and soil corrdsion and acceptable
strength, but is brittle. Ductile cast iron pipes have reduced brittle-
ness and are stronger than cast iron. i

Recently a preinsulated conduit with a ductile cast iron
carrier pipe has been developed in France.9 The conduit has rigid
polyurethane foam insulation and may be utilized for hot water temperatures
up to 230°F. The pipes are connected with a bell/spigot type joint
using a rubber gasket.
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Wrought iron has high corrosion resistance and: it 1S applicable
for district heat1ng installations but it is rather expensive, espec1a11y '
the p1pe f1tt1ngs C

2.1.4 Piping Installations

The district heating pipes in a city are usually installed
underground; A buried pipe must be protected from groundwater and
mechanical damage by enclosing it inside a conduit, cu]veft, etc.
Insulation on the pipe is needed to minimize the amount of heat loss ;
~ from the water, especially if the pipe is buried above the frost line.
Different piping installation designs are used to protect the insulation
~and the pipe from damage and grdundwatér which tends to degradé'the v
insulating quality of the material. The piping installation requirements
could be summarized as follows: ’ '

0 Preventioh of water penetration to the piping
surface.

0 Provision of efficient heat insulation.

0 The network components which require. high quality
should be manufactured at the factory and must be
transportable. ' ‘

0  Have reasonable installation cost.

" Most of the European systems are utilizing concrete culverts
for p1pe 1nstal|at1ons (Exhibit I). This method, for example, is almost
exclusively used in West Germany. 10 Concrete culverts are used for pipe
sizes of 10 in. and larger, and conduit designs for smaller size pipe
installations. Japanese district heating systems of relatively small
size are usihg mostly steel cased conduits. One Japanese company is
utilizing ductless installation with powder backfill insulation. Tunnels
- are used whenever possible, especially in the Stockholm district heating

system. ' '
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From the reliability point of view, it is very important that
the piping installation be drainable and dryable. Most of the utilities
surveyed provide for this, however, some indicate that pre-insulated
systems do not meet this criteria. Most of the systems provide an air
gap between the insulation and the culvert, but some pre-insulated
- systems do not.

A majority of utilities consider their piping systems resistant
to groundwater infiltration and the spread of water. The preferable -
type of installation which has a resistance to water damage, corrosion
and mechanical or structural damage is considered to be Lhe concrete
culvert. One utility points out that in a concrete culvert, wool insulation
can eéasily be dried vut. Uther piping installations meat the above
criteria to some extent. One utility has reported that conduit design
is not resistant to corrosion. '

The existence of groundwater drainage along the piping network
is an important factor 'in ensuring the reliability of the system.
However, 70 perceht of the networks surveyed have no drainage system.
_Some utilities rely on the culvert itself as a good means for water
drainage. The concrete culvert design is considered by most utilities
to be simple in installation and in repair.

Concrete Culvert Installatijons

The main advantages of concrete culverts are strenyth, durability
and the prevention of water penetration to the insulation. Typically,
concrete culverts are designed for a wheel load of ]5,000 1b. plus a
forty percent increase for dynamic¢ load cons1deration.7 In order to
make the culvert installation watertight, the breaking strength of the '
concrete should be about 300 kp/cm2.

Concrete culverts cast at the construclion site (Figure 2-1)
are the most expensive, but when properly constructed, provide the most
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CONCRETE CULVERT CAST-IN-SITU

FIGURE 2-1

- Mineral
3 - Asphalt millboard

2

1 - Carbon steel pipe:
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wool insulation
4 - Concrete culvert;

- Concrete

5
covers; 6 - Water drain pipe
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watertight so]ution.]]

This installation is the best solution in exceptionally
wet ground or in places where extreme strength is needed. The culvert

should be waterproofed and usually a PVC band is used to seal the seams

between the walls and the cover, and the joints between the culvert

sections.

To reduce the installation cost, semi-fabricated culvert is
often used. This installation consists of a cast-in-situ base and of a
prefabricated cover. As an example, a Danish semi-prefabricated culvert
installation is presented in Figure 2-2 and described be]ow.]2

The installation of the piping systems is provided as follows:
Prefabrication of the top cover. The concrete culvert is assembled

from two components. The top cover, which requires the highest quality
is prefabricated at the factory from reinforced concrete and it is

waterproofed. If no in-leakage takes place, the culvert internal environ-
ment will be dry and non-corrosive with a temperature of about 100°F.
Chemical resistance of the culvert should be provided if the soil components
are acidic and road salt is used for snow melting. The cover element is
usually 20 ft. Tong and weighs about 5700 T1bs. These dimensions permit

a truck with crane to transport and assemble the top cover. The length

of the cover can be adjusted to local conditions, in lengths of about 20

to 25 ft. for hard foundations and shorter lengths of about 10 ft. for

soft foundations. This reduces the risk of settling faults and of water
penetration into the culvert.

Excavation and Drainage. A plastic sheet and steel forms are
installed on top of the crushed stone (Figure 2-3a). The form includes
slots for componenfs, drainage grooves and rim demarcation. Ihe concrete
is then poured and smoothed. The culvert joints, even if properly
sealed, may become loosened during the service which could result in water
penetration into the culvert. Therefore, the design musl have provisions
to drain the water within the culvert to a manhole, and a 0.01 slope
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FIGURE 2-2 SEMI-PREFABRICATED CONCRETE CULVERT



FIGURE 2-3 CONSTRUCTION OF A SEMI-PREFABRICATED CULVERT

2-12



should be provided. The drain grooves are connected to the sewage
system through inspection wells.

Pipe Installation and Insulation. Polyurethane insulation can

be used within suitable weight grades which has compressive strength
enough for the insulation to support heating pipes on saddle-shaped
concrete base plates.

Polyurethane liners are supplied grouted in a protective'

casing of either bituminous felt or aluminum foil in lengths of about 3
ft. (Figure 2-3b). The liner is split lengthwise 1ike other insulating
pipe covers, and can thus be hinged directly on the pipes. The opening
in the liner is placed downwards so that a couple of bindings with tape
per component is sufficient to keep the two halves of the liner closed.
Glass wool or mineral wool insulation is used for temperatures above '
250°F. An external jacket is usually not applied so that moisture can
always evaporate. A plastic sheet, however, is often used to cover the
top of the'pipe insulation for protection against the possibility of
water dripping on the pipes.

Placing the Covers. The covers are placed 4 to 8 inches apart

(Figure 2-3c). Just before positioning, cement mortar is applied to the
outermost grooves. The mortar is immediately removed from the outside,
and, at the same time, an 8 in. deep groove is etched.

Joints. After the cemenl wortar hardens, hot asphalt is
poured into the groove, thereby completing the longitudinal joints. The
joints between the covers are also waterproofed. This is accomplished -
with a thick, 10 in. wide glass fiber reinforced band of bituminous
material which seals the two components. To protect the bituminous band
from stone damage during the backfilling, a 4 in. wide polyester liner
is taped over the joint. A 20 in. wide bituminous felt band is placed
over the pipe joints as further protection against any water penetration
(Figure 2-3d). ‘



Backfilling. The area along the base plate is cleaned out.
The excess plastic sheet is scraped off and about 4 in. of crushed stone
is placed over the base plate. The trench is then filled in with sand.

The culvert is designed to withstand an axial load of 22,000
1bs. and a cover pressure of about 100 psi. The strength of the concrete
in the cover is 250 kp/cm2 and in the base plate about 150 kp/cmz.

This corresponds to European Common Market regulations for road loads.
The minimum earth cover required is 1.6 ft. The culivert, however, may
be installed as deep as 30 to 50 ft. When exposed to earth pressure,
the culvert is considered as a double joint arch for static forces. For
wheel pressure, the culvert's spatial effect has been considered. In
addition, the culvert is also designed to withstand a restraining force
of 2 x 32,000 1bs., which represents the test pressure on the axial
expansion devices in the heating pipes. This force is absorbed in the
base plate through a cast vertical steel girder. The concrete base is
reinforced at the points of attachment. No other reinforcing of the base
plate is provided.

A prefabricated concrete culvert is presented in Figure 2-4.
Dimensions of the culvert for pipe diameters between 6 and 28 in. are
13,14 in Table 2-2. The length of the prefabricated elements vary
according to pipe size from 7 to 15 ft. The cross and longitudinal
joints of the culvert are sealed with a rubber bitumen band. The cross
culvert joints are also protected with cement mortar.

given

Vent stacks are usually installed to permit humidity to escape.
trom the culvert. They may be used also for forced drying, when necessary.
For that purpose, compressed air is blown into one vent stack.

Conduit Installations

In the last 10 to 15 years, various types of conduit installations
have been developed and extensively used for pipe sizes up to about 8 or
10 in. (Figure 2-5).
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Table 2-2

DIMENSIONS OF A TYPICAL PREFABRICATED
CONCRETE CULVERT (FINNISH STANDARD)
CARRIER PIPE DIAMETERS OF BETWEEN 6 AND 28 IN.

Nominal Pipe ‘ Dimensions;'ih;
Diameter e h 1 a_ b - n m
28 85 50 84 37 71 20 37
24 73 44 72 34 2. 18 31
20 67 38 64 29 54 15 27
16 55 32 52 24 43 12 22
12 49° 27 45 20 37 10 19
10 43 24 39 17 31 9 15
8 40 21 34 15 27 8 13
6 | 36 18 29 12 22 6 - 11



FIGURE 2-5. TYPICAL PREFABRICATED CONDUIT

1 - Carbon steel carrier pipe; 2 - Polyurethane
insulation; 3 - Polyethylene casing



A conduit comprises a jacket or casing enclosing the heat
carrier pipe which may or may not be insulated. The conduits are completely
prefabricated.and‘tested at the factory and only jointing is performed
at the installation site. This allows quicker installation of the
pipes, making it cheaper.than insulating the pipes in the field.

The selection of the proper casing material is essential if
the pipeline insulation system is to perform its specified function over
the projected life of the line. In the absence of a casfng, electro-
chemical corrosion. of the metallic carrier pipe arises from fhe seepage
of ground-water through an absorbent insulation, thus shortening the
line life. |

Current technology encompasses a wide range of casing materials.
At present, the following matelr'ia]s]5 are used to protect the insulation
and to prevent water penetration:

Tubes

Extruded HDPE (high density polyetheylene); extruded LDPE (low
density polyethylene); extruded PVC (polyvinylchloride); extruded polypropylene;
aluminum; carbon steel; corrosion coated carbon steel; stainless steel;
asbestos cement; fiber reinforced epoxy or polyester.

Wraps and Films

Polyethylene film and tape; polyvinylchloride film and tape;
~bitumastic impregnated paper; polybutylene film and tape.

Coatings _
Bitumastic blends; fiber reinforced polyesters (FRP); fiber
reinforced epoxy (FRE); flexible urethane elastomer.

With the exception of carbdn steel, all of the above-mentioned
casing materials have excellent resistance to electrochemical corrosion.
However, with a coating of epoxy-type resin, reinforced with fiberglass
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cloth or an outer wrapping of asphalt impregnated, fiberglass reinforced,
asbestos pipe line felt, carbon steel exhibits improved corrosion resistance.
It is generally good practice to provide coating and cathodic protection
for carbon steel pipes. Coating alone does not provide adequate protection
since accelerated failures often occur at coating flaws. An appraisal

of the effectiveness of outer casing materials for insulated pipes is
provided in Table 2-3. It should be noted that although wraps and films
are anti-corrosive, they do not proVide sufficient corrosion protection

for the piping. Asbestos cement conduit is not recommended where soil

pH is below 5.0. Utilization of asbestos cement is prohibited now in

some countries because of reports that show it may be carcinogenic.

Casings are manufactured as smooth-walled (Figure 2-6)'16 or

corrugated (Figure 2-7). Corrugated casings are flexible as a

result of the inherent action of the corrugations.

Some manufacturers produce conduits that allow an air space
between the insulation and the casing. This is a desirable feature 4
because if there is any water in the insulation layer, it is evaporated
into the air gap. However, conduits without an air gap are also exten-
" sively used. '

As an example, a conduit without air gap is widely utilized in

19,20 The prefabricated conduit

West Europe and described as follows.
consists of a carbon steel carrier pipe and a polyetheylene casing
moulded together with the insulation. The conduits are installed directly
into trenches with a minimum cover of about 1.3 ft. surrounded by

homogeneous stone-free sand. A minimum 4 in. sand bed is also required.

After butt-welding the pipe sections together, the joints are.
completed with a steel fitting, which is coated with a thick ductile
layer of polyethylene. Prior to installation at the steel fitting, an
elastic sealing compound is applied to all joint surfaces as an added
safeguard against the ingress of water (Figure 2-8). For large pipe
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Table 2-3

AN APPAZSAL OF THE EFFECTIVENESS OF CAS:iNG
MATERTALS FOR INSULATED CONDUITS>

DESIRED CHARACTERISTICS
Leak Permea- Impac= u.v. Abrasion chemical Corrosion  Bend- Repair-
Proof bility Resistance Resistance Resistance Resistance Resistance ability ability

TUBES
HDPE E E E E E G E E G
LDPE E E E G G G E G G
Polypropylene E E E F G E E P E
PVC E E G F G E E P E
FRP G E F F G G E P G
FRE E-F* E F F . G G E P G
Aluminum - E-F* E G E "G G E P F
Carbon Steel E-F* - E E E E F P P F
Corrosion E-F* E E E E G E P F
Coated Steel
Stainless Steel E-F* E E E E E E P F
Cement : F E F E G E E P P
WRAPS AND FILMS
P.E. Film p p p p p G E p p
PVC Film F P P P P G E P P
Bitumastic F P P G P P E P P
Paper . ‘ '
Polybutylene F P P P P : G E P F
COATINGS | ‘
Bitumastic T P G P p 6 P @
FRP . G G , F F G G 4 E P E
FRE G G . F F G G E P E
E = excellent P = poor -
G = good * - depending on type of manufacture
F = fair



10 gauge (min.) steel conduit.

Air space.

Insulation, as specified.

Pipe, as specified.

20 mil (min.) cold-setting epoxy coating rein-
forced with fiberglass cloth.

6. 6 mil (min.) epoxy coating on inside of con-
duit surfaces.

o h LN

FIGURE 2-6 SMOOTHWALL EPOXY COATED CONDUIT

Courtesy of Ric-Wil, Inc.
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HD polyethylene casing

Glass wool insulation
Copper tubing

End seal

FIGURE 2-7 CONDUIT WITH A CORRUGATED CASING

Courtesy of Aguawarm, Sweden

2-22



\FIGURE 2-8

INSTALLATION PROCEDURE FOR SMALL SIZE CONDUITS

Courtesy of i.c. mgller
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sizes the joints are sealed by the application of a robust shrink sheet.
An aluminum sheet with filling holes is placed around the pipe ends.
The sheet is tightered by means of a steel-strapping machine and then
riveted. The foam liquid is poured through one of the filling holes.
Afterward the shrink sheet is placed around the insulated joint (Figure
2-9).

For larger pipe sizes, preinsulated bend fittings and branch
fittings are supplied. The branch fittings are manufactured with a
combination of main and branch pipes (Figure 2-10). Where expansion
movements ot the pipe system cannot be absorbed by expansion loops,
prefabricated expansion devices are installed. They are welded into the
pipe system as a pipe section. The expansion bellows is a sealed water-
tight unit in a robust insulated jacket and it is delivered in the pre-
stressed form. The expansion unit is typically installed midway between
anchor points.

Preinsulated ball type isolation valves are also provided
which are installed directly in the ground. The valve consists of an
all-welded casing and a polished stainless steel ball, fitted with
spring loaded teflon seats which make the valve watertight. When back-
filling, the spindle of the isolation valve must be led up to surface
protected by a polyethylene-pipe. When making roads or pavements the
spindle must be terminated in a cover of suitable dimensions with space
where possible for operation of one or more valves.

Anchoring of the pipes is achieved by welding in preinsulated
anchors (Figure 2-10). The anchor flange is welded to the steel carrier
pipe.

A different type of conduit utilized in West EuropeZ] is
presented in Figure 2-11. The culverts are manufactured for one, two or
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FIGURE 2-9 INSTALLATION PROCEDURE FOR LARGE SIZE CONDUITS

Courtesy of i.c. m#ller
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FIGURE 2-10 PREINSULATED ELEMENTS OF THE CONDUIT SYSTEM

Courtesy of i.c. mgller
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FIGURE 2-11 DOUBLE CASING CONDUIT

Courtesy of OY Fiskars AB,
Finland
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four pipes with dimensions from 1 x 5 in. up to 1'x 10 in., 2 x 1 in. up
to2x8in. and 2 x1.5x 1 in. up to 2 x 4 x 2.5 x 1.5 in. Polyester
tubes with a high percent of glass reinforcement are used as internal
casing to protect the insulation material from mechanical and thermal
strain caused by the steel tubes. The insulating material is a hard
polyurethane foam. The outer casing is made of LD-polyethylene, which
is resistant against stress cracking and chemical corrosion. The culvert
has a built-in pipe for water drainage. Problems have occurred in the
past in which the casing did not withstand handling at temperatures down
to -4°F. For this reason, the glassfibre casing was changed to HDPE and
T turn to—LPPE.

The conduit elements are fitted on the carrier pipe as the
welding proceeds. The prefabricated conduits are about 30 ft. Tong and
they are jointed with rubber bitumen felt. The joint is protected with
reinforced concrete or with shrink sleeves of polyethylene. The advan-
tages of this system are the small space requirement and relatively long
prefabrication length. It has proved satisfactory in branch piping
between the main 1ine and buildings.

Proper backfilling of the conduit is a very important procedure.
The manufacturer's specifications have to be followed with care in order
to achieve the required protection for the pipe. For example, a sand
bed may be required before laying the conduit. Then another layer of
sand is poured over the piping Tline and compacted to whatever relative
density is specified by the manufacturer. The remainder of the trench
is then backfilled with topsoil and compacted. While some manufacturers
do not recommend vibratory or tamping equipment for fear that the equipment
may drive small stones into the pipe wall, other manufacturers do not
restrict the use of such equipment. This usually depends on the conduil
design.

Directly Buried Pipeline Insulated with Powder Backfill

The insulating materials existing in granular form may be
hydrocarbon (asphaltic material of high resin content) or inorganic in
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nature. Both types of insulating material are used as part of the
backfill of the trench holding a buried pipe.

A necessary condition in using asphaltic material is the
detection in their composition of aggressive impurities (sulphates and
others), carbenes, and carboids. An indication of purity is the solu-
bility in benzene, which should not be less than 90 percent, and ash
concentration on calcination, which should not be higher than 5 percent
by mass. When utilizing asphaltic material, curing is required, which
is provided by maintaining a controlled temperature in the carrier pipe.
Curing allow the formation of a consolidated anti-corrosive coating on
the pipe, surrounded by a semi-porous intermediate zone that has some
insulating value, and an external zone or loose aggregate. This external
zone guarantees retaining most of the heat-insulating and load-bearing
capabilities of the structure (Figure 2-12). This method can produce
the required three-zone condition only if the curing temperatures are
carefully controlled. A major problem is that the melting point of
asphaltic materials can vary by more than 100°F. So even with carefully

graded material, the desired curing may not be um'form.22

A similar method utilizing the homogenous mixture of bitumen

and cork as a backfill insulation is widely used in Europe (Figure 2-
23
13¥.

The inorganic insulating material does not require any curing.
It is poured into the trench intn a form built around the carrier pipe
to establish the configuration of the insulating envelope. The form is
filled to whatever level is recommended by the manufacturer for a ceftain
size pipe. The system depends on the inherent water resistance of the
insulating material to keep water out. Since the resistance of the
material to water infiltration can break down under water pressure, such
systems will not perform satisfactorily if the groundwater level is of
such a height that an excessive head of water is imposed. Even if the
system is not below groundwater level, a drain pipe should be installed
to take away any water that may otherwise accumulate.
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Consolidated Zone.

Sintered Zone -

Pipes

DIRECTLY BURIED PIPELINE INSULATED

WITH HYDROCARBON BACKFILL

FIGURE 2-12
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BURIED PIPELINE INSULATED

WITH BITUMEN AND CORK

DIRECTLY

FIGURE 2-13

Courtesy of Lebit A/S
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Rigid Concrete Envelope

The poured concrete envelope provides a physical barrier
against water contact with the piping (Figure 2-14). Reinforcing bars
are included in the structure to prevent cracking of the concrete result-
ing from the thermal gradient imposed between the piping and the ground.
An air gap is provided between the insulation and the concrete to permit
thermal expansion of the pipe. Pipe supports and anchors are also
provided to control movement of the pipe towards the expansion joints.

In this type of inslallalion, concretc may also be utilized as
an insulating material. This design has a concrete slab base to support
the carrier pipe, which is surrounded by an envelupe of insulating
concrete. The most common insulating concrete used is a mixture of
portland cement and vermiculite (expanded mica). The density of the
mixture can be varied to be either firmer for better pipe support, or
more yielding, to absorb thermal expansion. To minimize water penetra-
tion, either the carrier pipe or the concrete envelope is protected with
a cover, such as asphalt-impregnated felt.

One attempt at constructing a watertight system of this type is a
new insulatinyg cuncrete employing a polystyrene bead agqgregate. This
new product is highly water resistant.24 Another attempt consists of
pouring insulating concrete into an elliptically shaped shell of fiber-
glass-reinforced epoxy to which a fitted cover with seal forms a complete
outer casing. Drains are provided at the bottom of the shell.

Leakage Detection System

A Teakage detection system installed with the piping system is
most useful. It saves time in identifying the source of the leakage.
The sooner a leakage is detected, the lesser the damage to the piping
system. Moreover, it also reduces the disruption in service time.
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One type of leakage alarm system used by several manufacturers
utilizes two cdppef wires. They are centered in the insulation on
opposite sides of the steel tube (Figure 2-15). The Teakage detection
system uses an electronic digital fault locator, which is the heart of
an integrated alarm system. It monitors the complete piping system and
at the same time combines the fault indication with an immediate locali-
zation of the fau]t.]g’26

2.1.5 Current Excavation Practices

The depth of soil cover for underground piping very much
éffects the overall piping cost and is therefore of great importance.
The depth of a trench depends on the size of the pipe, thickness of the
éonduit or culvert, the frost line of the particular area, and the type
of traffic involved in the area. The force acting on a buried pipe is
the summation of the live load (e.g., axle load of a vehi-cle) and the
dead load (e.g., the weight due to backfill). The live load acting on a
buried pipe decreases as the earth cover increases. Conversely the dead
load on the pipe'increases with depth of earth cover. For example, for
a pipe buried under highways traversed by trucks, the force acting on
the pipe is mainly due to the live load for the first 2 to 3 feet of
earth cover. From 3 to 10 feet of earth cover, both the Tive load and
the dead load due to backfill are of equal concern in determining the
structural integrity of the pipe to withstand the two loads. With this
range of earth cover, the live load acting on the pipe decreases, but
the dead Toad increases, such that the summation of both loads may be
almost constant. However, when the earth cover increases beyond 10 to
12 feet, the pipe experiences mainly the dead load acting on it. The
live load has a negligent affect on the pipe at this depth.

If a conduit or culvert is used to protect the buried pipe,
the depth of earth cover can be varied according to the strength of the
conduit or culvert. An economic analysis has to be done to determine
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FICURE 2-15 LEAKAGE DETLECTION SYSTLEM

a. Leakage Detection Wires
Courtesy of Lubonyl

b. Network Leakage Detection Example
Courtesy of Brandes Co.,
West Germany
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the optimum depth of earth cover and the thickness of the conduit or
culvert.

The current survey indicated that the depth of the cover
varies for different systems from.1.6 to 10 ft. in the urban areas, and
from 1.6 to 5 ft. in suburban areas. The average depth however is about
4 ft. based on data reported by 12 of the utiiitiés. It should be
mentioned that in many European systems the depth is even less.

Trenching. The major advantages of the trenching method are
the ability to use specialized machines for rapid éxcavation and the low
- cost involved in this type of excavation. Speed in excavation would be
reduced in congested areas where large numbers of underground utility
lines may be installed already. In such a case, great care should be
given during excavation to ensure that there are no damages to the
-utility lines, which would result in discontinuity of services.

In city streeté, where they are paved, excavation commences
after the paving material is cut. Where possible, any excavated earth
will be pifed on the street while trenching. Where street space is not
available, the removed earth has to be hauled to some other location and
then transported back to its original location when backfilling.

When the overall depth of a trench exceeds 5 ft., sheeting or
alternate means to shore and brace the sides of the trench are necessary
to meet OSHA requirements. In rural areas where é permanent street
surtace does not exist, the sides of the trench may be sloped at an
angle of 45°. This approach is less costly than the use of sheeting,27
but it is not practical in urban and suburban areas because of the
excessive width of the trench required.

. Plawing-in. A modification of the trenching method is the
plowing-in technique. The beauty of this technique is that an open
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trench is not excavated. In this method, a plow is inserted into the
earth to the desired depth. As the plow advances along its entire run,
it separates the soil. The plow does not turn the soil though.

28 In

Two methods are used to place the pipe in the opening.
the first method, called "pulling-in," the pipe is pulled through the
entire length of the opening created by the plow. "Pulling-in" is
usually used with large diameter pipes only. Such pipe sizes cannot be
fed from reels as is used in "feeding-in", the second method. 1In
"feeding-in," the pipe is fed into a "cable shoe." The pipe is laid
.a1ong the bottom of the slit as the shoe moves through the earth. This -
is satisféctory for small size pipes which are delivered in coils, like
copper,29 polyethylene, and polybutylene. Such a technique can be used

to install more than one pipe simultaneously.

An advantage in plowing-in is that as it does not eliminate
surface disturbance, the total amount of earth moved is minimized.
However, plowing-in can be used in streets only if the paving material
is removed or cut beforehand. o

Tunneling. Tunneling requires three-essential steps to be )
undertaken. First, material at the face of the tunnel has to be excavated.
Second, the excavated material from the face of the tunnel has to be
removed and hauled to the surface. Third, the structural integrity of
the opening of the tunnel has to be maintained for reasons of safety and
operability. '

Economic methods still have to be developed to produce long,

small diameter tunnels.?® Tunneling,.is more commonly used when the
depth of the installation is too great for trenchihg.
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2.1.6 Insulating Materials

Polyurethane

Polyurethane foam is commonly used as an insulating material
by pipe manufacturers. The popular use of polyurethane in the United
States and Europe is a result of its low thermal conductivity of 0.18
BTU/in/hr/ftz/oF that can generally be obtained.5 However, the material
age and operating temperature also significantly affect the resultant
thermal conductivity. Consequently, polyurethane is used for pipes with
operating temperatures not higher than 250°F, in order to retain its
insulating quality. '

The polyurethane foam componentg must be properly weighed or
metered, and thoroughly mixed at c]ose]y controlled temperatures, to -
produce a foam with optimum physical properties.

There are basically three methods for the machine manufacture
of foams, i.e., froth, spray, and foamed-in-place. Froth foam is produced
by mixing the 1iquid components with either a volatile liquid ur a
secondary blowing agent in the mixing head so that the foam is dispersed
in a partially expanded state. A spray foam system, as with any other,
requires the accuratebmetering of components, but the temperature control
of the components is more critical than in the other processes. The
mixing of the components is normally dependent on the viscosity of the
streams, and therefore the temperature of the components (which controls.
their viscosity) also controls the mix. Foamed-in-place refers to a
system where the liquid cbmponents are accurately metered and mixed in
the mixing head, dispensed as a liquid and placed in the mold in the
liquid state. This method is superior to the froth and spray methbds _
only when properly installed. The 1iquid material must be evenly distributed
to reduce the distance it must travel in order to fill a void. When
this is done, a foamed-in-place system will produce an even, uniform °
foam with a minimum of voids.
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To inspect the pre-insulated pipe fdr voids, an optical

infra-red thermometer such as the Mikron 10 is used.]5

Most pipe manufacturers use the foamed-in-place method. The
foam is bonded between the carrier pipe and casing and capped at both
ends with water and heat resistant seals to ensure complete encasement,
thus maintaining the high thermal efficiency.

Polyurethane foam, while offering high thermal efficiency as
an insulating material, has certain characteristics which require that
it be adequately protected. Specifically, moisture penetration of foam
will result in a significant increase in thermal conductivity. Although
the po]yuréthane foam is not hygroscopic, due to its closed cells, it
cannot stand the influence of water vapor. Proper casing also is a
requirement to protect the foam from chemicals, vermin, mechanical
abuse, ultraviolet degradation, erosion and other deleterious environ-
mental hazards. Finally, unprotected foam is subject to mechanical
damage from weathering, handiing abuse, field bending, lay-barge tensions
and bends, casing pressures, water pressure,.saddle-bearing forces,
ground movement, and damage in storage.

A comparison between requiremenfs for polyurethane insulation
in prefabricated conduits in West Germany, Denmark, and Sweden, as
discussed at the 1979 International District Heating Congress, is pre-
sented in lable 2-4.

Calcium Silicate

Calcium silicate is widely used in the U.S. to insulate pipés
conveying high temperature fluids because of its ability to retain its
insulating quality at high temperatures. The thermal conductivity of
calcium silicate ranges from 0.42 at 200°F to 0.7 to 700°F. Aécording
Lu une manufacturer, its asbestos free calcium silicate insulation is
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COMPARISONS BETWEEN PFESENT NATIONAL MINIMUM REQUIREMENTS FOR 2OLYURETHANE FOAM INSULATION IN
FACTORY MADE, PRE-INSULATED PIPE-IN-PIPE SYSTEMS FOR DISTRICT HEATING

TABLE 2-4

Art of the test

A3I Q 167 draft specif-ca:z-cn
West Germany

Dutch draft specificat-ons
-1l. draft

Swedish draft specifications, 2.draft

1. Visual evaluation

cell-diameter < 0,4, radia ly.
Faults in cell structure omly as a
rare exception. Cavities< 2/3 of
insulation thickness '

No cavities

Regular, small cells, no dis-
colouration. Cavities < 2/3

of insulation thickness in all
directions only as a rare exception

2. Density

Core > 50 kg/m’, > 40 I:g/n] for fcam
insulation transmitting no forces
Test specimen: 30 x 30 x L® mm

80-100 kg/mj average, specimen
20 x 20 x 20 mm taken min.
3-5 mm from rims

close to service pipe 120-150 kg/m3
ayerage 80-90 kg/m”~, core .60-70 kg/
m

tangentially

0.4 MPa axially

3. Open cell < 1D% <10% <1l0%

4. Compressive stress with >0,2 MPa radially 0,2 MPa radially, 0,45 M?a axial- »0,5 MPa
10% defommation ly, specimen 50x50x50 mm

5. Shear strength axially/ »0,2 MPa tangentially 0.2 iiPa tangentfally 5> 0.2 MPa-

specimen: length = diameter

6. Heat transmission
coefficient

< 0,027 W/mK at 50°C

0.030 W/mK at 80°C

€ 0.03 W/mK at 50°%C
¢0.035 W/mK in joints

7. Form stability im the cold

less than 2 vol.$/20 h_ - 23°%
specimen 30 x 30 x 30 om

2%/3 h - 30%

8. Temperature resistance

4 weeks 130°C, 50% reduction of
shear strength, » 0,1 KPa

2000 h, 140°C, min, requlrements
as in 1-8

BS 4508/part 4 section 5.2.3.2.

9. Water absorption

< 3 vol.% equal to 0,12 :n"/cm2

< 2%

10. Foam adhesion to steel/

fulfilled by S

»0,2 MPa :
specimen: length = diameter

polyethylene
11. Eccentricity . +3-8%
outer jacket 90-800 mm
0N
N
o




recommended for use on pipes conveying_f]uids with operating temperatures
up to 1200%F .30
product, Kaylo 10 (a registered trademark), will not initiate stress

It is further stated by this manufacturer that its
corrosion cracking of a stainless steel pipe. The insulation is available
in single or double layer thicknesses from 1" to 6", depending upon the

pipe size.

Cellular Glass

Cellular glass is another insulating material that can withstand
high operating temperatures - about 800°F.31 Its thermal conductivity
is 0.44 BTU/in/hr/ft2/°F at 200°F, somewhat higher than that for polyure-
thane. The insulation is impervious to common acids and their fumes,
except hydrofluoric acid, and it is not combustible. However, it has a
0.2% absorption of moisture by volume when tested according to ASTM
Designation C-240. A casing is required to ensure that the physical

properties of the insulation are maintained.

Inorganic Granular Insulation

One inorganic granular insulation product (under the trade
name of Gilsulate 500) can still maintain its insulating quality for
operating temperatures up to 460°F. Its thermal conductivity is 0.64
BTU/in/hr/£t%/°F at 260°F.

Gilsulate 500 is non-flammable and non-toxic according to the
manufacturer.32 It is further stated that the product does not require
curing, mixing or special preparations for use. During installation, '
personnel face mask dust respirators are required since the granular
nature of Gilsulate 500 creates a dust concentration which may cxcced
the threshold 1imit value allowed by OSHA;
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When this granular material is packed to a density of 40

1b/£t3

penetration at a 48-inch hydrostatic head on a continuous 30-day test.

, as would be the case during installation, there is no water

It is important that the density of the insulation be carefully monitoréd
during installation. No casing is used in this installation method.
However, a drain pipe has to be installed Since the insulation may be
saturated with water whenever a high ground water table occurs. The
insulation is capable of supporting pipes of all sizes, except at expansion
loops or bends.

It is undesirable to insulate pipes wilh Gilsulate 500 inside
concrete trenches or the equivalent, since soil water, or water from
pipe leaks, is confined in the trench and occasionally causes long
sections of insulation to be needlessly wetted. If there are no alter-
natives (for example, rehabilitation of a piping system already in a
concrete trench), sub-drainage has to be provided inside the concrete
trench.

Perlite

Perlite is the name given to a class of lavas described as
siliceous glass, or pitchstunes, know as rhyolitic perlites, dacitic
perlites, andesitic perlites, perlitic obsidians and pitchstones.33
They are all described as acidic volcanic glass, being essentially an
amorphous aluminum silicate, containing dissolved water in sufficient
amount to intumesce into bubbles when heated to a suitable point within
the pyroplastic range.

Perlite ‘can maintain its insulating guality up to very high

temperatures, beyond 1300°F. At BUUOF, the thermal conductivity of the
insulation is 0.36 BTU/in/hr/ft2/°F.
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Perlite is available in powder form. It is blown into the
annular void between the carrier pipe and the casing through nozzles
which are fed from storage bins (Figure 2-16). According to a manu-

34 during the filling process, the Perlite or Pulvinsul (a

facturer,
_British trade name) behaves almost like water, featuring a very low

sagging factor. Creation of a vacuum of approximately 0.02 psia_in the
annular void ensures a thermal insulation factor comparable to that of a

thermos bottle.

Other Forms .of Insulation

Glass wool and mineral wool are also being used as insulation
material. Glass wood can withstand operating temperatures up to about
730°F without aging. Although both types of wool can withstand high
operating temperatures, their thermal conductivities are much higher
29,35 As a result, the insulation has to be thicker
than that for polyurethane. In addition, compared with polyurethane,

than polyurethane.

the wool material is more expensive. However, their ability to withstand
high temperature makes them most suitable for high temperature hot water
piping insulation. To circumvent the cost problem, two different insul-
ation materials are used. A layer of glass wool or mineral wool is used
to cover the carrier pipe. Its thickness is such that the temperature
at the outer surface of the wool is less than 260°F, thereby allowing a
layer of polyurethane foam over the wool. Consequently, the cost and
the overall thickness of the combined insulation are lower than using
glass wool or mineral wool only for the Same heat loss throhgh the pipe.
There is at least one European company that combines mineral wool with
polyurethane foam36 to insulate pipes used for district heating mains.

2.1.7 Thérma] Expansion Devices and Manholes

Since the pipes are carrying hot water there is the expansion
of the pipes to be taken into consideration. One of the ways of absorbing

2-43



PULVINSUL-Storage Bin
T /

-

, : Floxiblo Hooo

- F _
/}/‘7’///; /; e a Ourlap Dag

Compressor Pressure Vessel

Air Exit
Anchor Flange ; &

ﬁ?: : A —

T
o

i

.t&rT__q_;_r ?;. ‘ \ T ; ) et 4

Stressing Device

FIGURE 2-16 INSULATING PROCESS USING PERLITE

Courtesy of Preussag AG Bauwesen .

2-44



the thermal expansion is by installing an expansion loop, elbow, or
offset, where space permits. The great advantage of loops or elbows is
that they do not require any maintanance during the life of the system
and therefore are installed wherever possible.

Another thermal expansion device is the mechanical expansion
joint, which is either of the slip type or the bellows type. The advantage
of using such a joint is that straight lines of piping may be used in
narrow access routes such as under streets, sidewalks, and between other
utilities. However, the disadvantage is that expansion joints require
replacement or periodic maintenance. They should be installed in accessible
spaces, like manholes, to allow for maintenance.

The slip type joint consists of a cylinder that slides in a
machined housing as the pipe moves (Figure 2-17). The joint accommodates
axial and torsional movement of the pipe, but not lateral movement. The
standard amount of expansion accommodated by a slip joint is 4", 8" or
12”.37 As sealing is a major problem, maintenance of this type of joint
consists mainly of repacking or adding packing. However, for most

joints, this can be done while the Tine is in operation.

The bellows type consists of convoluted bellows of corrosion
resistant material that compress or flex with the pipe movement (Figure
2-18). When inner telescoping sleeves are used, it minimizes contact
37 To add additional hoop
strength to the bellows and to equalize the expansion movement among all

between the flowing fluid and the bellows.

of the individual convolutions, reinforcing rings are added to the
bellows. Bellows joints are generally designed to accommodate longitud-
inal movement of the pipe. Lateral movement is lTimited, but special
bellows joints can be hinged or gimballed. The amount of expansion
accommodation in a bellows joint is proportional to the number of con-
volutions. Bellows are used as far as possible in distribution systems.
Alignment of the pipe ends at the bellows connection is critical. If
this is not ensured, the bellows may fail prematurely.
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FIGURE 2-=17

SLIP TYPE EXPANSION JOINT

Couartesy of Advanced Thermal Systems



Courtesy Skodock
W. Germany

Courtesy Tube Turns, Inc.

FIGURE 2-18 BELLOWS TYPE EXPANSION JOINTS



A ball or swivel joint can also be used as a thermal expansion
device. It has four basic parts, i.e. a polished spherical ball, a
machined casing, sealing gaskets, and a retaining flange or nut (Figure
2-19). Ball joints do not directly absorb axial movements, but they can
accommodate torsional movement. Offsets are used to Taterally accommodate
the movement of the pipe. Because of the limited amount of angular
flex, the amount of expansion that ball joints can accommodate is dependent
upon the distance between the ball centers. Ball joints, 1like slip type
joints and bellows type joints, should be installed in accessible spaces,

Tike manholes, to allow for maintenance.37

Another method of absorbing the thermal expansion of a pipe is
through the use of couplings. The couplings contain rubber rings which
provide watertight seals when two pipe ends are joined. While performing
their function of leak proofing, the rubber rings also allow expansion
and contraction in the joints. Hence, no additional expansion joints
are required. Furthermore, these couplings also accommodate pressure

surges, shocks and vibration.38

The ability of the couplings to contin-
uously perform their functions depend on their ability to retain the

elasticity of the rubber rings through aging.

A similar design is used to accommodate the expansion forces
in ductile cast iron pipes. According to the manufacturer9 the conventional
expansion devices are eliminated from the system and expansion is taken
by the rubber gasket sliding along the outside of the pipe barrel (Figure
2-20).

Une novel method surveyed consists of absorbing thermal expdnsivn
without the use of any expansion elements. The copper pipe is laid in a

sinusoidal curve pattern,29

giving it a built-in expansion allowance
(Figure 2-21). When the temperature of the carrier pipe rises, the
amplitude of the curve will increase if the end points are fixed. The

increase in amplitude is very small, since the expansion is uniformly
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FIGURE 2-19 BALL TYPE EXPANSION JOINT

Courtesy of Aeroquip
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2. Polyurethane foam

4. End sleeve

1. Gasket

6. Stainless steel
collar

3. Protective coating 5. Thermoplastic coating

rubber sleeve

half shell

FIGURE 2-20 BELL/SPIGOT TYPE JOINT

Courtesy of Pont-A-Mousson S.A.
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FIGURE 2-21 FOUR PIPE DISTRICT HEATING NETWORK LAID
IN A SINUSOIDAL CURVE PATTERN

Courtesy of Aquawarm
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distributed across the entire arc length. Owing to the wavy pattern in
which the pipe must be laid, about 3% must be added to the length of
pipe when this piping system is used.

Thermal stresses due to thermal expansion can be minimized by
prestressing the pipe. This facilitates compensation-free laying and
achieves an installation free from any fixed points without any concrete
structures. The prestressed pipe lengths are, in accordance with the
respective temperature differences, dimensioned such that the lines are
kept free from thermal stresses during normal operating conditions.
Prestressing is achieved when both the carrier and the casing pipes are
each metallic. The prestressing of the conduit is performed by (1)
stretching the carrier pipe, (2) upsetting the casing pipe and (3)
anchoring the two pipes to each other.34 Figure 2-22 shows what "stressing"
and "upsetting" of the pipes mean. The movable bearing of an anchor
flange, which is welded between the carrier and casing pipes at the end
of a prestressed conduit section 1300 ft. long, prevents relative length
expansions of the pipes. In addition, by constructing the anchor flange
as a double flange, any transfer of heat and any electrical conduction
between the two pipes are avoided. Such features are also offered by
the various spacers, as shown in Figure 2-22. According to the manu-
facturer, the prestressing device needed is simple and the space require-
ment for the pipeline is modest.

A further method to accommodate thermal expansion has been
developed 1n Denmark39 tor conduits with steel carrier pipe, polyurethane
insulation and polyethylene casing. In this system expansion devices
and loops are eliminated from the piping together with some concrete
anchors. The technique utilizes the flexibility features of steel pipes
at stress ranges up to the elastic limit.

When a detached steel pipe is anchored at one end, it will
expand when heated from the installation temperature of about 65°F to
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an average temperature of 120°F. A subsequent anchoring at the opposite

end at the average temperature does not change the physical state of the
pipe, and the tension in the steel material will be zero. If the temperature
of the pipe is increased to an operating temperature, e.g. 230°F, then a
compressive stress will be generated in the steel pipe within the allowable
limits. If the temperature is reduced to the installation temperature,

the tensile stress of the same magnitude as the above compressive stress

will be generated.

Pipe prestressing by cold drawing or by heating to a pre-
determined installation temperature betore the pipes are backlilled
requires large street areas to be open for long periods, because the
prestressing can only be done with completely uncuvered pipes in relatively
large sections. With this method, the conduits are installed in the
ground in the usual way, but with an E-muff element (Figure 2-23) welded
into the system instead of the conventional expansion devices. Before
the E-muffs are welded to the system, they are adjusted by prestressing
according to the actual distance between the two E-muffs for the maximum
operating temperature of the network. When starting up the system, the
steel pipes expand, and the bellows of the E-muffs are pressed together
until the internal pipe ends meet. Then the t-muff 15 Tucked Ly a
pressure tight weld, and the tunction of Lhe muff is complete. It now
acts as a stiff piece of pipe and joint insulation by means of a long
muff. Then the remaining joints with the fixed E-muffs are insulated
and backfilled.

This technique has been tested in trial installations in pipe
sizes up to 12 in. The manufacturer states that the technique provides
the following advantages:

0 Installation cost is reduced because of elimination
of the typical expansion devices and most of the
anchors resulting in a material cost reduction of
between 10 to 15 percent.
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FIGURE 2-23 E - MUFF ELEMENT

Courtesy of i.c. mgller,
DenmAark
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0 Site problems are reduced because the conduit can
be backfilled immediately after the hydrotest.

0 The carrier pipe is almost free of tension at
operating temperatures of about 160°F which
prevails most of the year

It seems, however, that the disadvantage of the system is the
requirement for E-muff installation which may cause problems if not
properly installed and adjusted.

One Danish pipe manufacturer utilizes a lubricating agent that
permits the carrier pipe, insulation, and casing to expand dand contract
independently of each other, thereby reducing the friction among these
e]ements.40 The bends provide spaces for the thermal expansion of the
carrier pipe, insulation, and casing (Figure 2-24). Although the
lubricating agent reduces the shear stresses, due to less friction,
thermal expansion devices still must be installed.

Manholes

Manholes are a very necessary part of an underground distribution
system. They provide the housing for many miscellaneous pieces of
equipment necessary for the control of the system and its proper operation.
The equipment may be: (1) control valves for both lines and branches,

(2) expansion devices, and (3) venting and draining points for high
temperature hot water.

There are two types of manholes available. They are either
built in-situ of concrete usually or prefabricated of steel or concrete
(Figure 2-25). Although concrete manholes have the advantage that they
can be built to any size in the field, they are difficult to make watertight.
Concrete manholes are usually built by contractors other than the mechanical

37
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FIGURE 2-25 PREFABRICATED STEEL MANHOLE

Courtesy of Ric-Wil, Inc.
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contractor. - Therefore, close coordination between the two contractors
is necessary.

On the other hand, prefabricated galvanized steel manholes do

- not require close coordination between two contractors. The prefabricated
manholes arrive at the site completley piped with all specified equipment,
insulated and ready for immediate installation. The contractor has ‘only
to connect the piping and Conduit and pour a concrete anti-flotation pad
at the bottom of the manhole. One other advantage is the ability to air
test prefabricated manholes for watertightness. A disadvantage of the
prefabricated galvanized steel manholes is a limitation in size up to 10
ft. in diameter, due to shipping restrictions. Internal and external
corrosion resistant coatings have to be applied to steel manholes for
protection. |

2.2 OPERATIONAL EXPERIENCE AND NETWORK FAILURE ANALYSIS

Almost all district heating networks have experienced piping failure
problems. Even in more recently constructed systems, corrosion failures
and increased heat losses have been recorded. For example, investi-
gations in Denmark have indicated that the heat 1oss in a number of
networks is normally about 20 to 25 percent of the heat produced, and in
some cases, as high as 45 percent.4] Furthermore, it was found that of
the total 9,300 miles of district heating piping in Denmark, about 10
percent is in poor condition and should be renovated at the earliest
possible time. The cost of this work would be 200 to 300 mi]lion‘dof1ars.
This number could be compared to about 100 million. dollars of annual '
investment which is necessary for new district heating plants and networks.
This example clearly demonstrates that the reliability of the district’
hcating system is of prime importance.

2.2.1 Piping Installation Methods

In West Germany the operational results of 800 miles of 49

different types of underground piping installations have been ana]yzed.42.
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The results of this-analysis, presented in Figure 2-26 and Table 2-5 are
broken down into four major types of installation as follows: rigid
concrete envelope (type 1), ductless directly buried pipeline insulated

by powder backfill (type 2), conduit (type 3), and concrete culvert or
concrete trench (type 4). The pipe failure rate is.defined as actual
corrosion damage per mile of two pipe network per year. The results of
failure rate analysis of this and other operational data have demonstrated
that the most reliable type is the concrete culvert installation (type 4).
The external corrosion rate for other installations as compared to type

4 was higher by a factor of 20 for type 1, by 140 for type 2, and by a

factor of 8 for type 3.43

However, because the failure rate depends on
a number of site specific factors, the results of this analysis cannot
be generalized. For this point of view, it is interesting to review the
experience obtained in the Moscow district heating network and compare

it with the information reported during the present survey.43’44’45

The Moscow district heating network has been in existence for
more than 40 years with considerable additional piping installations in
the last 20 years. The total length of the major distribution lines
only is more than 1100 miles. About 80 percent of the network is installed
in concrete trenches or culverts. The pipes are insulated with mineral
wool and covered with an asbestos-cement layer. Soil conditions vary
and include clay (30%) and sand (50%). The depth of cover above the
culvert is between 2 and 10 feet. Up to 1960 a type of stoving varnish
was used for anti-corrosion coating of the piping. After 1960, hot
bitumen applied strip type materials were used.

In the Moscow network external corrosion of the piping is the
cause of 90% of the breakdowns. The failure rate of district heating
systems is much higher than that of gas and electric installations, but
somewhat Tower than that of potable water systems.

Examination of the failures in the Moscow and West European
heating networks indicated that in many cases the external corrosion
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FIGURE 2-26
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Table 2-5

AVERAGE CORROSION FAILURE RATE FIR UNDERGROUND DISTRICT HEATING PIPING IMSTALLATIONS
(FAI_URES PER MILE PER YEAR)

Average Increased
. : Failure Rate
Type of Piping g YEARS IN SERVICE Relative to

Installation 1 2 - 3 ¢ 5 6 7 _ 8 9 10 1 12 13 Concrete Culvert
Concrete Culvert 0.078 0.083 0.106 0.°3 0,131 0.176 0.194 0.246 ©0.179 0.266 0.397 0.590 0.622
Conduit . . - - - - 0,272 0.329 0.320 0.583 10.985 1.862 3.32° 5.84 8.40

Increased failure - - - - 2.08 1.87 1.65 2.37 5.50 7.00 8.36 9.90 13.5 8

rate relative to
concrete culvert

Rigid Concrete - 0.299 0.498 Q.85 1.74 2.52 2.93 3.81 6.66 G.02 11.35 12.04 12.94
Envelope . .
Increased failure - 3.60 4.70 6.25 13.30 14.30 15.10 15.50¢ :7.20 33.90 28.60 20.4 20.8 20

rate relative to
concrete culvert

Ductless with 2.43 6.06- 7.98 8.84 11.79 29.92 59.56 - - - - - -
Powder Backfill

Increased failure 1A 73.0 75.3 65.0 80.0 170.0 . 307.0 - - - - - - 140
vate re ative to
concrete culvert



took place in relatively small spots in sizes from 0.04 to 0.08 in.,
while the rest of the pipe had a uniform and lower corrosion rate.
Pitting type of corrosion is also experienced. The corrosion spots.are
located on the bottom (60%) and on the top (40%) side of the pipe. In
breakage cases the thickness of the pipe wall was observed to have been
reduced to 0.004 to 0.28 in. As a result, the pipe ruptured under
internal water pressure. Observat%ons have shown that at the failure
spot the coating is usually destroyed.

Based on the USSR heating network operational experience, the
lowest number of failures due to corrosion occurs in. concrete culvert
networks.

Routine excavation and opehings of pipes in concrete culverts
carried out in 1956-1962 in Moscow46 have shown that in the first five
years of service emergency conditions of heating pipes (film of corrosion
over 0.40 in. and through holes) were recorded only in 3% of cases,
after service for five years in 2%,-and after service for 10 years in 4%
(Figure 2-27,A). ,

In subsequent periods (in Moscow in 1962-1971) a considerable
increase in corrosion rate was indicated (Figure 2-27,B); in the first
five years of service, emergency conditions were detected in 2% of
routine openings; in the subsequent five years in 30% of openings, and
after service for 10 years in 46%. '

However, the conclusion based on the use of concrete culvert
design in the Moscow network only should not be generalized. In particular,
inspections in Kiev heating network (530 miles of piping) carried out in
1962-1971 have shown satisfactory corrosion conditions of concrete
culvert networks. In the first 10 years of service emergency conditions
were found in only 5% of cases and after 10 years, in 10% (Figure 2-27,C).
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The fastest increase in the corrosion damage is observed in
ductless directly buried pipes with powder backfill (Figure 2-28) where
after service for 4-6 years the failure rate reached up to 32 failures
in some pipes per mile per year. '

In rigid concrete envelope designs, the failure rate is con-
siderably lower (up to 5-6) than in ductless installations. However,
also in rigid concrete envelope designs after service for 5-7 years
(Figure 2-29) a-sharp failure rate increase takes place.

Thus, in rigid concrete insulation, in the first five years of
service emergency conditions of piping were observed in 20% of routine
openings (Figure 2-30) and in the subsequent 6-10 years in 62%, and
after service for over 15 years in 82%. In bitumen-pearlite insulation
an increase in damage is observed after operation for only 3 yéars, and
the first traces of corrosion are noted after operation for 1-2 years.

2.2.2 Piping Network Service Life

The aVerage failure rate depends on the duration of service of
. the system. As one can see from Figures 2-27, 2-30, and 2-31, the
failure rate grows with the age of the system. This is particularly the

case in the large diameter piping which has the greatest wall thickness.43

During the present survey, some utilities have also rcported
that the failure rate increases with the age of the system. Other
utilities, however, have concluded that no relationship exists between
the failure rate and piping age, or that the age has a small influence
when the system is in good condition.

The number of failures in the Moscow network is related to the

diameter of the pipe, therefore to the pipe wall thickness (Table 2-
44,45
6). °
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Table 2-6

Faijlure Rate in Moscow District Heating Network

Pipe Diameter Pipe Wall Thickness Failures per Mile
(inches) (inches) 1970 1971

2 to 6 0.118 to 0.177 0.91 0.96

8 to 32 0.236 to 0.315 0.37 0.42

7

40 to 55 0.394 to 0.551 0.08 0.0

Based on West Germany and USSR network experience, the duration
of stable sérvice of different types of piping to the time of sharp
increase in corrosion damage is 10 to 12 years for the concrete culvert
designs, and 4 to 7 years for rigid concrete envelope and ductless

powder backfill designs.

Dependence of the corrosion failure rate on duration of service
is of a clearly pronounced cyclic nature (Figures 2-28, 2-29, and 2-31).
After sharp jncreases fhe failure rété decreases due to repair and pipe
rep]acement’Work. After 2 to 3 years of subsequent service, a sharp

increase takes place again.

2.2.3 Causes of Piping Failures

The piping failure rate or the actual breaks of pipes reported
during the present study is between 0.048 and 0.32 per mile per year.
The'avefage failure rate is 0.144 based on data reported by four utilities.
The average annual failure rate for the district heating system in

Moscow during 1968 and 1971 was 0.43. The failure rate for the Kiev
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district heating system was between 0.48 and 0.64. One European system
reported 0.68 leaks per mile in 1978 as a result of external corrosion.
One Japanese system.has reporteq five pipe failures in foqr months 1in

the fifth year of operation. Tﬁe piping system installed at this location
is of conduit type manufactured in Jépan. Another Japanese system has
also reported failures of conduit type installation after the second and
fourth year of network operation. Other utilities reported no pipe
breakages, but on]y corrosion resulting in leaks (up to 0.68 leaks per

mile per year).

Major failure elements reported are carrier pipes, expansion

bellows, and pipe connections to valves in manholes and piping joints.

The location of the pipe failure varies substantially for
different utilities. Failures occur in straight piping, joints, expanéion
devices (bellows and ball type), manholes, valves, pipe anchors and

'supports, crossings with other utilities.
The major causes of the failures are as follows:

0 external electrochemical corrosion; in conduits it is
usually related to the casing coating failure and ground

water infiltration into the conduit.

0 insulation failure and damage of the insulation joints

which finally causes pipe corrosion
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0 failure of co-located utility system

0 mechanical and structural damage as a result of vibration
from vehjcles.and leaky manhole covers under thermal
stresses, and impingement of hot water from leaky valve

gland packings.

The character of the failures leads to a conclusion that
intensive local corrosion takes place because of periodic contact'df an
unprotected external piping surface with ground water. This process
takes place in both directly buried and culvert type;insta]]ations when
they are flooded with water, and especially when they are covered‘with
mud. The cyclic wetting and drying of the pipe insulation causes
external corrosion. Another significant factor associated with wetting
of insulation is the increase in heat losses from'pipes due to increase
in the coefficient of heat transfer of the insulation, and in a number
‘of 1nstances 1ts rapid mechanical dis1ntegrétion. The heat losses in
the transmission and distribution piping reported range from 4 to 15
percent of the annual consumption.‘ The average heat loss figure has
been estimated as 8.8 percent based on data reported by 12 of the utilities

in Europe and Japan.

The source of water could be as follows: penetration of water
from above the pipe as a result of rain or snow melting, water dripping

on the pipe from cold surfaces, failure of ‘a co-located potable water,.
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sewer or drainage system, ground water penetrating in the area of the ;

pipe underside as a result of capillary action. - When the district

network is flooded with water, mud enters and afterwards remains in the .
trenéh. If the pipe in a culvert is installed in an area between buildings,
it serves very often as a water drainage system for rain and ground

water.

The culvert retains its function if an air gap exists along
the pipe. In this case, the water from the insulation layer is easily
evaporated into the air gap, and the dry insulation is a re]fab]e means
of ensuring that the pipe remains in good condition. In a concrete
culvert the following favorable conditions are provided for drying of
the insulation: existence of convection in the air gap, decrease in
relative humidity of the air with sweeping of the hot surface of the
insulating cover and considerable time intervals between successive
wettings of the insulation. At the same time the inSu]ation must not
undergo destruction and aging with cyclic conditibns of wetting and

drying.

Therefore the extensive use of insulation materials such as
calcium silicate which has a Tow coefficient of thermé] conductivity and

47-50

is resistant to aging during periodical wetting and drying is very

important for the reliable service 1ife of the network.

Installations with such an air gap have a corrosion rate not

higher than 0.004 in/year. However, to maintain the air gap in a concrete
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culvert and protect it from mud f]ow,is'very difficult and requires
constant control of the trench conditions. This is especially difficult
for a small diameter piping system where mud ingress occurs often and
the culvert size does not allow for maintenance. Complete or even
partial mud ingress into the culvert changes fts operational condition
to that of a directly buried installation. Therefore, utilization of -
concrete culverts makes sense only with properly organized landscaping

and the installation of a reliable water drainage system.

Most of the utilities confirmed during the present survay an
existence of an air gap between the insulation and the culvert during
the service life, and stressed the importance of the air gap for the

reliable long service life of the pipe.

Utilization of ductless piping designs with no air gap results
in constant wetting of the insulation after being in contact with ground

water.

In addition, with use of materials of high porosity for insulation,
intense moisture penetration into the insulating layer takes place due
to condensation of moisture vapor found in the dry part of the insulation

when the district water temperature is Tow. #3,51-53

Protection of the insulation against moisture with a waterproof

cover is not sufficiently reliable because it is very difficult to
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46,54

ensure continuity of the cover in the majority of cases, and even

slight local damage to the waterproofing leads to intense wetting of

large volumes of insulating materia1.42’55

The use of water-repellent powder backfi11'insu1ation does not
preveﬁt penetration of moisture to the surface of the piping surface.
Under the conditions prevailing during long periods of operétion under
.dynamic heat and moisture conditions, intense hydrophilisation of the
walls of capillaries of water-repellent material takes place. This is
mainly due to the precipitation of salts in heating and evaporation of

51,54 and the resulting

the moisture penetrating the heat insulation
formation of a film of adsorbed moisture on the capillary walls. Some
influence on moisture penetration in the insulation results from the

diffusion of vapor through the waterjrepe11ent fi]m.56

At the same time, in ductless designs the process of drying
the insulating 1§yer considerably slows down. The reason for this is
the absence of convection in the space between particles of the surround-
ing ground and also the short intervals between successive wettings of

the ground and of the insulation, especially during the heating season.

With use of a waterproofing cover, the drying of moistened
insulation is even more difficult (absence of evaporation surface). An
egress of penetrating moisture to the peripheral Tayers of insulation

and a spreading of water along the piping are observed. ¥2>4755%
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2.2.4 Operational Conditions

The major failure component in a network is the supp]y'line;
the return Tine does not experieﬁce such severe corrosion problems. The
external operating conditions of both pipes are 1dentica], but internally
there is a significant difference in pressure and‘temperature.‘ The
internal pressure cannot substantially affect the external corrosion
process; however, a pipe damaged by corrosion will rupture at this spot
as a result of pressure. The statistics do not show a direct dependence
between failure rate and the temperature level of the system. Since the
failures occur at different supply line temperatureﬁ, this means that
the duration of the development of the seat of failure depends on the
corrosion process only. Practically all European and some Japanese |
systems are operating on continuous basis all year-round. The systems
are out of service for short periods of time, from 2 to 24 hours.
However, the major influence on the corrosion rate is the average temperature
level in the supply pipe, which throughout the year operates at water |
temperatures of between 165°F and 180°F. For example, the water temperature
in the Moscow system exceeded 212° for only about 70 days during the
year.44 ‘The return 1ine aperates for about 70 percent of the year with
a water temperature of about 115°F.  In Moscow the operating time of the
return 11ne with temperatures of 140°F and higher is less than 30 days
per year. The average annual temperature variations reported during the

present survey by most utilities are between 158°F and 216°F in the
supply line and 104°F and 149°F in the return line. Systems with no

2-76



cogeneration have higher temperatures of between 230°F and 419°F in the
supply line and 176°F to 266°F in the return pipeline.

59,60 that with

It is well known from the theory of corrosion
free access of moisture and oxygen to the piping surface, a wall temperature
of between 155°F and 185°F is the most dangerous with respect to intensity
of corrosion (Figure 2-32). The supply line operates most of the time
in these unfavorable temperature modes. The underground pipes operating
at higher temperatures are less affected by external corrosion. For
example, the corrosion rate of steam heating networks examined during
the present study is substantially lower than that of hot water networks.
The steam piping sy§tem in Moscow, with a length of about 40 miles, has
been in service for more than 30 years. During this period no substantial
failures céused by external corrosion have been recorded in steam pipes.

61 In contrast,

Similar experience is recorded by other investigators.
condensate return lines with fluid temperature below 200°F are subject

to high corrosion rate.

2.2.5 Maintenance Requirements and Cost

~ From the data presented, it could be concluded that the failure
rate and the resulting maintenance cost of district heating networks is
relatively high. The reliability of an underground hot watcr piping
system is determined by the following factors: quality of anti-corrosion

protection; average annual water temperature in the piping network;
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age of the network; thickness of the pipe walls; type of installation
(especially the provision of an air gap during service life of the
pipe); site hydrological conditions; and the condition of adjoining
utility systems.

The construction of new underground heat supply lines is
always associated with a.large number of possible breakdoWns, even with
reliable anti-corrosion protection, therefore, it is not sufficient to
design only for adequate reliability of the pipeline. It is difficult
to maintain a high reliability over a long period of operation,

The results of the present survey have indicated that most of
the district heating network utilities do not perform periodic hydro
(pressure) and thermal (temperature) tests as a preventive maintenance
measure. Only one Japanese company indicated that a hydro test is
performed once per year. Manholes, including expansion devices and
valves are visually inspected on a regular basis. However, the inspection
period varies substantially between once per ten days to once per four
months.

The methods of failure detection aré usually as follows:

visual detection, pressure test, utiﬂization of an infrared scanner
(thermographic method), substantiali increase in the make-up water flowrate
and regular inspection of manholes. Nine out of fourteen utilities have
reported that they monitor the piping'flowrate in regard to leakage
detection. The make-up water requirements for different systems vary
between 0.12 to 2 percent per day of the network water flowrate. The
utilities do not usually monitor the external corrosion processes. The
internal corrosion rate is controlled by treatment of the make-up and
analysis of water samples. '

~ Closed district heating networks have a relatively low internal
corrosion rate and scaling problems. The small amount of make-up water
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for such systéms is usually chemically treated. Practically, all systems
surveyed have water treatment (mostly ion exchange resin) to prevent
scaling problems in the heat exchangers and district heating equipment.
To prevent internal corrosion direct contact atmospheric type deaerators
are provided. Some systems use hydrazine to prevent oxygen induced
corrosion. A word of caution should be stated regarding the use of
hydrazine. Hydrazine is poisonous and should be used only in closed
networks, where the possibility for taking the water out of the system
for domestic use is not possible. '

Internal corvosion and scaling problems are more important 1nl
open district heating networks; however, such systems are not used in
West Europe. Internal corrosion problems in district heating networks
are discussed in detail in Reference 62. ' '

The average length of piping sections replaced after failure
in European hot water systems ranged between 16 to 66 ft. One Japanese
system replaced about 2000 ft. of piping conduit in the second year of
operation and 1100 ft. in the fifth year of operation. The repair time
per one failure varies from two hours up to two months, however, the
system is usually out of service for only three or four days. The cost
of repair per failure reported is between $2,800 and $20,000 with an
average cost of about $8,400.

The maintenance cost varies for different utilities between
one and six percent of the piping network installation cost or between
$1,800 and $18,000 per mile per year. The average maintenance cost is
about $9,100 per mile per year. ‘

To increase the reliability of networks already in operation,
the preventative maintenance measures should be performed as follows:
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Detection of all weak, corroded sections of pipeline and
their prompt removal (by testing in summer).

Systematic excavation of inspection pits (exploratory
excavation) in places where there is a danger of corrosion
and where the rep]aceant of the damaged sections is
anticipated to be difficult.

Draining of the pipe runs in every possible way (water
removal, laying associated drains, etc.).

Installation of a leakage detection system to permit
early detection of groundwater penetration through the -

outer casing into the insulation.

Construction of active (cathodic) protection measures,
especially for ductless networks.

Altering the operating temperatures of networks, especially -
in summer. '
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3. DESIGN FEATURES AND OPERATIONAL EXPERIENCE OF STEAM
~ NETWORKS

3.1 DESIGN PARAMETERS AND FEATURES

Most of the steam district heating systems in the U.S. and Europe
were designed and constructed about 50 to 90 years ago. At the time of
low fuel cost, the centralized steam supply systems were thought to be
progressive and economic. However, with fuel price escalation and the
requirement to transport the heat for long distances, hot water systems
have been judged economic. ‘

The steam pressure at the heat source in most heating networks
surveyed is between 175 and 250 psig (Exhibit II). Some of the systems
have lower (40 to 150 psig) and sometimes higher steam pressure (400 to
750 psig). For comparison purposes, it should be noted that in cogen-
eration hot water systems, the steam pressure extracted from the turbine
is usually between 15 and 25 psia, which results in higher thermal
efficiency.

The steam temperature is usually commensurate with properties
of saturated steam at the given pressure and it is relatively high (in .
the range of between 300 and 750 F). It is common to control the pressure
in the network by means of pressure control valves and desuperheating
stations. The steam pressure after the main transmission lines is
reduced to different values and is utilized by the customers at levels ,
of usually between 7 to 15 psig. In all systems practically, the condensate
is not returned to the power plant for a number of reasons (corrosion,
collection problems, high cost for installing condensate lines in
existing systems, etc.). To replace the Tost condensate a high quality
make-up for the boilers is required, thus imposing a high cost pené]ty;
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The steam networks are designed accbrding to the pressure
power piping code ANSI B 31.1 and range in size between 2 to 30 in. for
transmission and ibetween 3/4 and 30 in. for distribution piping. Most
of the piping has wall thicknesses equivalent to schedules 40 and 80.
The piping length is relatively small, the largest systems having 90
miles in the USA and 153 miles in Europe. -This is explained by the fact
that the networks serve mostly the high density city core areas and the
heat load per mile of piping network is very high (Figure 3-1).

, The major steam piping installations in the U.S. and Canada
‘use the rigid concrete envelope poured in place with some conduit type
designs. The Paris heating‘system mostly uses prefabricated concrete
culvert installations. Ductless installations have been tried in the
Paris system, but they are no longer used. Expansion loops are used
whenever possible in addition to slip, bellows and ball type expansion
devices.

Carbon steel A53 Grade B typically used for carrier piping has
mostly welded connections, along with some flange joints. The manholes
are usually made of reinforced concrete poured in place or of combined
brick and concrete construction.

The carrier pipe has external rust inhibiting paint except for
two systems having asphalt and high temperature tar hoating. A1l systems,
particularly in the U.S. and Europe use calcium silicate for pipe insulation,
while some systems utilize fiberglass. '

Carbon steel is used as a casing material in conduits and it
is protected against corrosion with different types of coatings (tar,
asphalt). Some systems utilize cathodic protection to protect the
carrier and the casing pipe from corrosion.
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Most of the steam utilities have reported that their piping
networks are drainable and dryable. However, a number of systems con-
sider the rigid concrete envelope installation poured in place either
not drainable, or not dryable. '

Fifty percent of the networks examined indicated the existence
of an air gap between the insulation and the culvert or the envelope
with only 10 out of 26 systems having a ground water drainage system.

A1l networks are equipped with water treatment equipment
including demineralizers and deaerators of the atmospheric type.

The depth of soil cover above the piping installation ranges
from a minimum of 1.5 - 2.0 ft. to 18 ft. maximum depending on the site
conditions.

The steam velocity in the piping network varies from system to
system and is in the range of between 70 to 260 fps. Only the Paris
system used an entry velocity of up to 550 fps for large mains.

Most of the utilities consider their network resistant to
groundwater infiltration and spread of water in the event of water
infiltration. However, six utilities gave a negative answer to the
above question. It was evident in the design of all systems that every
effort is made to keep the surface water and leakage from other utilities
out of the heating network.

A majority of utilities consider their networks resistant to
mechanical or structural damage. One utility has pointed out, hawever,
that cracks in the concrete envelope did occur in the past which resulted
in water penetration to the carrier pipe. Eighteen out of twenty-six
utilities consider their systems resistant to corrosion. Year-round
operation and keeping the ground water out of the network have been
considered the most important factors in the prevention of corrosion
failures.



A majority of utilities have reported that the pipihg networks
are simple in installation and easy to repair, however, ]oca]izdtfon of
the Teak or damage is difficult. Some uti]ities.consider rigid concrete
ehve]ope and conduit designs to be difficult to repair.

The quality control measures include usually x-ray of the
welded joints and hydrostatic test at the site, per applicable ASME and
local codes. Prefabricated conduit installations are usually tested at
the factory. The Paris uti]fty reported that in addition to a pressure
test, a special corrosion test is provided at the factory.

3.2 OPERATIONAL EXPERIENCE

The conditions of the other utility systems adjoining the heating
network (such as cold water, sewer, storm drainage, electrical) are very
important from a reliability point of view. In most of the networks
examined, the condition of adjoining systems are average; some of them
have periodic leaks which saturate the earth around the piping with
water. Some electrical and phone systems have been damaged by steam
leaks. Some utilities do not have information on these systems.

Oh]y a limited number of utilities have available information on
soil corrosiveness, sulfate and sulfide contents, soil pH factor and
presence of stray direct currents. These factors are of great importance
.and affect the design and maintenance operation of the district heating
system. It should be noted that in urban areas the soil conditions very
often do not remain constant. This is often because the adjoining
utilities periodically maintain their facilities and use various foreign .
backfill material.

The design criteria and reliability of the piping system depends
very much on the site water table. A majority of the utilities examined o
have a moderate site water table, which means that the ground water is
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never above the bottom of the piping system, but surface water remains
for short periods in the §bi] surrounding the system. The control of
water flooding conditions is performed by sdme utilities with installation
of automatic pumps at low elevations and by inspecting the manholes on é
regular basis. '

Nineteen utilities indicated that a possibility exists in -their
systems for periodic contact of the externa]bunprotected piping surface
with ground water, or in other words of cyclic wetting and drying of the
insulation. This condition is usually a result of a rain water run-off
or water penetration from other utility leakages. This happens in some
low areas or sites located close to the river flooded areas.

Practically no utility has effective measures to monitor the external
corrosion rate of the piping system. Some utilities monitor periodically
the piping equipped with cathodic protection. ‘The internal corrosionA
rate is well controlled by effective water treatment, especially the
deaeration process.

The other important problem is piping leakage detection. The steam
leak areas are usually visible or are detected as follows: (1) inspection
of manholes (hot manholes) to which the steam flows by following along
the service pipe, (2) detection of warm spots on ground surfaces adjacent
to steam 1ines with some settling of the wet soil, or (3) utilization of
leak indicators located at expansion joints. Pressure and flow chart |
records may also help to indicate the pipe leakage area. Piping drawings
with all joint locations are also helpful. However, to locate the exact
Teakage place, exploratory spot excavation is often required.

Practically all systems (except 4) operate on year-round basis,
supplying heating, cooling and domestic hot water to the customers. The
networks are out-of-service for only short periods of time from betweenl
8 to 24 hours for repair.
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The preventive maintenance of an underground network reduces substantially
the failure rate and the repair cost. However, it was reported that no
utility perfbrms prevent%ve hydro pressure or thermal (temperature)
tests. The hydro test is performed only for new piping installations.
Therma] test is performed when hydro test cannot be used.

Manholes are usually inspected on a regular basis. The frequency
of inspection varies for different utilities from weekly or monthly to a
yearly period. The manholes are cleaned up and the collected water
pumped out. Special attention is given to expansion devices. Slip
joints installed in manholes are inspected on a regular basis (weekly,
monthly, yearly) and are repacked when necessary. Valves and traps .are
another important component that should be regularly inspected and
properly maintained.

Fifteen utilities reported heat loss values in the piping system.
The heat losses range between 5.4 and 37 percent. Even for systems with.
70 to 75 percent of condensate return, the heat losses average about 15
percent. The breakdown.of heat losses totalling 14% provided for example
by Paris steam utility is as follows: condensate loss = 8.5 percent;
steam heat loss = 2.5 percent; and the condensate heat l1oss = 3 percent.
A majority of the utilities do not return the condensate and have therefore
a 100% make-up supply. Only four utilities report that their make-up
requirement is between 25 and 60%.

3.3 PIPING NETWORK FAILURE ANALYSIS

The location of the pipe failures experienced could be summarized
as follows:

0 Straight Piping = 14 utilities (contributes approximately from
30 to 50 percent of the overall number of leaks) '

0 Expansion Devices = 15 utilities (contributes from 25 to 35
percent of the leaks) '
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Joints = 15 utilities

16 utilities (up to 35 percent)

Valves
Manholes = 11 utilities

Anchors = 10 utilities

Traps = 4 utilities

Condensate Return Lines = 3 utilities (out of 4)

The major reasons for the above failures are as follows:

external corrosion aggravated by road salt and stress corrosion
of piping, expansion devices, especially bellows of corrugated
type, valves and bolts in flanged joints (15 utilities. out of
26); _

internal corrosion of condensate return lines, especially at
the high points where air venting is not provided-and where
stray currents are present; trap piping; and stress corrosion
on bellows joints;

internal corrosion of steam mains caused by non-deaerated
water used for desuperheaters;

internal erosion caused by the flow of condensate in the steam
piping and service take-offs where the condensate drains into
A main line; ‘
defective welding joints, flange connections, packing, and
gasket failures. ‘

Only one utility reports bacteriological corrosion as a failure

reason.

Five utilities report insulation failures, one of them speci-

fically referring to powder or granular type of insulation (ductless
piping installation). '

Eleven utilities reported failures of co-located utility systems

with water leaks as a contributing factor to the external corrosion
problems in the district heating network.
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One.utility reported conduit pipe breaks resulting from two-phase
flow conditions involving water,hammeh phenomena. Mechanical and structural
damage of the piping installation caused by vehicle load and water: ‘
hammer were also reported by some utilities.

In 14 out of 21 corrosion cases (representing 67%) the character of
corrosion was of the pitting type (the pitting varying from pinholes to
0.5 in. diameter holes). Four cases (19%) had uniform corrosion and.
three (14%) had small spot type corrosion. In 15 cases (out of 23) the
corrosion spots were located as being at the bottom of the pipe and in
eight cases on the top side. When the pipe suffers a rupture as a
result of corrosion, the wall thickness has been found to be reduced to
almost zero (in eight cases). In six cases no rdptures were reported,
but leaks were identified which usually started with a pinhole and then
propagated.

In approximately 50 percent of the failures, the insulation was
wet, saturated with condensate, damaged or blown away by the leaking .
steam. In the other 50 percent, utilities reported that the insulation
was found to be in a fair or good condition.

The utilities split almost equally in assessing the dependence of
the failure rate on the piping system age. About 50 percent of the
utilities considered age and the failure rate unrelated. Some indicated
that the failure rale is more dependent on the typc of installation than
on age. The average age of the steam heating network in service is
reported to be between 25 to 30 years. It is after this period that
most failures are experienced. One utility for example had little
trouble from-1924 to 1961. After 1961 most of the failures are related
to road salt induced corrosion problems.

Nine utilities reported an existence of an air gap between the
insulation and the culvert during the service life of the pipe. One
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utility stated that the air gap was maintained as nearly as possible to
the original conditipn. No utility has provided data on external corrosion
rate. ' '

Installation of adequate vents in concrete manholes is very important
in order to reduce the corrosion rate of the enclosed components.

The length of the piping section replaced after failure varied from
2 to 200 ft. for different utilities, it being 6 to 8 ft. per leak on:
the average. Based on data reported by 15 utilities, the repair time
per failure varied from six hours to six weeks, being eight days on the
average.

Repair cost per pipe faiTUhé;depends‘on a number of factors, such
as location of the pipe and interference with other utilities, pipe
size, etc. The range of costs reported is between $1,000 to $7,900.
‘The average cost based on data provided by eleven utilities is about
$3,800 in 1978 dollars.

The maintenance cost varies substantially for different systems
being between $2,700 to $37,000 per mile per year (1978 dollars). The
average cost based on data reported by 13 utilities is about $22,500.



4. PIPING COST ESTIMATES

During recent investigations of large scale hot water district
heating systems in the United States the cost of underground piping
networks have been estimated as excessively high. Previous estimates
based on typical U.S. technology, which has relied mainly on steam
district heating experience have, as a result, tended to be overly
conservative. |

These costs have been in good agreement with piping replacement
costs experienced by a number of steam heating networks in the U.S., but
were almost twice as high when compared to the eduiva]ent piping installa-
tion in Europe. Analysis of recent EUropean network piping technology,
including discussions and visits to a number of network installations
indicates that their experience with extensive systems has resulted in a
substantial reduction in piping costs compared with the U.S. This has
been achieved by means of a number of relatively small improvements
which in summation have resulted in the aforementioned piping cost
reductions.

The purpose the present study was to optimize the piping installa-
tion design in order to reduce costs wherever possible, without jeopar-
dizing overall system efficiency, reliability or service 1ife, emp]oying
a mixture of typical U.S5. and Curopean district heating practices.

The cost estimates developed include a variety of piping materié]s,
and installation designs for comparison purposes. The form in which the
estimates are presented allows for easy analysis to determine the areas
of highest cost, enabling future efforts of cost reduction to be pro-
perly directed. '
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A typical city street was selected for a specific detailed cost
analysis. The street chosen for this purpose, Jackson Street, is located
in St. Paul, Minnesota and is a typical urban street. This estimate
included costs fof intersection interferences which is fairly typical of
urban areas such as St. Paul.

4.1 METHODOLOGY

The piping network typically comprises three subsystems: trans-
mission., distribution, and interconnections to end users.

The transmission piping subsystem represents the long distance
large diameter piping which transports the hot water from the power
plant to the urban area. The transmission piping is installed in rela-
tively long straight runs, with allowances for expansion loops. The
distribution piping subsystem represents the large and medium diameter
piping which is used to distribute the hot water within the service
area. This distribution piping will be arranged in a network to serve
those areas deemed economically attractive.

The interconnection service includes the piping and accessories
which connect the distribution piping in the city street to a service
valve located inside the end user's property line or building wall.

I'he costs developed for this report cover all ranges of the above
described piping subsystems except very large transmission mains. The
cost estimates are based on a two-pipe installation, one supply and
return. As is clear from Section 2, two installation methods dominate
the European district heating market, based on reliability and cost
considerations. Conduit design is used for pipe sizes up to 10 in. and
concrete culvert design for carrier piping larger than 10 in. in diameter.
Therefore, the majority of cost estimates are performed for these two
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instal]afion methods. For comparison purposes,.cost of a ductless
installation with powder backfill is also developed. Different conduit
. modifications have also been analyzed. Carbon steel piping has been
assumed as the carrier pipe for all analyses performed. Cost estimates
developed for non-metallic carrier piping are presented in Section 5.

The major design assumptions, fnc]uding the number of fittings and
valves are presented in Table 4-1. Expansion joints were included for
temperatures up to 300°F. ’

Cost estimates for the piping installation are developed by individ- -
. ually estimating the cost of each component and installation step. = The
cost ‘estimate is comprised of the following items:

Removal of existing street or sidewalk surface
Excavation of trench

Hauling of excavated and backfill material

Concrete culvert and manhole construction

Piping installation, welding, x-ray and hydro testing

o O O © o o

Installation of isolation valves, fittings and expansion
joints ‘
Pipe and joint insulation

Concrete placement

Spreading and compaction of backfill material

o O O O

- Replacement of street or sidewalk surface

’

Some of the above items are not applicable to each piping installation
method evaluated, as for example, to conduit installation.- However, the
cost components were modified for each design accordingly.

Pavement and sidewalk breaking are considered as a separate operation
prior to excavation, however, depending on site conditions, contractors

and equipment, this operation could be reduced or even eliminated. No
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Table 4-1

DESIGN ASSUMPTIONS FOR COST ESTIMATES

Excavation is 50% machine[~50% hand. Medium dry

. s . !
soll conditions prevail.

Excavated material not reused. Select structural

£fill or sand used for backfill.
Excavated and backfill material hauled five miles.

Compaction of backfill required.

Pipe joint every 20 ft., all welded joints are

radiographed.

Pro-rated cost of accessories based on the following
number of fittings per 1000 ft. of piping system:
40 elbows, 5 Lees, 20 flanges, 2 valves (butterfly

type) , 5 expansion joints (bellows type); a

prefabricated concrete manhole every 400 ft.

Average manhour cost $15.45.
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shoring has been included in these cost estimates except for the speéific
case of Jackson Street. The shoring requirements vary greatly with area
conditions. To impose a requirement for shoring in a general cost
estimate might very well overestimate one area of the country or city
while under-estimating others. Shoring requirements can and do vary
regularly within the confines of one .city.

Previous studies have used schedule 40 carbon steel as the main
carrier piping in aTmost all sizes. In typical European district heat-
ing networks lower pipe schedules are employed. Therefore, for this
study all carbon steel piping is assumed to be schedule 10 in 14" sizes
and above, 10" and 12" piping is schedule 20, piping smaller than 10" is
schedule 40. The reduction in piping wall thickness requires, of course,
special attention to the network design and maintenance practices in
order to prevent groundwater penetration to the external piping surface.
The costs for welding of schedule 10 pipe are developed from analysis of

“the costs of welding heavier wall pipes and applying appropriate factors.
Costs for joining conduit piping are a]so factored in from analysis of
joining carbon steel and also from a review of costs presented’in Referenée'
65.

Manholes are requfred for expansion joints in street application.
Sidewalk applications may not require manholes, however they are included
in the sidewalk estimate. Costs for precast manholes are obtained from
Reference 66,

A1l excavation work was assumed to be 50 percent hand, 50 percent
machine. This provides for squaring the trench and excavating around
other utilities. To be conservative, the same ratio is used for sidewalk
excavation, however, a higher machine utilization factor could most
likely be applied. Sidewalk installations assume that the undisturbed
sidewalk and curb can be reused following installation of the district
heating network. ‘
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The development of piping system cost gstimates using the approach
described does not take into account the special and costly problems
associated with underground construction in major urban areas. The
major problem encountered is that of interference with foreign utilities
already in place under the city streets. Gas, water, sewer, telephone,
electrical lines, and subways represent significant congestion problems,
particularly in downtown areas. The interferences must be resolved by
routing the hot water piping around or under existing utilities, or by
relocating the existing utilities with the agreement of the specific
utility involved. In either case, the cost would be borne by the hot
water piping system.

Disruption of city traffic is another contributor to increased
costs. The permit issued to the contractor installing the hot water
piping will limit the working hours to minimize disruption of traffic.
Typically, no work will be done during morning and evening rush hours,
and in some cases work may only be permitted at night and on weekends.
These restrictions result in the payment of premium labor rates. Other
added costs include the use of bridging and plating at major inter-
sections to permit the continued flow of traffic. The previous studies
demonstrated that the piping cost may be doubled when interferences are
considered and factored in.27 However, in this study, with the exception
of Jackson Street, no figures were included for interferences within
urban areas. As can be seen in the discussion on Jackson Street, later
in this report, many different variables apply to make up interference
costs. To assume a tactor to provide for these costs is unrealistic and
may penalize one urban area, indeed a single street heavily, while not
penalizing another correctly. The interference cost, therefore, should
not be generalized and must be estimated on a site-by-site basis.

Costs for piping and other materials are based on budget estimates

provided by vendor's.66'79 Costs for earthwork, labor, equipment and

materials for different cities were developed using accepted reference
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65,66 The cost estimates are in

sources for the construction industry.
1979 dollars and include the overhead and profit for the installation
contractor. Overhead and profit are estimated as 45 percent on labor
and 10 percent on material. . In addition, 18 percent of labor costs fo
workmen's compensation and public 1iability insurance is included.
However, engineering costs for the piping system and interest during

construction cost have not been included.

The cost estimates developed do not specifically include a margin
for contingencies. However, the budget type estimates provided by
vendors undoubtedly included some margin for uncertainty. Also, the
extensive scope of a district heating project would lead to competitive
bidding tending to lower the total installation cbst.

Right-of-way and permit costs have not been included in the cost
estimates. Discussions with utility personnel have indicated that these
costs are insignificant when compared to the piping system costs.

4.2 COST ESTIMATE RESULTS

4.2.1 Concrete Culvert -Installation

Cost estimates for a concrete culvert installed under the city
street and sidewalk are developed separately for Minneapolis/St. Paul,
Boston, Baltimore, Philadelphia and Washington, D.C. using labor rates
applicable to each city. '

Concrete Culvert, City Street Installation

This design consists of two pipes in a single concrete culvert
installed beneath a city street. The culvert protects the pipe and
insulation from water submersion and the accompanying corrosion ahd
degradation of thermal and structural properties. Additionally, the
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culvert design protects the pipe from stones, street loads, inadyertént
interference from street work on other utilities.

The culvert itself must be designed for the appropriate loads.
Under typical U.S. city streets, the désign Toad includes provision for
an HS-20 truck 1oad.78’79 |
cover with flexible pavement, the walls, bottom and top slab will be of

If the cu]vertwhas less than two feet of

considerably heavier construction than if the earth cover is greater
than two feet. The design under consideration here has attempted to
minimize the trench depth to avoid the requirements for shoring. In so
doing, a cover of less than two feet has been imposed. Also, the wider

"~ the trench, the thicker the walls and the more costly the installation.
Three inches of space between pipes and walls has been provided for in
the estimates, however, European practice provjdes almost zero clearance,
which will effect some additional small cost savings. The concrete
culvert dimensions developed for street installation and utilized for
estimates are presented in Figure 4-1.

A six-inch sand bed has been included to provide for dréinage of
occasional water infiltration. If water appears fo be a constant problem,
then a drain line made of plastic piping can be placed at -the bottom of
the trench and covered with several inches of gravel and sand to provide
for drainage. A 3-inch drainage pipe can be installed for about $4 to
$5 per foot of trench. This concrete culvert is désigned to drain the
water to the manholes required for expansion joints and valving. The
manholes are then either periodically emptied by work crews or an automatic
means of pumping could be provided at additional cost. '

Calcium-silicate is used for piping insulation.

The cost estimates developed for the five U.S. cities are presented
in Tables 4-2 through 4-6 and the average cost in Figure 4-2. It should
be mentioned that the costs developed are in general agreement with the.
data based on practical installations in the Twin Cities.80 '
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CONCRETE CULVERT DIMENSIONS FOR
STREET INSTALLATION
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JTEM OR PROCESS
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7.39
8.14

19.78
34.35

185.7h

273.70

Screet

N s =
O~ e

.
O\
1 AD

ny

10.61
6.75
28.83

“h), 64

27.h9
81.12
6.87

.hs
7-39
3.1k

13.78
34.35

185.7h
327.38

=288

Sidewalk

ay

W =3Oy

0y

w v
8B KE YYER

Ny
[
e

Streex

16,71
12.09
23.55

7.75

.6.59
26.78

11.36
7.28
L2,08

154,29

30.0b
97.2

9-29

oo,
R IIZBA

39.
216.

371.15

Sidewalk

7.11
2.55
23.92
7.87

.3.7h
21.77

3.79
.67
27.60
99.02

32.0L
116.59
.20
11.71
.61
9.88
9.83

23.57
h3.07

2h7.50
3k6.52

Street

18.0h
12.99
25.07

8.26

6.59
28.06

12.01
7.67
kh, 59
163.28

32,0k
116.59
.20
11.71

.61

9.88 -

9.83
23.57
u3.07

247.50

410,78

TABLE b-2

- Sidewalk

9.22
3.28
27.39
9.02

3.74
- 28.39

h.32
32:36
118.k42

37.20
139.88

16:61

.71
13.60
11.22
27.08
50.83

297.37
415.79

2k
Street

20.72
1k4.56
28.18

9.28

6.59
33.13

13.40
8.58
49.98

184, k2



ITEM OR PROCESS

Civil Work

Excavation & Pavement Breaking:
Labor
Material

Formvork* Labor
Material

Concrete (Inc. Manholes):
TLabor
Material

BackTill & Reravement:
Labor
Materiel

Civil Work Overaead & Prcfit
Total. Civil Werk
Mechanical Work

Pipe. Fittings, Supports:
Labor
Material
Valves: Labor
Material
Expamsion Joints:
Lahor
Material
Insu_ation Labor
Material
Mechanical Overheads & Profits

Tota® Mechanical Work

Total Civil & Mechanical

-t

PIPING SYSTEM COST ESTIMATE

(Concrete Culvert Design, $/Ft of Piping System)

Boston, Mass.

PIPE OD {IN)

10 12 1b 16
Sidewalk Street Sidewalk Street Sidewalk Street Sidewalk Street
4.35 12.27 4.88 13.87 5.46 15.06 6.40 16.12
1.C0 5.81 1.11 6.uk 1.2h4 7.00 1.b5 . 7.38
16.25 17. 44 17.85 19.03 "19.51 20.62 21.4) 22.20
b.c1 5.27 5.39 5.75 5.90 6.23 6.47 6.71
3.¢9 5.15 3.09 5.15 3.09 5.15 biz 721
1h.39 19.51 15.07 21.68 15.91 22.51 21.99 27.67
2.89 9.18 3.08 9.99 3.33 10.67 3.61 11.38
..32 364 33 3.99 .36 h.2y 4o h.50
18.81 31.12 20.46 34,04 22.12 36.LY 25.44 1.9
66.C1 109.39 7L.20 119.94 76.92 127.92 91.29 14k, 66
21.139 21.39 23.66 23.66 27.42 27.k2 30.02 30.02
40.€7 40.67 53.36 53.36 7h.22 74,22 85.97 85.97
11 .11 .13 .13 .15 .15 .17 L .17
2.77 2.77 3.66 3.66 5.72 5.72 7.28 7.28
.33 .32 .39 .39 A5 - ks .50 .50
b, kY b, WY 5.48 5.48 6.85 6.85 7.83 7.83
6.5 6.7% 7.36 7.36 8.27 8.27 8.89 8.89
15.23 15.23 17.03 17.03 18.97 18.97 20.96 20.96
2h. 32 2. 32 .82 25.82 33.45 33.L5 37.1k 37.14
116.01 116.01 13%.89 136.89 175.50 175.50 198.76 198.76
182.02 225.40 208.09 256.83 252.h2 303.b2 290,05 343.L2

Sidewalk

32.82
103.08
9.84

.61
9.37
10.73
22.97
4248

232.10

32944

Street

17.93
8.06
24,20
7.31

_7.21
30.L4

12.19
4.85

43,83
156.02

32.82
103.08
.20
9.8k

.61
9.37
10.73
22.97
42,18

232.10

338.12

Sidewalk

7.63
1.70
2k.s8
7.43
hoi2
23.58

b.o7
s

28.38

101,94

35.00
123.56

12,41

.66
10, b7
10.73
24,98
k6,51

26h .54

366,48

Street

35.00
123.56

12.h1

.66
10.47
10.73
24.98
46.51

26k, 5h

ng,hs

TABIE 14-3

Sidewalk

9.89
2.18
28.1h
8.50

b2
30.29

L.6h
.51

33.65

121.92

4o.6k

118.2h .

.26
17.60

LTI
JURSY
12.26
28.70
5u, 88

317.76

139.68

2h -
Street

22.23
9.70
28.96
8.75

7.21
36.86

14,38
5.72

51.93
185.74

Lo.64
148.24
.26
17.60

-T7
1h. W1
12.26
28.70

317.76

€~ FIaVT B



PIPING SYSTEM COST ESTIMAYE TABIF L-k

(Concrete Culvert Design, $/Ft of Fiping System)
Baltimore, Maryland

ITEM OR PROCESS PIPE OD (IN)
10 12 1h 16 18 20 2h
: - fidewalk Street Sidewalk Street Sidewalk Street Sidewalk * Street Sidewalk Street Sidewalk Street Sidewalk Street
Civil Work .
Excavation & Pavement Breaking:
Labor 3.68 11.36 b.12 11.72 h.61 12.73 5.41 13.63 6.0l 15.16 6.h5 16.3€ 8.36 18.80
Material .99 5.67 1.09 6.28 1.21 6.83 1.b1 7.20 1.56 7.87 1.66 8. ks 2.13 9.h7
Formwork: Lahor 14,93 15.81 16.17 17.25 17.68 18.69 19.40 20.12 20.85 21.93 22,27 23.3¢ 25.50 26.24
Material 5.%9 5.57 5.70 6.08 6.23 6.59 6.8 7.09 7.35 7.73 7.85 8.23 8.9 9.25
Concrete (Inc. Manholes): .
Labor 2.72 4,63 2.72 4.63 2.72 4,63 3.68 6.54 .3.6° 6.54 3.68 6.54 3.68 6.5b
Material 4.3 12.92 14.93 21.35 15.80 22.01 21,77 26.72 22.85 29.57 23.54 30.91 30. b4 36.20
Backfill: Labor 2,44 7.76 2.61 8.%5 2,82 9,04 3.05 9.63 3.25 10.31 3Ly 10.90 3.92 12.16
Material .31 2.55 .33 3.89 .35 b, 1k .39 4,39 R 4,73 Lk k., 90 .50 5.58
Civil Work Overhead & Profit 16.93 27.69 18.36 30.25 19.90 . 32.38 22.93 36.00 2u. 5k 38.99 25.94 41,26 30.35 6. 22
Total Civil Work P 6L, 22 53,98 66.03 109.70 71.32 117.04 84,88 131.32 90.53 142.83 . 95.27 151.01 113.87 170.46
Mechanical Work
Pipe, Fittings, Supports:
Labor 18.11 15,41 20.37 2a. 37 23.60 23.60 25.85 25.85 28.25 28.25 30.14 30.14 34.99 3L.99
Material 39.34 29,04 51.21 5121 71.2h 71.24 82.52 82.52 98,94 98.9h4 118.60 118.60 1k2.29 1k2.29
Valves: Labor .29 .09 .11 .11 .13 .13 .15 .15 17 .17 .19 .19 .22 .22
Material 2.3 2.66 3.51 351 5.l4g - 5.h9 6.99 6.99 9.45 9.5 11.91 11.91 16.90 16.90
Expansio:. Joints: ' ’
Labor .2 .28 .33 .33 .38 .38 b3 .43 .52 .52 .57 .57 .67 .67
Material bh.26 h.26 5.26 5.26 6.57 6.57 7.52 7.52 9.00 9.00 10.05 10.05 13.84 13.84
Insulation: Labor 5.30 5.80 6.34 €. 3h T.12 7.12 7.65 T7.65 9.2L 9.2k 9.24 9.2h 10.55 10.55
Material 14,51 1h.61 16.35 1€.35 18.21 18.21 20.12 20.12 22.05 22.05 23.98 23.98 27.55 27.55
Mechanical Overheads & Profits 21.59 21.59 2h.7h 2h. 7l 29.83 29.83 33.19 33.19° 38.00 38.00 b1, 74 b1, 7h 49.32 L9, 32
Total Mechanical Work 106. 7k 1¢6.Th 128.22 12€.22 162.57 162.57 184,42 184 .42 215.62 215.62 - 2h6.h2 2h6. b2 296.33 296.33
Total Civil & Mechanical 167.36 206,72 194,25 237.92 233.89 279.61 269.30 315,74 306.15 358.k45 341,69 397.43 410.20 L66.79

h=% TIIVL
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ITEM OR PROCESS

Civil Work

Excavation & Pavement Ereaking:
Labor

Material

Labor

Material
Coacrete (Inc. Manholes):
Labor

Material

Labor

Material

Ciwvil Work Overhead & Profit

Formwork:

Backfill:

Total Civil Vork
Mechanical Werk

Pipe, Fittings, Suppor:s:
Labor
Material
Labor
Material
Expansion Joints:

Labor
Material
Labor

Mater al
Mechanical Overheads & Profits

Valves:

Insulation

Tctal Mechanical Work

Tctal Civil & Mechanical

eL-v

Sidewalk

22.70
38.69
2.6h

.34
L. 22

6.98
Lh.bg
°h.98

115.15

131.12

Street

11.02
6.19
19.18
5.10

5.01
17.h2
8.2h
3.88
30.64

106.68

Sidewalk

4.38
1.19
19.63
5.22

2.98
13.94
2.77
20.79
71.26

2. Uy
50.76

3.8

RG]
5.21
7.61

16.20
28.12

136.33

207.64

PIPING SYSTEM COST ESTIMATE

(Concrete Culvert Design, $/Ft of Piping System)

12
Street

12,45
6.86
20.93
5.57

5.0L
19.55

b.25
33.47

115.07

136.38

251.h5

Philadelphia, Pa.

PIPE OD (IN)
1k

Sidewalk Street
k.90 13.52
1.32 7.46
21.h6 22.68
5.71 6.0
2,98 5.0
14,76 - 20,3
2.99 9.5
.38 4.5
22.59 35.72
77.09 iz4. 91
28.36 23.36
70.61 70.61
.15 .15
5.l 5.4k
RT3 .46
6.52 5.52
8.56 8.56
18.05 18.05
33.71 33.71
171.86 171.86
248.95 296.77

Sidewalk

31.06
B1.78

€.93

16
Street

31.06
81.78
6.93

.51
7.45
9-19

19.94
37.40

194.143
333.99

Sidewalk

6.41
1.70
25.30
6.73

4,00
2134
3.45

27.69
97.07

33.94
98,06
.21
9.36

.63
8.92
11.10
21.85
42,73

226.80

123.87

18

Street

n =
O~ AP

. .

= N
L3Ie 288

\n
-
p

43,0l

33.94
98.06
9.36

.63
8.92
11.10
21.85
42.73

226.80

379.1h

TABLE b-5
20

Sidewalk Street Sidewalk
6.8l 17.37 8.88
1.81 9.23 2.33
27.03 28.33 30.95
7.19 7.53 8.23
4.00 7.04 L.00
22,00 28,54 28.57
3.65 11.57 h.17

48 5.45 .54
29.30 45.59 34,62
102.30 160.65 "122.29
36.21 36.'21 R -Xoll
117.54 117.54 141,01
.23 .23 .27
11.80 11.80 16.75
.69 .69 .80
9.96 9.9 13.71
11.10 11.10 12.68
23.76 23.76 27.30
46.69 46.69 55.03
257.98 257.98 309.59
360.28 418.63 431.88

2h
Street

19.96
10.34
31.85

8.u47

7.0k
33.60
12.91
6.10
51.05

181.32

L2, 0l
141.01

16.75

.80
“13.71
12.68
27.30
55.03

309.59

“u90.91

S-t TIAVL



1TEM OR PROCESS

Civil Work

Excavation & Pavement Prealdng:

‘Labor

Material
Formwork: Labor

Material
Concrete (Inc. Manholes):

Lebor

Material
Backfill & Repavement:

Lsbor

Material
Civil Work Overhesd & Profit
Total Civil Work
Mechanical Work
Pipe, Fittings, Supports:

Labor

Material
Valves: Labor

Material
Expansion Joints:

T.ebor

Materisl
Insulationt Labor

Material
Mechenical Overheads & Profits
Total Mechenical Work

Total Civil & Mechsnical Wark

vi-¥

PIPII'G SYSTEM COST ESTIMATE

(Concrete Culvert Design, $/Ft of Piping 3System)
Washington, D. C, .

PLPE 0D (IN)

10 t2 1k 16
Sjdewalk treet Sdewalx Street Sidevelk Street Sidewalk Street Sidewalk

3.7h 10.55 419 11.G2 4.69 12.94 5.50 13.85 €.1h
1.23 7.13 1.37 7.0 1.52 8.59 1.78 9.06 1.96
15.52 16.65 17.04 18.17 13.62 19.69 20.44 21.19 21.96
5.72 5.60 5.73 6.10 3.26 6.62 6.87 7.12 %-39
2.76 460 2.76 h.60 2,76 k.60 3.68 6,44 .68
12.95 17.69 13.55 19.61 14,30 20.35 19.78 25.10 20,71
2.48 7.89 2.65 8.9 2.86 9.18 3.10 9.78 .30
-39 b.b7 .n L.c0 b 5.21 .48 5.53 .52
17.h2 28.50 18.89: 31.12 .48 33.33 23.50 36.35 2%.16
€1.71 103.08 66.59 112,91 .93 120,51 85.13 23k, 42 ¢0,82
20.L46 20.46 22.63. 22.63 .23 26.23 28.73 28.73 .39
29,70 39.70 52.08 52.08 72,45 72.U5 83.91 83.91 100,62
.10 .10 .12 .12 .1h Ll .16 .16 .19
2.71 2.7 3.57 3.57 5.59 5.59 7.11 7.11 @.60
.31 .31 .37 .37 43 b3 .48 48 .58
b, 33 h.33 5.35 5.35 5.69 6.69 7.65 7.65 .15
6.U4s 6.45 7.0h4 7.0k 7.92 7.92 8.50 8.50 10.27
1h4.87 14.87 16.62 16.62 18.52 18.52 20.k6 20,L6 22,42
23.38 23.38 26.76 26.76 ®.21 32.21 35.77 35.77 k.92
112.31 112.31 13L. 5k 13h4. 54 170.18 - 170.18 192.77 192.77 225.1h
. 174,02 215.39 201.13. 247.45 2h2.11 290.69 277.90 327.19 31%5.96

18
Street

41

N L
=1 IO N

.10
ST

6.44
27.56

10.48

40,04
346.66

31.39
200.62
.19

.58
9.15
10.27
22,42
40.92
z25.1h

z71.80

20
Sidewalk

6.55
2.09
23.46
7.89

3.68
21.30

3.50

".55
26.61
95.63

33.49
120.61
.21
12,11

.64
10.22
10.27
2h.38
Ll 8k

256.77

352.70

Street

16.63
10.63
24,59

8.27

6,44
28.71

11.08
6.28

LR
155.0k4

33.u49

120.61°

.21
12.11

.6l
10.22
10.27
24,38
hh, 8k

256.77

b11.81

TABLE

Sidewalk

8.50
2.68
26.87
9.03

3.68
27.24

3.99
.63

31.08
113.70

38.88
1hl. 70

.25
17.18

.74
-1h.07
11.73
28.02
52.91
308.18

422,18

Street

19.11
11.91
27.6h

9.30

6.44
33.26

12.36
* 7.02
17.46
174,50

38.88
1k, 70

.25
17.18

.Th
14,07
11.73
28.02
52.91

308.148

432,98

9=t HIAVL



INSTALLATION COST, $/FT.

AVERAGE PIPING INSTALLATION COST
FOR FIVE U.S.CITIES

CONCRETE CULVERT DESIGN

500

NN

o
o
o

200

100
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Concrete Culvert, Sidewalk Installation

This design is essentially similar to Figure 4-1 with the exception
that the culvert is installed bengath the sidewalk. Sidewalk install-
ation has several advantages over street installation which combine
together to effect a considerably lower estimated cost.

The sidewalk design load is such that the structural characteristics
of culvert walls, floor and cover can be greatly reduced. The culvert
cover can, in fact, be the sidewalk, if so0 desired. This also allows
tor a shallower cxcavation which reduces the possibility of shoring.
Another benefit of sidewalk installation is a reduction .in the number of
interferences. Most service lines are located beneath the street, only
branch connections and possibly transformer vaults may cause interference
problems.

Installing district heating lines beneath the sidewalk has the
added benefit of providing for snow and ice melting. This feature is of
benefit not only to pedestrian traffic, but building owners who would
otherwise empioy personnel to ettect clearing of sidewalks. Maintenance
benefits to a sidewalk installation are numerous. The entire system is
not subjected to the loading of traffic which may cause eventual failures.
It is not as subject to damage by contractors for other services. Since
the culvert is not as deep, it is less subject to ingress of ground
water, thereby lessening the possibility of corrosion to the pipe and
destruction of the insulation. Access to the pipe and insulatjon for
maintenance and inspection is also greatly simplified. Salt induced
corrosion is also eliminated (when salt is used for snow melting).

Use of thc sidewalk may be limited due to physical interferences

and legal obstacles. These Timitations will differ from city to city
and should be investigated on a case-by-case basis.

4-16



The concrete culvert dimensions developed for sidewalk installation
and utilized for estimates are presented in Figure 4-3, The cost estimates
are presented in Tables 4-2 through 4-6 and the average cost in Figure
4-2.

4.2.2 ' Conduit Installation

The design is for direct buried pipe using a conduit for each
pipeline rather than a culvert for protection of the pipe and insulation
material. The piping insulation and conduit material may vary for this
design, however, the susceptibility to corrosion for carbon steel materials
is quite high unless alternate means of protéction are provided. Several
means of protection are available and currently in use. The methods
selected for our cost analysis were: carbon steel pipe with calcium
silicate insulation encased in a welded steel pipe protected with an
epoxy ccating similar to RicWil's "ImperiaT" design, and, as alternates
for cost comparison figures, carbon steel with polyurethane insulation
and an outer polyethylene casing similar to RicWil "Terra Guard."

Piping systems with polyurethane insulation and polyethylene casing are
only useable for lower temperature instailations, below 250°F.

The piping installation dimensions developed for conduit
design and utilized for estimates are presented in Figure 4-4. The cost
estimates are presented in Tables 4-7 and 4-8 and in Figure 4-5. As can
he seen from the cost data, the advantages in initial installation costs
are substantial for lower temperature systems when compared with the
steel casing installations. ' ‘

4.2.3 - Ductless Installation with Powder Backfill

This design employs the use of an insulating powder backfill
‘similar to that manufactured by the American Gilsonite Corp. or Protexulate,
Incorporated. Essentially this design consists of installing pipe in a



CONCRETE CULVERT DIMENSIONS FOR
SIDEWALK INSTALLATION

) ] r-i
. \ N i
E D
— 6"—@
—t i s —
Y
-
G
\ K
L )
J —
A% B C D E F- G H T . J
10 -39 Ls 19 26 3 3 I 20 a7
12 - 43 Lo 21 28 3 3 L 32 61
1k L7 53 23 30 3 3 L 34 65
16 51 59 25 34 L L 5 38 71
18 55 63 27 36 L b 5 Lo 75
20 59 65 29 38 L L 5 L2 77
2L 67 77 33 . Lb 5 5 6 48 89
30 79 89 39 50 5 5 6 54 101
*Nominal Pipe Diameter
A1l dimensions- in inches
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CONDUIT DIMENSIONS

é ASPHALT
1

F CONCRETE
oy

STREET — SIDEWALK INSTALLATION

CONDUIT DESIGN

ITEMS

STREET INSTALIATION

SIDEWALK INSTALLATION

Carrier Insul. Insul. Casing
pipe Type Thickness Diam.’

size - A B C D E F G B C D E F. G*
2 Cal Sil 1.5 8.75 36 L6 32 ‘24 6 I 15 19 32 3 4 -
2 PU Foam 1.5 5 32 42 24 24 6 I 11 15 24 3 N -
4 Cal 8i1 1.5 10.75 38 48 36 24 6 4 |17 21 36 3 L4 -
I PU Foam 7 6 33 43 26 24 6 L 12 16 26 - 3 L -
6 Cal Sil 1.5 12 39 L4 38 24 6 h 18 22 38 3 I -
6 PU Foam .7 8 35 45 330 24 6 L 14 18 30 3 4 -
8 Cal Sil 2 16 b3 53 L6 24 6 4 2 26 L6 3 L -
8 . PU Foam 7 10 37 b7 3% 24 6 Yy 16 20 34 3 N -
12 PU Foam .6h 1L b1 51 42 24 6 - 4 20 24 L2 3 4 -
16 Cal Sil 2.5 24 51 61 ‘62 24 6 4 30 3% 62 3 L -
16 PU Foam - 1.9 20 W7 57 s4 25 6 . 4 26 .30 54 3 L -
*No Asphalt required - _
4-19 FIGURE 4 -4

" All dimensions in inches




TTEM OR PROCESS

Civil Work

Excavation & Pavement 2reaking:

Labor
Materi al

Fermwork Labor
Material

" Cencrete (Inc. Manholes)
Labor
Material

Rackfill: Labor
Material

Total Civil Work
Mechanical Work

Pipe, Fittings, Supports:
Labor
Material
Valves: Labor
Material
Expansion Joints:
Labor
Material

" Total Mechanical Work
Overheads & Profits

Total

02-v

Sidewalk

1L.66
&9

.16

.05
ol

2.00

1.87
1144

10,14
60.29
.13

.15
1.10
73.06
18.73

103 23

FIPING SYSTEM COST ESTIMATE

{Und2rground Conduit Design,$/Ft of Fiping System-

Carbon Ste:1 with Calcium Silicate Insulation end Steel Casing

Street

5.97
3.65
1€
.05

.9le

0 o
3

82
24,58

10. 1k
60.29

.13

73.06
23.83
121.47

PIPE OD (IN)
y
Sidewalk Street
1.92 6.74
.57 4,01
.21 .21
.06 .06
.94 .9k
2.05 2.05
4.68 10.32
2.01 3.21
12.bY 27.54
16.28 16.28
83.35 83.35
.07 .07
.86 .86
.20 .20
1.80 1.80
102.55 102.56
24.38 31.43
139.38 161.53

Sidewalx

2.10
.61
.23

.9h

2.1h

13.22

22,52

1.48

.26
.71

ny

123,57
30.79
373.58

Street

-3

.29
4.33

.94
2.09
10.85
3.37

29.17

22,52
102.52

1.48

2.1
129.57
38.22
196.96

Sidewalk

2.88

.34
.10

.ol
2.18
6.u11
2.63

16.32

26.17
145,62

1.85

.36
3.39

177.52
39.11
232.95

TARLE L4-7

Street

26.17
145,62

1.85

.36
3.39

177.52
h8.32
261.88

L-7 FIEVL



PIPING SYSTEM COST ESTIMATE

TABLE 4-8
(Underground Condult Desigr,$/Ft of Piping System)
Carbon Steel Pipe with Polyurethane Insulation and Polyethylene Casing
ITEM OR PROCISS ) PIFE D (IN)
2 L 6 8 :
Sidewalk Street Sidewalk Street Sidewalk Street Sidewalk Street.
Civil Work
Ercavation & Pavement 3reaking: o -
Labor 1.10 4.35 1.21 b.56 1.50 5.54 1.85 6.28
Material .33 2.75 .36 2.75 by 3.36 .5k 3.71
Fermwork: .
Labor . .07 .07 .11 .11 .1h Bt .19 .19
Material .02 .02 .03 .03 .ol Ko .05 .05
Ccncrete (Ine. Manholes):
Labor .94 .9k .9l .94 .9k .94 K .9k
Material ‘L.91 T1.91 1.96 1.96 2,00 2.00 2.05 2.05
Backfill:
Labor 2.83 6.36 3.09 7.12 3.64 8.u6 — h.34 9.58
Material 1.30 2.07 1.h2 2.217 1.6b 2.67 1.89 3.04
Tetal Civil Work 8.50 18.h7 9.12 19.74 10,34 23.15 11.85 25.84
Mechanical Work )
Pipe, Fittings, Supports: e
Labor 8.20 8.20 13.66 13.66 19.62 19.62 25.6k 25.64
Material 17.74 17.74 31.28 31.28 45,96 45,96 62.24 62.24
Valves: . .
Labor .ol .ol .07 .07 .09 .09 .13 .13
Material 1.25 1.25 .86 .86 1.48 1.48 1.85 1.85
Expansion Joints:
Labor 11 .11 .22 .22 .28 .28 .36 .36
Material 1.10 1.10 1.80 1.80 2,71 2.7 3.39 3.39
Tctal Mechan.cal Work 28.L) 28,44 47.89 47.89 70.1k 70.14 93.61 93.61
Overheads & Profit 10.7h 19.32 15.92 20.90 21.9k4 27.91 28.27 34.80

Tctal lry. 68 62.23 72.93 88.53 102.42 121.20 133.73 154,25

Le-v
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trench and backfilling with the insulation material. The insulating
material is water repellent and when compacted properly should prevent
water from migrating to the pipe surface by capillary action. To provide
for drainage in the event of seasonal water problems, a layer of drainage
material, such as sand and gfave] or a concrete aggregate mix, should be
installed with a porous drainage pipe to provide for water run off.

These are manufacturer's recommendations and they have been included in
the design.

The piping installation dimensions utilized for estimates are
presented in Figure 4-6. The cost estimate developed for a 16 in.

piping Tine is presented in Table 4-9.

4.2.4 Piping Cost for:-Jackson St., St. Paul, Minnesota

Part of the scope of work for this report was to analyze a
typical street in downtown St. Paul, Minnesota and perform a cost estimate
for a 16 in. district heating line for the various designs as applied to
this area. Northern States Power assigned a four biock section of
Jackson Street between Kellogg and Seventh Streets as a‘typical street.

A visit was made to St. Paul to review the area, and to discuss
the design with Northern States Power. Photos were taken of the Jackson
Street area and are shown in Appendix I. Discussions have been held
with most of ‘the major utilities responsible for the underground install-
ation. Some utilities services piping were identified and located using
existing drawings. The results are as shown in Figure 4-7 which plots
the existing utilities for the four block area of Jackson Street.

Figuré 4-7 gives some indication of the maze of utility services
beneath Jackson Street. Attempts at locating the hot water district
heating lines in the street were fraught with numerous interferences and
associated high costs. Discussions with the phone company, power company,

4-23
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PIPING INSTALLATION COST COMPARISON*

$/Ft of Piping System

16 Inch Carbon Steel Carrier Pipe

Item or Process

Sidewalk Installation:

Pavement Breaking & Excav.

Forms

Concrete

Backfill & Repavement
Manholes

Pipe & Fittings
Butterfly Valves
Expansion Joints
Insulation

Overhead & Profit

"Total For Sidewalk

Street Installation:

Pavement Breaking & Excav.

Forms

Concrete

Backfill & Repavement
Manholes

Pipe & Fittings
Butterfly Valves
Expansion Joints
Insulation

Overhead & Profit

Total

Footnotes

* TInterference cost with other street utilities is not included.

Installation Method

Table 4-9

Concrete Conduit, Conduit, Ductless with
Culvert Steel Polyethylene Powder

: Casing Casing Backfill
7.61 6.17. 4.93 7.86
28.35 .79 .63 12.15
24, 32 .68 .50 .45
3.81 13.06 10.93 21.68
2.76 2.76 2.76 2.76
112.L46 329.81 195.37 113.96
7.13 7.19 7.18 7.13
7.99 8.15 8.11 7.99
29.00 *% * 76.90
59.51 65.65 49,08 60.28
282,94 43k, 26 279. k9 311.16
23.khk2 20.05 16.99 15.94
29.39 .79 .63 12.15
3)4_. 56 .68 .50 .’45
15.73 25.18 21.30 21.67
2.76 2.76 2.76 2.76
112.46 329.81 195.37 113.96
7.13 7.19 7.18 7.13
7.99 8.15 8.11 7.99
29.00 *> ** 76.90
71.38 77.83 59.57 63.08
333.82 h72.4h 312.41 322.03

*¥ Tnsulation included with pipe & fittings.
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sewer authority, gas company, and other utilities involved resulted in
the following conclusions.

Relocation of phone company equipment is a lengthy and expensive .
process. Since no interruption of service can be tolerated, it was
explained, a new service must be installed in its entirety prior to
removal or relocation of existing equipment. In buildings such as the
Federal Government Building at Kellogg and Jackson, this could be quite
an expensive, time consuming operation. Phone company services are
typically located between two and four feet below the street surface.

Northern States Power Company Electric Distribution'personnel
provided drawings and information indicating two main distribution
networks under Jackson Street. Again relocation of facilities is not
desirab]e and would be costly. Typical depth of the distribution system
is three to four feet, although some are as deep as six feet. Manhole
depths are four to six feet. Transformer vaults may be located beneath
sidewalks.

The sewer Department provided drawings showing the mains, but
not all the connections for both sanitary and storm sewers. They stated,
however, that normally an 8 foot depth is maintained for both mains and
building connections. Occasionally the storm sewer catch basis connections
may be above this eight foot elevation.

Water Department drawings were also obtained which showed the
Jocation of their services. Water mains, except for the large tunnels
are also generally below the frost elevation of eight feet. Tunnels are
normally designed with a cover of two feet.

The gas company has very few service mains along Jackson

Street.‘ Gas lines, however, are normally between 2 to 4 feet below the
surface. Relocation of gas mains is more readily accomplished than
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electric and telephone lines. Other-utilities in the street include
Western Union, traffic signal controls, street lighting, and existing
steam lines for district heating.

The composite drawing was developed based on the material
collected and shows the approximate locations of existing utilities
(Figure 4-7). Site inspection (see photoslin Appendix 1) and discussions
with utility personnel summarized above lead to the conclusion that
installation under the sidewalk along the east side of Jackson Street
would result in the least number of interferences. Only a question of
access along the block between Fourth and Fifth exists since the building
basement may extend to the curb line. The following discussion covers
the construction of a hot water network on a block by block basis for a
sidewalk installation.

Kellogg and Fourth Streets

Excavation of the sidewalk between Kellog Blvd. and Fourth
Street is stréightforward. Excavation is simplified since the property
adjoining the sidewalk is a parking lot. At most,.a small gas line will
require relocation at nominal cost and some abandoned service lines will
have to be removed in the excavation process.

As with all sidewalk excavation at the curbs, traffic control
and street lighting cables will have to be identified, worked around,
and possibly relocated. This first section of sidewalk is wide enough
and should not present any problems.

Fourth-Fifth Streets

Between Fourth and Fifth Streets, the sidewalk is relatively
narrow and adjoins the offices of Burlington Northern. Excavation to
the curb Tine may be required, however, there are no street lights and
only some parking meters may require relocation. For purposes of this

study, it is assumed that there is no restriction on using this sidewalk.
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If it turns out that the building basement does go to the curb line, two
alternatives could be investigated. Either go into the street for this
block or, and which may be less costly, go through the building basement
if the owner permits.

Fifth-Sixth Streets

The block between Fifth and Sixth Streets has a small building
with offices and a tavern. Here again the routing may require going

either into the street or through the tavern basement. The majority of
this block, however, is a parking 1ot, and sidewalk excavation should be
straight-forward with only one street 1ight and some parking meters to
relocate and/or reinstall.

Sixth-Seventh Streets
Between Sixth and Seventh Streets is a recently completed

apartment complex. The sidewalk here is wide enough for easy excavation.
Utility services should pose no problem since they are fairly shallow
and may only require slightly deeper excavation.

Seventh-Eighth Streets
This block contains another parking lot adjacent to the sidewalk

and therefore presents no problem for the sidewalk installation of
district heating pipes.

Interferences with Other Utilities
An attempt has been made to determine the effect on the cost

of the piping system of the interferences with other utilities in Jackson
Street. Reviewing the photos of the street one can see some small added
costs using the sidewalk installation method, some of which were mentioned
previously. A number of parking meters will require removal, and reinstallation
of parking lot bumpers may also be required. These costs are minor and

were not considered for the purpose of this report.
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In fhis particular street containing a number of parking lots,
the problem of interferences with other utilities is minimized. The
services which could pose an interference problem at the elevations
under consideration are electric, gas, steam, and telephone. Water,
sanitary sewers, and storm sewers customarily exit or enter buildings
below the eight foot frost elevation.

For the blocks being studied and the buildings involved, there
do not appear to be many interferences when usihg the sidewalk. Telephone
service enters the Burlington Northern (BN) and Tavern Buildings from
Fifth Street. Electric does enter the Tavern Building from Jackson
Street, however, this should be an easy service to relocate considering
its size. Electric supply services appqpéht]y enter the BN Building
from Fifth Street. The appartment complex may require the district
heating system to go under these services.

The most difficult and therefore most expensive part of the
piping system along this stretch of Jackson St. is the street intersection.
At these points many of the other utilities are crossed and their elevations
can and do interfére with the district heating system.

An additional obstacle is the large quantity of existing
manholes in the intersection. For this study we are assuming an offset
in the piping at the intersection to avoid these manholes.

From the data gathered to date, it appears that the majority
of utility interferences are 4 ft. and above or 8 ft. and below. For 16
inch piping in a concrete culvert this just leaves the necessary 4 ft.
of space for district heating lines, but at a deeper than desirable
elevation.

For purposes of this report we have estimated the additional
excavation and piping installation costs for crossing the intersection.
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~ In addition to the deeper excavation, street crossings may
require working during the off-hours to ease traffic congestion. Manhour
cost estimates for this intersection work were figured on a double time
basis. Additionally since working at night is more difficult, the
manhours to complete the work were increased by 50% to provide for
reduced productivity.

Manholes, although included in the cost estimates, are probably
nét required since removable sidewalk surface sections could probably. be
utilized. Manholes were assumed mainly for expansion joints and with
the -configuration of piping now under consideration, a great deal of
expansion will probably be taken in the loops under the intersections.
Manholes would therefore be reduced, eliminated or, if required, placed
in the center of a block to minimize interferences.

Table 4-10 presents the interference costs estimated for the
concrete culvert sidewalk installation of Jackson Street. As can readily
be seen, this is more than three times the cost of a normal insta]]atioh‘
on a per foot basis. However, the interference cost contributed about
40% to the specific piping cost per foot (Table 4-11 and Table 4-12).
This supports the previous statement that the interference cost is a
- function of a particular site and cannot be generalized.

To extend the piping from Jackson Street to the Third Street
Station, a brief inspection of Kellogg Street was made during an on-site
inspection, (see photos). There appears to be available, large open’
areas in the form of parks and road dividers which look promising foh
installation of district heat piping. From Third Street Station to High
Bridge Station there are also large open areas, parking lots, high
voltage tower rights-of-way, etc., which appear promising as avenues for
installing mains for district heating purboses.
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Cornicrete Culvert Des:gn - Sidewalk Installation - 16 in. Jarbon Steel

PIPING SYSTEM COST ESTIMATE

Jackson Streetv Intersections

Table 4-10

o

Matl Labor Total Total Total Total,

Cost $ per Cost $ per Units Matl Labor

Unit Unit $ $
Pavement Breaking 8.56/ft - 7.28/ft Lo ft 3h2 291 - 633
Excavation .50/y33 5.81/yd3 72 ya3 36 418 N
Forms 7.11/ft 21.60/ft 40 ft 285 86kL 1149
Shoring L7571t h3.56/ft Lo ft 190 1742 1932
Hauling 1.h2ryad .97/yd3 90 yd3 128 87 215
Concrete 2h.05/ft 6.59/ft Lo ft 962 o6k 1226
Backfill 3.95/y43 1.65/ya3 80 ya3 316 132 448
Compact - 20.76/ya3 6l ya3 1329 1329
Repavement 5.53/ft 3.65/ft Lo ft 221 146 367
Piping & Mechanical 115.16/ft 36.23/ft Lo ft 4606 1hho. 6055
Sub Total 7086 6722 13808
Premium Time for Labor 6722 6722
Labor loss of product:vity 6722. 6722
Overhead & Profit on Labor 12705 12705
Profit on Material 709 | 709
Total 7795 32871 L0666
'Dollar/Ft of Piping S¥stem @ Intersection <1017
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Block

Kellogg - Fourth
Fourth - Fifth
Fifth - Sixth
Sixth - Seventh

Sub Total
Intersection

Half of Kellogg
Fourth

Fifth

Sixth

Seventh

Sub Total

TOTAL

Piping Cost, $/ft

TOTAL PIPING MAIN COSTS
Concrete Culvert Design
Jackson Street-St Paul, Minnesota

Beneath East Sidewalk

Length,ft

280
311

316

315

1222

35
b1
o)
50
40

206

1428
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Table L-11

Cost, §

77,000
85,000
86,000

86,000

334,000

36,000
42,000
41,000

51,000
41,000
211,000

545,000

382



Table 4-12

COST COMPARISON OF CARBON STEEL PIPING
HAVING DIFFERENT WALL THICKNESSES

. Wall - Piping Piping
Pipe Size Thickness ! Weight Cost

(inches) Schedule (Inches) {cu.ft.) ($/ft.)
.10 _ 20 .25 28.04 12.52
30 .307 34.24 13.75
40/5td . 365 40.48 15.51
12 20 . o 25 33.38 17.55
30 .33 43.77 17.77
Std .375 - 49.56 19.25
40 . .406 53.52 20.90
14 10 .25 36.71 22.06
20 .312 45.61 22.29
30/std .375 54.57 22.49
40 .438 63.44 26.53
16 10 : .25 42.05 25.14
20 .312 52.27 25.43
30/std . 375 62,58 25.63
40/XS .500 82.77 34.12
18 10 .25 47.39 29.32
20 .312 58.94 29.61
std .375 70.59 29.89
30 .438 . 82.15 33.66
XS .500 93.45 38.29

40 .562 ' 104.67 -
20 ' 10 .25 52.73 . 32.54
20 .375 98.60 33.18
30 .500 104.13 42.50

40 .594 123.11 -
24 10 .25 63.41 38.59
20/std .375 94.62 39.34
XS .500 125.49 50.44

40 .688 171.29 -
26 Std .375 102.63 44.85
20/XS .500 136.17 57.66
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4.2.5 - Piping Cost Analysis

The primary objective in all of the estimates performed was to
reduce costs wherever possible, without sacrificing service life or
reliability of the district heating .network. From the estimates developed,
it is evident that, regardless of location, the highest cost item is the
mechanical material, with the next Hiéhest being mechanical labor. Cost
reduction efforts therefore should be concentrated on the piping materials
and labor to have the greatest effect. Other major items of expenses
included street excavation, formwork, insulation and concrete.

One area of cost reduction which was investigated is the
carbon steel carrier pipe wall thickness. .Previously schedule 40 piping
was used in cost estimates. These estimates use piping with 1/4 inch
- wall, which for the larger sizes is schedule 10. As an example, Table
4-12 presents the cost savings which can be accomplished by using
schedule 10 versus schedule 40. These are material costs only. Substantial
labor savings were also estimated due to reduced weight and welding
times.

Sidewalk installation formwork and concrete costs remain

: rg]ative]y constant for any street installation. For estimating purposeé
the piping installation cost in the street and sidewalk is assumed to be
the same. However, in practice, some savings should exist since the
trench is shallower thereby making work easier. Premium labor payment
for overtime construction could also be reduced compared with a street
installation.

Two items which could probably be eliminated or reduced in a
sidewalk installation include manholes and associated expansion joints.
They were included for purposes of this réport, however, close attention
to detailed design and utilization of expansion loops at the intersections
could reduce or eliminate the expahgﬂon?jbints and result in additional
cost savings. '
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Sidewalk installation reduces the cost anywhere from 10 to 19
percent of the street installation depending on the street arrangement .
and pipe size. The larger the pipe size the lower the cost reduction
since the civil work forms a lower overall percentage of the total cost.

Sidewalk costs might be further reduced by changing the excavation
labor ratio of 50% manual/50% machine to a higher machine utilization
factor. Fewer obstacles will be encountered and therefore a higher
percentage of machine excavation is quite probable. '

As mentioned previously, no shoaring is included with these
costs. Shoring costs have been estimated elsewhere at $2/sq. tt. -ot
trench wall area upwards. Reduction of shoring requirements is a major
consideration. Here again, the sidewalk installation method is advantageous.
The trench is shallower, eliminating shoring in all but the most extreme
cases.

Interference costs, as discussed earlier are very site specific.
For this reason, they were not included in the estimate. except for
Jackson Street in St. Paul. Local conditions at the installation site
must be individually assessed for accurate costs to be détermined.

The comparative costs for conduit piping systems of differing
materials are presented in Figure 4-5. A comparison of costs indicates
that about 50 percent savings are available when installing a system
. with foam insulation and polyethylene casing as opposed to calcium
silicate and a steel casing. '

Removal of insulation from the return pipe is another possible
means of installation cost reduction. This method is, for example,
widely used in West Germany. Discussions and site visits to the Hamburg
district heating system confirmed the validity of such a type of installation.
The heat losses from the return lines are increased, and consequently
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the temperature of the return water is decreased. This may result in
increase in electrical generation based on heat supply because Tower
pressure steam is extracted from the turbine for heating the return
water. Therefore, an economic comparison has to be performed taking
into consideration the reducéd capital cost of piping installation, and
the increase in electrical generation, versus increased heat losses
during the service life of the piping installation.

The major cost saving items associated with the insulation are
material and installation costs. Reduction in trenching and in the
culvert dimensions due to elimination of insulation from the return pipe
should also be considered. Typical savings for concrete culvert installations,
if return pipe insulation is removed, would be in the range of $10 to
$20 per foot for pipe sizes between 10 inches and 24 inches. However,
these savings were not considered in the present piping cost estimates.

Comparative costs of various piping installation designs for.
16 inch pipe size were developed and are presented in Table 4-9. From
the data presented in this Table, it is apparent that culvert systems
are indeed feasible and competitive in cost with conduit and powder
backfill design.

The costs estimated in this report for various designs indicate
the competitive nature of certain designs. Although there are certain
apparent cost benefits -of one installation concept over another, there
are also othér considerations such as corrosion resistance, temperature
and pressure ratings, interferences, etc. which must be recognized
before any one design can be selected as the most cost effective. It is
evident, however, that small changes in design parameters, and engineering
specifications, can substantially effect total installed costs.
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5.  PROSPECTIVE PIPING MATERIALS FOR DISTRICT HEATING
NETWORKS

At the present time, carbon steel piping is almost exclusively used
as a heat carrier for district heating network. However, in spite of
costly protection measures, carbon steel can suffer severe corrosion
problems. Therefore, development and utilization of a piping material
with high corrosion resistance and low installation and maintenance cost
is very important. Reduction in the piping cost will allow the extension
of the heating network to the Tow heat load density areas and result in
more efficient fuel utilization. This problem is especially important
in the United States where about 70 percent of the population inhabits
- single-family homes.

,'Different.types_of non4méta11ic materials commercially available
can be considered for diétritt heating app]iéations. Most of them are
plastié materials. Non-plastics are also used like cement base materials.
However, at the present time only a limited number of these piping
materials are capable of meeting the operational conditions encountered
in district heating networks. These are fiberglass reinforced plastics
(FRP), cross-linked polyethylene, polybutylene and concrete pipes, which
are discussed in more detail in the following sections. However, extensive
testing and research is required before the new piping materials would
be acceptable for wide utilization in hot water networks.

5.1 FIBERGLASS REINFORCED PLASTIC

5.1.1 Design Parameters and Features

Fiberglass reinforced plastic heat carrier pipes are made of
chemically resistant resins, reinforced with fiberglass filament.
Aromatic amine cured epoxy, heat cured vinyl ester-styrene, biphenol

ester and biphenol acrylic resins are used.81’82
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Most FRP pipes are constructed with a single angle fiberglass
reinforcement. The filament may be wound at a helical angle of 35-1/4
degrees. One manufacturer constructs the FRP pipes with a dual angle

83 The filaments are wound at 89 degress and

fiberglass reinforcement.
cross-wound at 11 degrees. The ménufacturer states that the high angle
reinforcement resists external crush loads while the low angle reinforcement

improves tensile and compressive strengths.

Some physical properties of FRP pipe using epoxy resins are
provided in Table 5-1. A summary of tensile strengths and density
properties for filament FRP and other structural materials is presented85
in Table 5-2. As one can see from Table 5-2, considerable weight reduction
can result when comparing FRP pipe with metal pipe of equal performance

since the density of FRP is only one-quarter that of steel.

When compared with carbon steel, the FRP piping has the following
important properties: 1lower Young's modules, lower heat conductivity
and friction factor (water flow Hazen and Williams coefficient of C=150).
The relatively low Young's modulus provides flexibility which is advantageous
during installation. The coefficient of thermal eXpansion of the FRP
pipe is of the same order as that of steel, but since the Young's modulus
is about one-tenth that for steel, the stress for a given thermal strain
is also less by a factor of 10. This makes it possible to g;nimize the

number of expansion devices in the district heating system.

Epoxy resin carrier pipes can withstand a maximum operating
pressure of 150 psi and a maximum operating temperature of 250°F. For
such temperature and pressure, the standard pipe sizes that are available
range from 2 to 12_in.86'88 Some manufacturers produce FRP pipes that
can take, at an operating temperature of 250°F,voperating pressures of

88 However, for a 12 in.

400 psi for small size pipes (2 in. diameter).
pipe by the same manufacturer and for the same operating temperature, an

operating pressure of only 130 psi is possible. Again, depending on the
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Table 5-1

PHYSICAL PROPERTIES OF EPOXY PIPE
TYPICAL MODULI OF ELASTICITY AND
ALLOWABLE STRESS VALUES AT 70 F

Modulus of Allowable -
E}asticitz Stress
Hoop Tensile - _4.6x106 psi 8600‘psi
ASTM D1599*
Axial Tensile 1.6x106 psi 3025 psi
ASTM D2105%*
Beam Flexural 2.0x166 psi 4000 psi
Ameron
Axial Compression 2.3x106 psi 4000 psi
ASTM D685*
Coefficient of Thermal - 8.5 x 106 in./in.F

Expansion (Ameron)
.Thermal Conductivity (Ameron) - 2.3 x Btu/hr ftzE/in.

*ASTM Test Methods were used to the extent applicable.
Allowable stresses are based on a safety factor of 3.

Table 5-2
STRENGTH TO DENSITY RATIOS OF SOME STRUCTURAL MATERIALS

Ultimate Tensile Densitg Ultimate Strength

_Material Strength (psi) 1bf/in Density Ratio
Filament wound 116,000 ’ 0.068 : 1.71
laminate (70% glass)

- High tensile welded 300,000 0.283 1.07
- steel ’
Mild steel o 70,000 0.283 . .25
Aluminum 65,000 0.097 .67
Copper 58,000 0.322 .18
Stainless steel 45,000 0.290 .16

Note: The figures for the filament wound tube are uni-directional
and correspond to a hoop stress at failure 8f 75,000 psi for a
helically wound pipe at a helix angle of 55~ .
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;manufacturer,jpipe sizes ranging from 6 to 24 in. are available, but for

a lower operating temperature of 200°F, where the carrier pipe is made

of filament-wound epoxy resin with a ceramic liner. Largér pipe sizes

are also available, being made of vinyl ester resin. The maximum operating
temperature and pressure are 200°F and 150 psi, respectively. The pipe

81

sizes range from 18 to 48 in. However, the preferable diameter range.-

of FRP applications in district heating nétwork is betwgen 1 and 6 in.

In summary, the major advantages in the utilizing of FRP for
district heating compared to the carbon steel piping are as follows:

elimination of electrochemical corrosion problems
reduction of pressure drop and pumping power .
reduction in the heat insulation thickness required
reduction in the number of expansion devices
reduction in the installation cost

o O O o D

One of the major disadvantages of FRP piping and plastics in
general is the possibility of the strength decrease under stress as a
function of time, especially at elevated temperatures. Another problem
is the reliable performance of the FRP pipe during cycling pressure and
temperature. At these conditions there is a risk of pipe delamination
due to d{fferent temperature expansion rates.

At the present time concrete thrust block installations at
every change of pipe direction are recommended by pipe manufacturers.
The blocks should encapsulate the tittings since afier lung=term exposurc .
to the elevated temperatures, the FRP pipe will relax and when the
temperature in the network is reduced the pipe will go into tension and
the joint into shear.??
for two-phase flow. Temperature and pressure of the superhealed water
inside the FRP should be such that steam flashing does not occur.

IL is also recommended not to use FRP piping
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The above considerations are the subject of special -investigations
and testing of FRP in district heating systems. FRP pipes are now being
seriously evaluated for use in district heating in Europe, especially by
a FRP piping subcommittee of the German District Heating Association
(AGFW). This committee compkises members of the German Association of
Electricity Producers (VDEW), plus resin, glass fiber and FRP pipe
manufacturers.89 '

Special tests of glass reinforced epoxy resin pipes with
temperatures up to 300°F have been performed at Niederrhein GmbH's
district heating plant at Moers, W. Germany.

These tests will provide information about the pipes' long-
term performance and their suitability for use for long service in
heating networks. The committee limited the study to fiberglass reinforced
epoxy pipes with diameter up to 8 in. and pressure up to 230 psi.

Objective of the program is to investigate the aging process
and creep behaviour of FRP pipes at elevated temperatures. The tests
should give information on'the life expectanéy of FRP pipes in typical
district heating networks. The tests have been performed by an independent
institution, the T.U.V. - Bayern.

~

Some test results have been published recently 90-33 and

require analysis. However, the preliminary information tends to demonstrate
the feasibility of utilizing FRP piping in district heating networks.

A similar test program is being conducted in Sweden.82 The
stress testing is performed according to ASTM-D-2992, procedure B.
Temperature and pressure cycling tests of the FRP piping and different
joint techniques have also been performed. ‘
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There are a number of manufacturers in the U.S. and Europe who
offer prefabricated, preinsulated FRP pipes. Typically the FRP carrier
pipes are utilized in conduit installations similar to that described in
Section 2. An FRP carrier pipe is enclosed in polyurethane insulation
with a tight casing of FRP, PVC or PE. For temperatures up to 250°F,
the pipe is a filament wound fiberglass with epoxy resin plastic. The
pipe usually does not have any expansion devices. Elbows are located in
poured concrete thrust blocks in order to hold the pipe in position and
allow expansion in straight lengths. '

In the U.S. and Europe, the FRP piping has been extensively
used for condensate return iines. However, Lhe use of FRP piping for
hot water district heating seems to be mdéf advanced in West Germany,
where Deutsche Fibercast GmbH and Theodor Wuppermann GmbH -have installed
"about 20 miles of experimental piping of this type. They have demonstrated
the feasibility of using FRP pipes in district heating applications.®®
Wuppermann's Epogard system comprises a fiberglass reinforced epoxy pipe
surrounded by layer of polyurethane insulation and an external PVC casing.
The Epogard pipe is designed to be buried directly. in the soil. As the
pipes themselves absorb thermal forces, they are installed without
expansion devices.

One of the U.S. manufacturers which has supplied the FRP
piping for the German installations recently stated that the current
test results showed that the FRP can be used for hot water installations
with temperatures up to 275°F and maximum pressure combined with this
temperature, of 150 ps1‘.89’93 The tests are being performed on 3 and 4
in. FRP piping. These results are from extensive testing of the pipes
in European district heating systems.

In Scandinavia the FRP piping has also penetrated the district
heating market.



5.1.2 Piping Cost Estimates

The cost of FRP carrier pipe is higher than the equivalent in
carbon steel. However, during discussions with FRP manufacturers, they
stated that on an installed-cost basis, the FRP installations are less
costly for the following reasons:

0 savings in labor for handling and assembling the FRP piping
due to jts light weight

reduction in the insulation thickness required

reduction in the number of expansion devices

elimination of ground water drainage systems

©O O o o

some reduction in trenching cost

It is also indicated in the technical literature thaf, based

" on the West German experience, the aforementioned savings may result in
a cost reduction for FRP installation from 10 to 50 percent when compared

~7

89

to carbon steel. Longer life and substantial reduction of the maintenance

cost over carbon steel piping is also expectéd.

In order to compare the cost of FRP and carbon steel piping
installations, a number of cost estimates have been performed during
this study. Cost of a conduit installation, including FRP carrier pipe ‘
with a polyurethane foam insulation and a polyethylene casing have been
estimated. The temperature limitation for such a conduit is'250°F
maximum at the present time.

In order to develop comparable information, the cost estimates
have been performed on the same design assumptions as stated in Section 4,
However, the method of joining FRP‘is very different. "End preparation,
adhesive preparation, curing times, etc. are time consuming. It is of
interest to note that the pricing received from vendors for straight
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prefabricated fiberglass pipe with foam insulation and polyethylene

casing was more expensive per foot than comparable carbon steel piping

with the same casing (by about 35 percent). The cost of prefabricated A
elbows, however, was significantly more for carbon steel than for fiberglass.

The results of the estimate deVeToped for sidewalk and street
installations are presented in Table 5-3. A review of the installation
costs of fiberglass piping leads to the conclusion that it is comparable
to the installation costs of carbon steel piping with a polyethylene
casing. The cost comparison for these two installations is presented in
Figure 5-1. These results are encouraging, and therefore, further
testing of FRP installations under district hcating opératinnal conditions
should continue. The object of such testing would be to ensure the
reliable performance of this piping during the required service life.

5.2 CROSS-LINKED POLYETHYLENE

For about ten years, 25,000 miles of plastic pipes manufactured
from cross-linked polyethylene have been utilized for internal heating
applications. In. West Germany, heating systems consisting of floor-laid
3/4" in. cross-linked pipe have been installed in.12,000 residences. In
Scandinavia, approval for utilization of cross-linked pipe for domestic
hot water has recently been obtained.

In recent years, the cross-linked piping has also been installed
underground in district heating networks. Since 1973 about 30 miles of
this piping has been used for underground district heating networks in
Sweden (Figure 5-2). |

This type of‘pipe is manufactured in a high pressure cross-linking
and forging process giving a highly cross-linked (about 97%) end product.
In this process, a dry blend of resin and cross-linking agent (organic
peroxide) are forced, by means of a reciprocating ram, through a chamber :
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PIPING SYSTEM COST ESTIMATE TABLE 5-3

(Underground Conduit Desi@,$/?t of Piping System)

Filament Wound Fiberglass Pipe with PolyurethanelInsulation and Polyethylene Casing

ITEM OR PROCESS V PIFE OD (IN)
2 ’ " 6 8 12
Sidewalk Street Sidewalk’ Street Sid ewalk Street Sidewalk Street Sidewnlk Street
Civil Work
Frcavation % Pavement BRreaking:
Labor 1.10 4.35 1.21 4,56 1.50 5.54 1.85 6.28 2.53 8.07
Material .33 2.75 .36 2,75 RS 3.36 .5h 3.71 .73 L.71
Formwork: .
Labor : .07 .07 .11 11 .1h .1h .19 .19 .29 .29
Material .02 .02 .03 ..03 .ob .ob .05 .05 . .08
Coacrete (Inc: Msnholes): - .
Labor .9k .9h .9k .94 .9h .94 9L .oh .9b .9h
Material 1.91 1.91 1.96 1.96 2.00 2.00 2.05 2.05 2.1h 2.1k
Rackfill:
Labor 2.83 6.36 3.09 7.12 3.64 8.6 b.34 9.58 6.L0 12.18
Material 1.30 2.07 1.2 2.27 1.64 2.67 1.89 3.04 . 2.7 3.77
Total Civil vNork 8.50 18,07 9.12 4 19.7h 10.3k

23.15 11.85 25.84 - 15.58 32.18
Mec'ﬁanical Wozk '

Pire, Fittings, Supportss

Labor 8.20 8.20 13.66. 13.66 19.62 19.62 25.64 25.64 29.92 29.92

Naterial 26.21 26.21 3h4.62 3h.62 52.60 52.60 7h.21 Th.2) 122.18 122.18
Valves: i .

Labor .ok N .07 .07 .09 .09 .13 .13 .13 .13

paterial 1.25 1.5 .86 .86 1.48 1.8 1.85 1.85 3.50 3.50
Expansion Joints:

Labor .11 1L .22 .22 .28 .28 .36 .36 .39 .39

Material 1.10 1.1) 1.80 ) 1.80 2.71 2.7 3.39 3.39 5.2k 5.2h4
Total Mechanical Woerk : 36.91 36.91 51.23 '51.23 ' 76.78 76.78 105.58 105.58 161.36 161.36
Overheads & Frofit 11.58 16.17 16.26 21.21 22,60 28.58 28.47 35.99 39.21 L6.87
Totel ' 56.99 - TL.55 76.61 92.18 109.72 128.51 145.90 167.41 . 216.15 2h0.h1
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FIGURE 5=2

CROSSLINKED POLYETHYLENE PTPTNG
LEFT: PREFABRICATED CONDUIT WITH
CORRUGATED POLYETHYLENE CASING
(GRANGES ESSEM)

RIGHT: CROSSLINKED PIPING INSTALLED

INSIDE PREFABRICATED INSULATION BLOCKS
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system, where cross-1inking occurs under controlled conditions of
temperature and high pressure (about 150,000 psi), out of a pipe d1'e.89
The latest version of the equipment developed for this process incorporates
a redesigned compression chamber said to have better flow characteristics,
which gives more reliable cross-linking action. Operational flexibility
has been improved by the wider availability of high density polyethylene
resins with Tow catalyst residues, which in high concentrations interfere
with cross-linking action. In a related process improvement a new

quality control technique for quick checking of the degree of cross-

linking has been developed.

The cross-linked polyethylene is manufactured by Wirsbo Pex (Gmbh),
Heusenstamm, and Rehau Plastik, Rehau, in West Germany. Wirsbo PexR is
the registered trademark of Wirsbo Bruk in Sweden. Another Swedish
manufacturer, Granges Essem, utilizes a different manufacturing process.
Granges Essem, utilizes a different manufacturing process. Granges uses
silane and a conventional extruder. In this case cross-linking takes
place by reaction with water, after processing.82 In Japan similar
pipes are manufactured by the Mitsubishi group and are currently used
for geothermal applications.

One of the pipe manufacturers stated that cross-linked piping in
sizes up to 1 in. can be utilized for temperatures up to 203°F and
pressures up to 145 psi. Pipes with sizes up to 4 in. may be used in
systems with temperatures up to 203°F and pressures up to 85 ps1'.94
Such conditions may be provided in low temperature district heating
systems and secondary network systems after the substations in the
heating network. The pipe is manufactured in sections of both 150 and
300 ft. lengths. The pipes up to 2 in. in diameter are rolled up in
bundles which can usually be carried by two men. The fittings for
joining the pipes are made of red brass and the joining nuts and bolts
from a type 316 stainless steel (Figure 5-3). It is stated by the

manufacturer that the design of the coupling prevents torsional stresses



FIGURE 5-3 CROSSLINKED POLYETHYLENE FITTINGS

Courtesy of Wirsbo Bruk



in the pipe and that the fitting strength is higher than the tensile

strength of the p1'pe.95’96

Mineral wool and polyurethane materials are used for pipe insulation.
The mineral wool insulation consists of prefabricated rigid grooved
blocks with associated covers (Figure 5-4). Differently shaped blocks
to provide changes in pipe direction are supplied. The blocks are
available with two and three grooves for both space heating and domestic
hot water applications. Mineral wool insulation could be utilized in
areas where no long-term water flooding is expected. However, the
trenches should be provided with a drainage system. During the installation,
the blocks are first placed in the trench. The tubes are then laid in
the grooves and the covers titted. Branches are installed ldasl dand dare
insulated with mineral wool.

The second type of insulating blocks are fabricated from foamed
polyurethane. The elements are about 3 ft. long and have a watertight
molded skin. In order to prevent water penetration, the internal surface
of the blocks is covered with aluminum foil. Trench drainage is not
required for this type of insulation. During installation the piping is
first Taid in the trench and the insulating blocks are then fitted
around the pipe (Figure 5-5). This prevents the ingress of dirt between
the tube and the insulation, and the risk of damaging the diffusion
barrier. Thermal expansion is taken up by the insulation.

Lack of Tong-term operating experience with cross-linked piping
limits its wide application in district heating networks. To obtain the
required information special accelerated testing of this piping is being
performed in Sweden as follows:



FIGURE 5-4 MINERAL WOOL INSULATING BLOCKS
FOR PIPING INSTALLATION
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FIGURE 5-5 MINERAL WOOL INSULATING BLOCKS FOR PIPING
INSTALLAT ION
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- long-term hydrostatic tests; pipes filled with hot water have
been subjected to internal hydrostatic pressure. The tests at
temperature of 203%F have shown no sign of sudden decrease of
piping strength after two years operation. The results have
indicated that the piping strength decrease should not occur
until after 20 years at 176°F and 50 years at 140°F.

influence of chemical factors; commercial polytheylene is
always stabilized against thermal oxidation by addition of
special oxidants. However, there is a risk that they will
fail over the expected life of 50 years in a district heating
network. The tests have to determine how the anti-oxidants in
cross-linked piping are affected under typical temperature and
pressure conditions.

influence of detergents; it is known that stressed polyethylene
may be affected by surface active ingredients. In the tests
the cross-linked pipes have been immersed in detergents while
under different pressure and temperature conditions. The
results have demonstrated that there is only a minor strength
reduction at 176°F which is not expected to influence the
lTong-term service life of the piping.

influence of the bending process on the long-term pipe strength;
straight pipes and pipes bent with a radius of 5 pipe diameters
at 176°F have been tested. It was concluded that bending at
this condition does not reduce the piping strength. -

In summary, the advantages of the cross-linked piping are as follows:

high corrosion resistance
high piping strength
substantial reduction in piping joints
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0 low friction losses and subsequent reduction .in pumping power
) elimination of expansion devices
0 reduction in piping weight, easy to handle and install

The major disadvantages of the cross-1inked polyethylene piping are
as follows: ‘

o} operating temperature limitation up to 200°F

0 Tow ultraviolet stability; the pipes must not be exposed to
direct sunlight

n there are indications that oxygen diffusion in the pipe causes
corrosion of the attached fittings

In spite of encouraging results achieved and indication.that cost
reduction up to 50 percent over conventional steel conduits may be
expected, further technical development and testing is required before
the cross-linked polyethylene piping will be widely utilized in the
district heating networks.

5.3 POLYBUTYLENE

Polybutylere piping is a prumising material for some district
heating applications. Polybutylene piping is manufactured trom polybutylene
resins which are high-molecular-weight isotactic polymers synthesized
from butene-1 monomer. They are flexible, crystalline thermoplastic
pololefins having a density of about 0.91. They can be distinguished
from polymers of isobutene, which are widely used as oil additives, and
from amorphous atactic poly polymers, which range from viscous oils to
rithbery polymers,

Polybutylene exists in two crystalline forms in melt processes.

During cooling from the melt, polybutylene crystallizes initially in the
tetragonal Form II, which transforms finally to the stable rhombohedral
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Form I. Under normal conditions this transformation is completed in 5

to 7 days. Concurrent with transformation, the crystallinity increases

up to approximately 50% with a corresponding increase in density, hardness,
rigidity, and strength. Polybutylene films provide good impact, puncture
resistance, and yield strength. Polybutylene pipe has received a 1000

psi design stress rating at 73 F and 500 psi at 180 F from the Plastics

Pipe Institute.”’ 100 \

Other important characteristics include resistance to elevated
temperatures, good barrier properties, and good electrical insulating
characteristics. Polybutylene is resistant to most organic solvents,
salts, acids and alkalines even at elevated temperatures. It is not
affected by soil and will not rust or rot. It is not subject to electrolytic
corrosion and is, therefore, suitable for underground use. However, it
is partially soluble in aromatic and chlorinated hydrocarbon solvents
above 140°F.

Polybutylene piping is manufactured in the U.S. and utilized for
cold water distribution, hot water plumbing and heating, gas distribution,
and a variety of industrial uses including high-temberature and abrasive
slurry piping, high temperature acid effluent lines, chemical process
lines, and water mains.

An important feature of this piping material is its flexibility.
According to information provided by the manufacturer, polybutylene pipe
- is twice as flexible as medium density polyethylene pipe and three times
as flexible as high density polyethylene pipe designed for the same -
pressure service. It is very important to this application that pipes
up-to four inches in diameter can be easily coiled.

Polybutylene pipe weighs up to 90 percent less than steel, and
approximately 30 percent less than other polyolefin pipes of the same
diameter and pressure rating. This makes it easy to handle. The thermal

conductivity of this type of piping is 1.5 BTU-in/hr-ftZ—oF.
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Butt fusion is used to join polybutylene pipes. The teflon-coated
surfaces of a thermostatically controlled, electrical-induction heater’
are brought in contact with the ends of the two polybutylene pipes. The
pipes are held together until a melt-bead appears around the circumference
of each. The pipes are then retracted and the heater plate is quickly
removed. Finally, the pipes are brought together under a pressure
depending on the pipe cross-section. The machine automatically sets the
required pressure, subjecting the pipe for about 30 seconds under pressure.
The pipe is allowed to cool before removing the clamps. The resulting
butt fusion joint should be as strong as the pipe itself. If the whole

process is done correctly, leakage from the joint is not expected.]O]

Socket fusion is also used to join two polybutylene pipes. It
involves the use of a male/female heating tool and hub-type fittings.
This method of joining is restricted to the smaller diameters (up to 4")
because of the availability of socket weld fittings.]o2

According to the manufacturer, polybutylene piping of type SDR
13.5%* will serve in the temperature and pressure range of up to 200 F
and 60 psi respectively (Figure 5-6). ‘

The polybutylene may be used for some secondary low temperature
district heating systems. However, intensive testing of this material
under district heating operational conditions must be performed in order
to ensure the reliable performance of this piping during the required

service life.

* The wall thickness of pressure rate plastic pipes is based on the
standard dimension ratio-pressure rated (SDR-PR) concept. This
concept requires that the ratio of pipe diameter to minimum wall
thickness be a constant value and that it complies with one of a
series of standard ratios regardless of the actual pipe diameter.
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- 5.4 CONCRETE PIPES

5.4.1 Prestressed Concrete

Pipes fabricated of prestressed concrete have been used for
many years in large cold water mains. The standard pipes are manufactured
in lengths of about 15 ft. and are available in sizes 16 in. and above.
Special rubber seals are used for the joints, permitting the pipes to
absorb axial movements due to temperature fluctuations. The pipes are
norma]]yAplaced in direct contact with the earth. The concrete pipes
have a number of advantageous features as follows: the material is non-
corrosive, provided the soil pH is above 5:5, and can w1thstand'sign1f1cant
“external loads, the pipes are heat resistnat, have a high flow coefficient

and reasonable cost.222103.

However, the flow coefficient. of the concrete
pipes may actually decrease with use due to the accumulation of deposits
in the initially rough concrete surface inside the pipe. The accumulation

of such deposits can form a slick surface with lower flow resistance.

The major problems in utilization of concrete piping for hot
water applications are as follows:

) concrete pipes have to be provided with an internal non-
corrosive lining in order to prevent leaching of calcium and
silicate materials and deposit accumulation

0 the rubber sealed joint has to withstand rejatively high-
temperatures over the service 1ife of the pipe

Tests are underway in Sweden to utilize the cohcrete pipes
with an inner, adherent layer of sand-filled epoxy resin for district
heating applications with temperatures of between 200 and 230°F.82 The
test program and some results have been reported as follows:
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pipe tests at elevated temperature and pressure; short sections
of pipe (Figure 5-7), each with a diameter of about 20 in. and
a length of 4 ft. are connected, and hot water is circulated

in them for prolonged periods. From time to time a section is
taken out and a new one put in its place. The chosen section
is inspected and the breaking strength measured by applying
internal pressure and comparing the result with an untreated
section. This test shows if there is a risk of relaxation in
the concrete which would lead to loss of strength.

To date a train of tubes has been tested for two months at 200
F and 75 psi. The test will continue at the same temperature
and pressure of 120 psi for at least one year. No i1l effects
have been detected so far. A second loop will be tested at
230 F and 120 psi. This test will also continue for at least
one year.

resistance to temperature shock; concrete is known to be very
sensitive to temperature shock. The actual shock Timitations
of prestressed concrete have to be checked experimentally. A
loop containing full-size tubes is tested at a maximum of 220
psi and 250 F. The loop is designed to deliver repeated
temperature shocks of differing severity, for instance changing
the temperature from 230 F to 70 F within a minute. The tests
will be followed by a careful inspection of the concrete and
the inner plastic lining.

test of internal 1lining; the tubes are internally lined with a
plastic layer which has to adhere to the concrete and act as a
corrosion-resistant 1ining for the life of the tubes. A sand-
filled epoxy plastic has shown promising results. The adherence
of the plastic layer is tested after repeated temperature
cycling of the full-size tubes.
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FIGURE 5-7 INSULATED PRESTRESSED CONCRETE PIPE
WLITH AN LINTERNAL PLASTIC LINING

Pipe Diameter 20 in.
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0 re]axétibn of rubber seals; rubber O-rings permanently com-
pressed are tested at high temperature fqr making accelerated
tests and selection between the different materials available.

0 relaxation of prestressing wire; a reinforcement cage, consisting
of a hé]ix of prestressind wire, is used for the manufacture
of the prestressed concrete tubes. The quality of the wire is
checked by measuring. the stress relaxation of various brands
at 210 and 250 F. There is, however, no reason to expect
technical difficulties at this working temperature.

0 field testing; testing of a full-size 1ine under field conditions
is performed. The pipeline is built parallel to an existihg
.district heating pipe and will be operated at typical temperature
and pressuré conditions.

No detailed .results from this program have yet been reported.

5.4.2 Polymer Concrete

Significant progress in construction of district heating
networks is possible by utilization of non-corrosive piping manufactured
from different polymer materials developed and manufactured in the U.S.,
USSR, and other countries.

One of these materials, polymer concrete, has been investigated
for utilization in geothermal applications. Polymer concrete is a
mixture of organic monomers with inorganic ingredients simf]ar to those
used 1n'Port1ahd cement concrete. These include sand, gravel and other
fillers. For use in hydrothermal environments, reactive fillers, such
~as di- or tricalcium silicate that are generally added in the form of
Portland cement, are included in the aggregate..|05 The resulting polymer
- concrete has many properties superior to those made with hydrated Portland
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cement. To date, monomer formulations such as 60 st % styrene-40 wt %
trimethylolpropane trimethacry]até (TMPTMA), 55 wt % styrene-36 wt %
acrylonitrile-9 wt % TMPTMA and 50 wt % styrene-34 wt % acrylonitrile-5
wt % acrylamide-10 wt % divinyl benzene have been shown to be highly
durable to geothermal fluids. These systems can be polymerized using
chemical initiators and heat or by chemical initiators and promotors.
The properties of polymer concrete materials are présented in Table 5-4.

Laboratory and preliminary field tests have shown that several
_polymer concrete formulations are suitable for use in medium to hot
saline water applications under widely varying pH conditions and elevated
temperatures. Resistance to corrasion is a function of the monomer and
the aggregates used in compounding, and further testing is continuing to
determine the optimum composition.

Field testing of polymer concrete mixtures at potential sites
for direct utilization of geothermal energy in the U.S. such as Klamath
Falls, Raft River, Coso Hot Springs, and East Mesa has been fn progress
for more than a year. The maximum brine temperature in these tests is
about 320 F. To date, no deterioration or scale buildup has been detected.

The possibility of utilizing polymer concrete piping for
geothermal district heating for the éity of Klamath Falls, Oregon, has
been investigated and cost comparison with carbon steel piping performed.
The cost analysis has indicated that utilization of a conduit with a
polymer concrete carrier and casing pipes results in capital cost savings

106

~of 27 percent over a conduit design with carbon steel carrier pipe and
FRP casing. The installation of a polymer concrete insulated carrier
pipe in a concrete culvert provided 13 percent savings over a concrete
culbert installation with an insulated carbon steel carrier pipe.
However, some increase in the maintenance costs for these installations
has been anticipated.

5-26



Table 5-

PROPERTIES OF POLYMER

Polymer-Impregnated Concrete

Density

Compressive strength
Tensile strength
Flexure strength
Water absorption
Thermal conductivity

Lightweight Polymer-Impregnated

5-4

CONCRETE MATERIALS

150 pcft
20,000 psi
1,600 psi
2,000 psi
<0.5%
1.3 BTU/hr ft F

Corncrete

Density
Compressive strength
Tensile strength
Flexure strength
Thermal conductivity
Perlite cement
Foamed glass concrete

Polymer Concrete

Density

Compressive strength
Tensile strength
Flexure strength
Water absorption
Thermal conductivity

60-70 pcf
5,000 psi
1,000 psi
1,800 psi

0.11 BTU/hr ft F
0.16 BTU/hr ft°F

140 pcf
12,000 psi
1,000 psi
2,000 psi
<1%
~~1 BTU/hr f£t°F



The study concluded that the potential economic advantages of
polymer concrete piping warrant further development efforts to resolve
the outstanding technical problems which are as follows:

0 development of joint designs which are able to withstand the
thermal and pressure stresses at a temperature of 325 F

0 development of expansion joints for long piping sections

0 development of a method to commercially produce polymer concrete
pipes up to 24 in. in diameter which are suitable for pressures
of 150 psi and temperatures of 325 F

) acquisition of data on the resistance of polymer concrete
piping to damage from vibrations, water hammer, thermal cycling,
thermal expansion, flashing fluids, and erosion

0 investigation of the technical and economic poténtia] of
prestressed and reinforced polymer concrete pipe construction

o} improvement of the tensile strength of polymer concrete for
use in piping by inclusion of steel or glass reinforcing
fibers.

0 acquisition of a complete set of mechanical and thermal data
for the range of conditions anticipated, such as thermal.
conductivity, expansion coefficients, tensile and compressive
strengths, Poissons Ratio, Youngs Modulus, etc.

Work has already been started in some of these areas, and it

is reasonable to expect that practical selutions can be found to the
technical problems indicated above.
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The polymer silicate concretes developed in the USSR are
manufactured on the basis of soluble glass and synthetic resins and are
considered for utilization in structures of underground heating nefworks.58
The main advantages of this new material in replacing the normal cement
concrete in underground structures of heating networks are as follows:
high mechanical strength, which will make it possible to considerably
lighten the structures by decreasing the thickness of precast elements:
high chemical resistance to corrosive soils and waterproof qualities.
Polymer concrete is also utilized for manhole construction, especially

for sites with a high level of ground water.

5.4.3 Asbestos-Cement

_Asbestos-cement is composed of a mixture of portland cement,
silica and asbestos fiber. The material is completely free from organic
or metallic substances. Depending on the manufacturer, the carrier pipe
may be lined with epoxy. Epoxy lining is recommended when conveying
extremely soft water.

The pipe is available in Classes 100, 150 or 200, thus allowing -
it a maximum operating pressure of 200 psi. The operating temperature
range is between 40°F and 210%, 107,108

The smobth epoxy-1ined bore of the carrier pipe allows a
water-flow Hazen and Williams coefficient of C = 140 to C = 150, depending
on manufacturer. The smooth bore eliminates encrustations, making
possible a maintained high level of flow and .low level of friction
resistance. The result is a considerable reduction in the incidence of
water leakage, pipe failure and costly maintenance. ’

Class 150 asbestos-cement pressure pipe is available in most
sizes (with standard sizes ranging from 4" to 16"), to meet ASTM-C-296,
AWWA-C-400-64.T and Federal SS-P-35la specifications. It is resistant
to corrosion and chemical attack. Heat loss is minimum.
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A disadvantage of asbestos-cement piping is the relative
brittleness. As a result, the piping is susceptible to damage from

crushing by heavy excavating equipment or heavy trucks. Asbestos-cement

is also susceptible to corrosion in soils of less than 5.5pH.6]

38

Couplings
are used to join -asbestos-cement pipes.” . Rubber gasket rings are

channeled- in the asbestos-cement couplings to provide seals. However,
there is a possibility of leakage around the rubber rings due to aging

of the rings.

Asbestos cement pipe has been extensively tested at the Raft
River geothermal project. In 1975, 4000 ft. of this pipe was installed
to transport 300°F geothermal fluids at 150 psi. The experience has
been satisfactory and it was recommended that this pipe be used for
connecting future wells. However, when this pipe was used for trahsportation
of cool water resulting in rapid temperature changes, a number of pipe
ruptures occurred because of the severe thermal shock. The test also
revealed the need for some modifications in trench design, better seal

inspection, and better ‘installation supervision.]09

Cost estimates have indicated that utilization of asbestos-
cement conduit design for geothermal application can provide savings up

106 However, further

to 24 percent over the carbon steel culvert design.
technical development is required before asbestos-cement piping could be

specified commercially for district heating applications.
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Ccuntry

Neme of the District Heating System

Identification Number
Heat Capacity of the System (MWt)
Years in Service

Design Paremeters and Features

1. Pressure (ptig)

2. Temperature range (F)
. Supply line

. Return line

3. Type of control of hea: supply

4. Pising design standard or code

5. Piping size range (in)
Pransmission piping

. JDistribution piping

6. Fiping wall thickness iin)
for different pipe sizes

7. Fiping length (miles)
. Fransmission

. Distribution piping

Berliner Kraft-

WEST GERMANY

Fernwarme

und Light (Bewag) Innenstadt,

-Berlin

101
1924
55
differential
pressure:
232=design

1L5=winter
58=summer

131 to 230

95 to 1k0

temperature
and pressure

DIN 2hko, 2hh1,
2448 and 258

12 to 32

1.5 to 10

0.14l to 0.394

3 x 169

Dusseldorf

102

15

2kB=winter
121=gummer,
70% load

230 to 266

113 to 158

manual

" PN16, EN2S

8
b to 8

28"=0.39h4
4"=0.197

14

HOT WATER DISTRICT HEATING
NEIWORKS OPERATIONAL EXPERIENCE

Stadwerke Blele-
feld GmbH,
Bielefeld

103

Lho

24

Th=max

158 to 266

86 to 1ko

by the customers:
water flow,up to’
80 KWt; heat
meters

DIN 2448 and
2458

12 to 18

4 to 10

follows DIN

2443 and 2458
15

b2

Gothenburg
District Heat-
ing System
104
1306

27

250=winter
147=summer

2L8=winter
185=summer

158=winter
140=summer

temperature
control

NT 16

12 to 35
2 to 10

0.11 to 0.31

101

SWEDEN

Uppsala Indus-

triverk, varme-

verket
105
91
18

232 max

240 at outdoox
temperature of
-5.8F

158

Swedish Stan-
dard

12 to 28
3/4 to 8

sched. 10
approximately

83

72

Stockholms
Energiverk

106
15kl
26

232 (max)

176 to 248

113 to 149

temperature
control

SIS 142101 or

ITALY

Teleriscaldamento
di Brescia

107
182
7

235

302

140

manual

ANST

SIS 1430, pressure

vessel steel

up to 4O

sched. 10

approximately

168

10 to 28
2t 8
below
sched. 20
9.5
17

EXHIBIT I
page 1

NETHERLANDS

Free University
Campus, Amsterdam

108

12

170

356

218

flow control

6 to 10 -
up to 6
0.236 and
below

one

several

1 98ed
I JIGIHXI



Tdentification Number

8. Type of pipirg installation and
manufacturer
. Rigid concrete envelope

. Conduit
. Concrete culvert or trench

. Ductless directly buried in
powder beckFPill

. Others

9. Type of thermal expansion devices
. Slip type

. Bellows type

. Expansion lcops

. Others

10. 1ype of piping joint end bend
techniques

11. Type of manholes

101

J-profile

dHffereat menu-

facturers

yes

yes

yes

no

weléing

no

no

100%, several
manufactare-s

no

no

20%

50%

20%

welding, ore-

fabricated
bends

no manhol :$

103 104

no
yes, carbon steel yes (Eternit)
carrier pipe and
asdestos-cement
casing

domed concrete yes
culvert with

insulated carrier

pipe

no

preinsulated
piping syetems
(steel pipes,
FU-insulation,
PE-casing)

yes, Jjournal no
beering type

yes ye8, vhen no
space for ex-
pansion loops

yes, most
common

no=~comb, (ground
fixed piping

system)
according to welding, prefa-
DIN 2605 bricated bends
prefabricated
in 24" to 32"
dismeter

165

yes

nc

English

axial compen-
sators, Tedding-
ton type

U- and Z-
bends

wvelding

106

yes

tuanels

107

yes

yes

yes

butt welding
Jjoints

track resistant
and can be
inspected

EXHIBIT T
page 2

108

concrete
walk-through
tunnels

yes

welding

2 98sd
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Identif.cation Number

12.

1h.

16.

17.

18.

19.

Pip:ng material (carrier pipe)

. Typ= of carrier pipe external

prosective coating

Type of insulation

. Casing piping material

(insulating envelope)

Means of corrosion protection
(cathodic protection, etc.)

Is the piping system water
drainable and dryable

Exiztence of an air gap between
the insulation and the culvert
or soil

Existence of & ground weter drainage
system along the district heating
piping

. Makeup waier treatment

. ‘Ivpe of softening

. Typé ol deazration

101

St. 35 {steel)

wadding of
glass

bitumen paper,
aluninum cover

yes

no

ion exchange
resin

direct cnntact

no coating

minaral wool
and bitwninous
coating

concrete

none

sjes

vyes

no

trinatrium-
phosphite

hydrazine

103

St. 35, DIN 24k8,

and St. 37-2
DIN 2458

asbestos-cement

polyurethane
foam or
fiberglass

protective
coating and
bitumen

drainage and
cathodic
protection

yes

NaH ion exchange

direct contact

104

steel; small
amounts of
copper and

.plastic pipes

rust inhibi-
ting paint

glass wool,
PU-foam,

PE-casing,
concrete
culvert,
asbestos
concrete tubes

none

yes, except
for the pre-
insulated
systems

yes, except
for the pre-
insulated
systems

yes, connected

with the storm
drainage system

none

direct contact
221 F and 3psig

105

a3 per Swedish
Standard
Association
No. 141232-05
and 06

mineral wcol,
or PU

concrete culvert,

asbestos cement
pipes, PE-pipes

demineralization

yea

106

carbon steel

plastic materials
and concrete

formed mats of
mineral wool,
polyurethane
foam

plastic materials
or concrete

none

yes

no

demineralization

hydrazine

107

steel, SL,
Grade B

prefabricated
reinforced
cement covers

mineral glass
and rock wool
covers

tarred vetroflex

none

yes

yes

demineralization

EXHIBIT 1
page 3

108

rock wool

aluminum
plate

no

deminera-
lization

direct
contact

.E afed
I LIGTHX3



Tdentification Number

21. The depth of soil cover above

the piping installation (ft)
. Urban area

. Suburban area

22. Hot water veolocity at nominal

conditions ft/sec

23. Does the piping installation meet

the following ‘performance criteria:

. Resistance to groundwater infil-
tration and spread of water in
the event of water infiltration.

. Resistance to water damage

. Resistance to mechanical or
structural damage

. Resistance to corrosion

. Resistance to other causes of
deterioration

. Simplicity of installation

. Ease in repair

2h, Quality control criteria

. Testing of prefabricated piping
component at the factory

. Testing of both system components

101

2.6 to k.9

2.6 to b.9
6.6 to 13

yes

yes

culverts=yes,
conduit=no

yes

and the complete system &t the site

102 103

6.6 average 2 tork.6
3.3 average
8.2 1.6 to 6.6
only in yes
suburban
areas
concrete
concrete no
no : no
no
medfum yes
yes yes
ves, welding yes
pressuri zed yes
water

104

2.3
2.3

410

yes=concrete;
others to
some extent

yes

no, especially

no

yes

105
2 to 2.3

3.% to h.9 for
pipes €67
6.6 to 9.3 for
€& to 23"

yes
the mineral
wcol can De
dried out

yes

clcese culvert .

the steel pipes
are: not coated

yes

10¢% pressure
teet; 104= .
x-18y8

106

1.6 to 3.3
1.6 to 3.3

up to 11.5 to
13 for large
size piping

pressure test
and x-ray
inspecticn

107

2.6
3.3

from 13 fps
for 28" to
3.3 fps for 2"

yes

yes

no

no

yes

yes

no

yes

EXHIBIT T
page b
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less than 5

boiler plant
and 5 subs-
tations

yes

no

10% of the
welded joints
are x-ray
inspected

f e¥wd
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Tdertificetion Number 101

B. Operationel Conditions

1.

Average annual temperature of the
hot water (F)
. Supply line . 165

. Return line 3 122
Condition of other aljoining

utility systems
. Cold water piping

Sewer system

. Electrical ;system 220/380 V
Storm drainage system
. Others
“ype of soll where tlke network
i§ installed
. Clay
. %and yes
. Others
. S0il cocrrosiveness
. Corrcsive (resistivity less than unknown

10,000 chm-cm)

. 'Mildly (10,000 tc 30,000
ohms-cm)

. Noncorrosive fover 30,000 chms-cm)

102 103 104
194 194 216
1o 130 " 149
103 psig
220/380 v
no yes
usually the
soil contente
both zlay
yes and sand
loam 15% to 20% of
the system
in rock
yes
15,000

105 - 106
185 185 to 203
131 to 1ko 10k to 122
no other
adjoining

utility systems
in culverts

_n park area yes
in streets yes
yes

107

203

1ko

good

not in good
conditions
(in part
very old)

fairly good

fairly good

ges piping
system in

. good condition

earth
embankment

yes

yes

EXHIBIT T
page 5
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356

2k8 to 300

good
installed
in tunnels

ditto
ditto
ditto
n/a
n/a
o
o
%8
bl
N -
(=]
-



EXHIBIT I

page 6
Identification Number 1oL 102 103 104 1C5 106 107 108
5. Presence of stray direct currents unkr:own yes, in the yes, the pipes . yes yes
subway area are however
electrically

isolated which
solves this

problem
6. Soil sulfate content unknown unknown
7. Soil sulfide content unknown
8. =soil pH 7.0 Sto 7

9. Site water tesble {tke water it above-
the bottom of the piping system:
Severe (frequently) no 10 tunnels are
below ground
water level

. DBad {occas:onally) no 104 : - yes no
. Moderate (never, but surface water yes one site Jes . yes

remains for short periods ir the
soil surrounding the system}

. Mild (never) no T yes the na-holes no
are resularly
inspected and
water §s pumped .
out vhen
necesszry
10. Types of control of the pipe condition external=no visuel inspec-
during operation internal=water tion six times
. External and internal corrosion only external ireatment . per year in the no no
monitoring manholes
. Water flooding in the piping system yes no visual in the concrete no wz;ter samples
control and &sbestos analyzed
concrete culver: daily
. Piping leakage detection no no heat leak in the preinsu- are maw being yes yes
detection lated culverts ims=alied in
by infrared PEH-eudverts g
scanner . = s
® &
. Pressure in the conduit no . yes pressure no yes yes >3
loss ™
. Others no temperature;

leaking waterrefill



. Identification Number

11. How ong is thé system out of
service during the year?

12. Possibility of periodic contact of
the external unprotected piping
surface with ground water (cyclic
wetting and drying of the insulation)

13. Frequency of preventive maintenance
. Hydro test (pressare)
. Thermal test (temperature)

. Manholes

. Expansion devices

. Joints
. Valves

. Otkers

L4, Beat losses )
Transmi ssion piping

. Distribution piping

15. Water makeup requirement in percent
from the network water flow rate

101

never

none

none

none

none

none

none

none

5¢ of the
annaal
consumption

1.5% per day

102

never

does not
happen

only by
installation

none

none

every 3
months

none

every 3
months

15% of the
capacity

0.5% of the
network water
content

103

generally none;
continious
operation

none

daily

daily

every 6
nonths

every 6
months

10% of heat
generated
per year

9.1 to 1h.7
gpo

10k

about 2l hrs
per year

the casing is water
tight, genersally no

problems with
ground water

continious measu-

ring of the
pressure in
carrier pipes

continious
measuring

visual inspec-
tion six times
per year
visual inspec-
tion six times
per year

visual, six
times per yeer

visual, six
times per year

7% (average)

per year

1% per day

105

Zor short periods
“rom 2 o 24 brs

no

) regular inspec-

tion of the
manholes

5 to 8%
anaual
10 to 15%
annual

150%/year

106

never

no

%

107
at present the
system has never
been out of
service

no

yes, every
four months

yes, every
four months

yes, every
four months

fixed points,

ersery four
months

3%
b
2%

never

no

EXHIBIT I
page 7

108

L a%ed
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EXHIBIT 1
page 8

Identification Number 101 102 103 104 105 106 107 108

. Network Failure Analysis

1. Piping failure rate for different
pipe sizes (treaks of the pipe

per mile per year) ¢.0L8 (20 to
. Actual pipe breaks %0 failures nore: no pipe breaks, very seldom, 0.16 0.048 none, some trouble
per year) only corrosion no statistics from water dripping
0.68 leaks per from valves
mile in 1978
. Damage caused by thermal none nor.e . very seldom,
and hydro =ests : no statistics
2. Major failure element (s) =xternal corrosicn carrier pipe expansion outside bellows
<orrosion . ‘bellows, pipe corrosion
connections ta
valves in
aanholes
(pipes £U")
3. Method of failure detection regular wate: infrared scanner, visual inspec- regular locating visual detection
sontrol leakage pressure test tion, electro- insgection the leaking
nic leakage - of manholes water in
dezection, tele- drainage

" phone calls
from public

4. Location of pipe failure

. Supply line
a) siraight pip= yes seldonm mostly yes
b) Jjoints flanges seldom -
c) expansion devices noae more common tellows
d) manholes none ) yes none
e) valve yes seldom
f) pipe archors snd suppcrts ncnz yes . none . : yes
g) others crossings . pipes and otker
with other equipment in
utilities manholes locu-

ted in streezs

. Return line
a) straight pipe . yes tke same as the mostly yes
supply line
b) joints flanges

g °8%d
I 14THX3



Ident: fication Number
c) expansion devices
d) mauholes
e) valve

f

~—

pipe anchors and supports

-~

.g) others

5. Csuse of pipe failure
External electrocrkemical ccrrosion

Internal electrochemical ccrrosion

Bacteriological corrosion

. Erosion
Insulation failure
Tailure of co-located utility
system

. Failure of the culvert

. Mechanical or structural damage
ander earth loads, vehicle lLoads,
=hermal stresses, etc.

. Others

6, Cheracter of corrosion
. Uniform

©. Pitting

Small spots

101

crossing with
other
utilities

yes

yes

102

none

none

yes

none

yes

no

no

no

2 times

no

no

no

no

yes

no

103

yes

yes

water
infiltration

104

yes
no
no
no

very seldom

no

no

sometimes

the joints of
the insulation
has been damaged
and caused
corrosion of

the pipes

oceur, but
seldom

none

usually

EXHIBIT I
page 9

105 . 106 107 108

yes

yes

the major
cause is
carrosion
damage

vibration from
vehizles and
leaky manholes
covers

yes yes

6 a8sd
I LISIHXZ



ldentitication Numter

7.

10.

11.

12.

13.

1h.

15.

Corrosion spot location
. Bottom side cf the pipe

. Top side

Wall thickness when the pipe ruptured

Condition of the coating, wrapping
or insulating envelcps

Dependence of the failure rate on
the piping sysiem age

Existence of an air gap between the
insulation and the culvert or soil
during the service life of the pipe

External corrosion rate per year
(in per year)

Average length of the piping section
replaced after failure

Average rgpalr time per one fallure

(depending on pipe size)
. Urban area

. Suburban ares

Average cost ¢f the repair per
failure per pipe size
. Urban area

Suburban area

101 ' 102
yes yes
yes yes
unknown none
destroyed none
1/25 niles

for 15 years

yes all the
time
unknown :
16 to 33 no failare

no failure
about 30
days
including all
auxiliary work

no feilure

410,600 to

$15,900

103

yes

yes

no relation-
ship

39 failures
in 1978

16 per
failure

varies, for
small size
pipes it
takes one day

$2,800

10k

seldom
normally

usually
very thin,
0.004" to
0.008"

age has small
influence whren
the system is
of good
condition

too short expe-
rience with the
system without
air gap to give
an answer

steel pipes
from early
1950's still
in good
condition

can't be

answered

can't be
answered

can't be
answered

105

yes

apprcx-mately
0.9L" <o 0.06"

leak i1 culverts

yes, bat the new
coastruction
methods are
reduciag the
fedlure rate

air gap is
impo-tant for
the zervice
1if2 cf the
pipz

37 t> 66
2 to 2h hrs
for ezample,

33* or 8" pipe
cost 6,100

106

yes

yes

no
16 to 32
total repair
time: 1 month;
pipe out of
service for
3 to L days

EXHIBIT I

page 10
107 108
no specific
experience yet
yes

01 °%ed
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Idenzification Number

16. Meintenance cost per mile per year
. Urban sarea

. Suburtan area

D. Additionsl Comments or Informaticn

101

6% per year
of the
installation
cost

102 103 10k

29, per year $1,800

of* the

installation $14,000
cost :

the system is 15
years in opera-
tion; the expe-
rience is good;
the maintenance
cost is low; the
installation cost
is high

105 -

53,100 -

106

1% of rein-
vestment value

total operational
cost $18,000/
mile/year

107

two persons
all year
round=total
$37,000/year

EXHIBIT T
page 11

108

11 a%ed
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Country

Name of the Distric= Heating System
Identitication Hnber

Heat Capacity of the System (MWt)

Years in Service

. Design Paramelers add Features

. Pressure (psig)

—

. Temperature range (F)
. Supply line

n

. Return line

w

. Type of control of heat supply

- piping design sfandard or code

=

. Piping size range (ir)
. Transmission piping

\n

. Distribution piping

Jokkaico Heating
€o., Sepporo

~09

8 tc 16

2 tc 10

HOT WATEF. DISTRICT HEATING
MSTWORKS OPEFATTONAL EXPERIENCE

Senri Cantral
Femting, Osake

110

50

267
356
218

variable
flow

Japan Industry
Staendard JIS
G zhsh

5 to 13

3to8

JAPAN
Zhiba Se2aside
New-Town, Masego
Chiba City
111

23

230 to 266

176 and below

variabie flow
by pressure
difference
regulating valvs

Fukuoke -eat
Supply Co., Fukuoka
13z

23=fot water
17=chi'tded water

128=winter
100=suurer

248=hct water
L5=chi’ied water

122=t.ct water
57=ctdi’led water

varietle flow

four pis2 system

T=lo< water
16=chi 124 water

1} for hot and
chilled water

Nakita New Town

District Heating

System, Tokyo
113

11 (157 total
proposed)

hot water in
winter, chilled
water in summer

6

70 to 92
(140 max) -

158 (176 max)
122.

variasble flow

JIS and Japan
Petrolium
Institute (JPT)

6 to 22

2 to 10

EXHIBIT T
page 12

Hakodate Netsu
Kyokyu Co., Hokkaido

11k
7.5

141 max winter
season only

248 + 9

158

3toé6

1 to 2}

21 #8sd
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Identification Number

%. Piping wall thickness (in) for
different pipe sizes

%. Piping length (miles)
. Transnisslon piping

. Distribtution piping
&. Type of piping installation and
nenufacturer

. Rigid concrete envelope

. Conduit

. Concrete culvert or trench

. Ductless directly buried in
powder backfill

9. Type of thermal expansion devices
. Slip type

. Bellows type

. Expansion loops

. Others

109

0.146 to 0.500

11

16.5

metal-cased
type

U-loops and
L-bends :

110

sched. LO

2.5

0.2

RicWil Japan Co.;
Kubota Tekko Co.
(permanent pipe)

yes

ball joints

111

0.217" to 0.437 for
RicWil steel; O.OL7"
to 0.083" for F-F
Katel (spiral corru-
gated copper)

no

yes, RicWil Japan Ltd.;
Flexwell-Fernheiz Kabel
manuf, by Nishi Nippon
Elec, Wire & Cable Co.,
Ltd, under license of -
Kabel and Metall Werke
W. Germany

concrete culvert for
installation under
railway only

no

no

no

yes, for installation
in manholes and culvert
for F-F Kable

BARCD Ball-joint made

by Aeroguip. Co., U.S.
for instellation in
wanholes for RicWil pipes

112

6xh

2xh

no

0o

1640 £t

using this type
except 1640 ft
of conduit

. no
no

partially

sinusoidal
txpe

EXHIBIT I

page 13
113 11k
carbon steel:
2"asched. kO
8"=sched, 20
12"=sched. 20
22"=sched. 20
copper: 4"=
0.032"
5“=0.°l472"
6"=0.0512
3 2.5
0.5 1.3
steel pipe yes, Nishinihon
conduit Electric Wire Co.

yes, ball joint
type

yes

yes

snake type

€T 98ed
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Zdentification Numbe-

10.

11.

12,

13.

iUR

15

16.

17

18.

Type of piping joint and bend
techniques .

Type of manholes

Piping materiel {carrier pipe)

Type of carrier pipe external
protective coating

Type of insulation

Casing piping meterial
(insulating envelope)

Means of corrosion protection
(cathodic protection, eic.)

Is the piping system water
drainable and dryable

Existence of an air gap betweea the
insulation and the culvert or soil

109

ail joints are
arc-welded

reinforced

concrete

carbon steel
pipes for

pressure service

rust inhibiting
peinting

cslcium-
sllicate type

electric arc-
welded carbon
ateel pipe

cathodic pro-
tection and
coated with
coal-tar
enamel

dryable

air gap exists

between insula-
tion and casing
pipe

110

rigid concrete

carbor steel,

JISs 5 3k55

carboa steel

cattcdic protection

res

jone

111

argon-welding for
RicWil pipes; no
Joints for F-F
Kabel

reinforced cancrete
construction under-
ground or road

no coating

calcium silicate
and air space for
RicWil pipes;

hardened polyurethane

foams for F-F Kabel

spiral corrugated
steel conduii cr
steel pipe for
RicWil pipes;
spiral corrugated
steel conduit for
F-F Kabel

asphalted glass
fiver coating end
cathodic protectior.
for RicWil pipes;
polyethylene sheath
for F-F Kabel

yes, for RiciWil
pipes

yes

1i2

welding and
flarges

no stancard speci-
ficatior, depencs

< construction site

steel ard >cpper=
ot water;
steel=chilled water

carrier pipe
enclosed in
& 2condu-t

golyurekane
foam

sl}eel

none:

113

welded and
flanged

concrete and
steel type

carbon steel=
SGP, SGPG 38,
STPY U1;

copper=DCuR~1
(JIS Standard)

calcium
silicate or -
polyurethane

steel, SGP,
SGPY b1,
other “FRV (JIS)

external conduit
is protected with
coal tar coating

use of draln trap

yes, in case of
steel conduit

EXHIBIT I
page 1k

114

flange, pipe
flexible

concrete manholes,

steel 1id

corrugated
copper

polyurethane

corrugated

steel

none

dryable

none

41 98ed
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Idenzification Number

19.

20

21.

Existence of a ground water drainage
system &long the district heating piping

Makeup water treatment
. Type of softening

. Type cf deaeration

The depth of soil ccver above the

piping instellation (ft)

. Urban area

» Suburban erea

kot water velocity at nominal conditions,
ft/sec

23. Doz=s the piping installation meet the

24,

following performance criteris:

. Resistance to groundwater iafiltra-
czion and spread of water in the event
of water infiltration.

. Resistance ‘to water damage

. Resistance to mechanical or structural
damage

. Besistance to corrosion

. Fesistance to other causes of
ceterioration

Simplicity of installation

. Ease ir: repeir

Quality contrel criteris
. Testing of prefabricated piping
components at the factory

. Testing of both system compcnents
and the complete syste=m at the site

109
none
ion exchange

resin

deoxidakion

over 4

less than &4

yes

service pipe is
hydrostatically
tested at 850

psig and x-ray

examined

none

ion exchange
resin

direct contact

=
o ot
OO
<o o

Al hte)

yes

yes

111 112
none none
ion exchange ion exchange

resin resin

not installed

h to 9.8 rgver 1.:
over

4.3 to 5.6 6.6

yes

yes

yes yes

none

yes presently
performing
such testing

yes presently
performing
ach testing

113

none

over b
10.5

yes

yes

yes
yes, the casing
pipe is coated
with coal tar

enamel

no

no

yes, 1in manholes;

difficult in
streets

yes, x-ray,
pneuwnatic test,
hydro test

yes

- EXHIBIT I
page 15
114

none

chemical

2.6 to 9.2
none

3 to 6

no examined

ditto

ditto

ditto

yes

none

61 aged
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Identification Number

B. Operational Conditicns

1. Average annual temperature of the
hot water (F)
. Supply line
. Return line

2. Condition of other adjoining

utility systenms
. Cold water piping

. Sewer system

. Electrical system

. Storm drainage system
3. Type of soil whire the network is
installed
. Clay
. Sand
. Others

4. Soil corrosivenzss

. Corrosive (resistivity less than

10,000 chm-cm)

. Mildly (10,000 to 30,000 ohms-cm)

. Noncorrosive (over 30,000 ohrs-cm)

5. Presence of stray direct currents

6. Soil sulfate ccntent

lag
248 tc 266

- heat-proofing

by insulating
mater:al

10,000 ohns-cm

nce

no data at
present

110

good

good

gocd

good

yes

yes

none

unknown

111

230 to 266

176 and below

12" min.apart
for parallel run;
6" min.apart for
crossing

ditto
10' apart for

parallel run;
5' for crossing

811t and sand

yes, but have
no available
data of resisti-
vity

perhaps no
presence

unknown

112

248=h>t water
45=c111124 water

122=hot ‘water
57=caz2l=d water

no exiauence
no exlssence

more taan 63°
away

no erxigcamce

-1

vea
nc

BG

Low

113

158

yes

yes

2350 to 35,000

chm-cm

yes

no

EXHIBIT I
rage 16

11k

248
158

town service
system

yes

none

yes

not examined

noi examined

ditto

97 29=d
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Identification Number

7.

10.

11.

12,

Soil sulfide content

Soil pH

S te water table (the water is
above the bottom of the piping system:
Severe (frequently)

Bad (occasionally)

. Moderate (never, but surface water
remalns for short periods in the
soil surrounding the system)

Mild (never)

Types of control of the pipe condition

during cperation

. External and internal corrosion
monitaoring

Water flooding in the plping system

Piping leakage detection

. Pressure in the condait

. Dthers

How long is the system out of
service during the year?

Possibility of periodic contact of
the external unprotected piping
surface with ground water

(2vclic wetting and drying of the
insulation)}

109

no data at
present

no data at
present ~

vater is below
the botteam of the
piping system

check for the
existence of
steam in man-
hole from conduit

none

110

unknown

5 to 7

none

none

none

none

none

none

111

unknowr

yes

none

none

yes, by system
pressure and
quantity of

* make-up water

none

never, in service
all year round

none

€.5

partly

mostly

no

nd

none
none

make-up
water volume

a0t waters

seven months;

20ld water=
2ight months

none

123

no

6.75 to 7.9

yes

yes

none

monitoring
make-up
water flow rate

norie

30 days

EXHIBIT 1
page 17

114

ditto

ditto

yes

sound detection,
temperature
detection

5 months

LT afsd
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identification Number

13.

1k,

15.

Frequency of preventive maintenance
. Hydro test (pressure)

. Thermal test (:emperature)

. Manholes
. Expansion devi:es

. Joints

. Valves
. Others

Heat losses
. Transmission piping

. Distributibn Eping

Water makeup recuirement in percent
from the network water flow rate

Network Failure Anelysis

1.

Piping fajlure vate for different
pipe sizes (breeks of the pipe per
mile per year)

. ictual pipe breaks

. Damage caused by thermal and
hydro tests

Major failure e ement (s)

Method of fallure detection

109

check once
in 10 to 30 days

check once in 10
to 30 days

10% per
year

110

none

monthly
monthly

monthly

none

15%

none

none

expansion
devices

routine
Arspection

111

none
none

monthly
inspection

monthly
inspecticn

monthly
inspection

once in 1975
and once in
1978, RizWil
pipe

erroslon of
carrier pipe
by ground weter
infiltration in
conduit .

none
none

ingp2etion
once a xonth

2 tinasfyear

once 1 month

2 timee/year

oncefyear

0.04 Mi/rmile=
hot water
0,023 Md/mile=
chil’ed water

0.003 MW fmile=

hot ard chilled
water

0.32

none

lealmge from pipe

Joinmt

thermoelectric
courlz, infrared
scarme>

113

none
none

visual inspection
evary 10 days

visual inspection
every 10 days

no

visual inspec-
tion every 10 days

0.69/aay

none
none
inspection by

periodical
patrol

EXHIBIT I
page 18

11h

once/year
none

2 to 3 times per
month

not installed

2 times per month

5%

estimate

7%=1978
31=1977

this year is the
first occurrence,

6 times in k& months

Joints on branch
parts

abnormal amount
of make-up water

g1 a%ed
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Identification Number

4, TLocation of pipe failure
. Supply line

a) straight pipe

b) joints

c) expansion devices

d) manholes

e) ;alve

£) pipe anchors and support;

g) others

Return line
a) straight pipe

b) joints

c) expansion devices
d) manholes
e) valve

f) pipe anchors and .supports

5. Cause of pipe failure

. External e.ectrockemical corrosion

. Erosicn

. Insulation failure

. Failure of co-located utility system

Failure of the culvert

yes

110

ball joints
ot

i

111 112

few

- many
few

many

few

few

yes few

yes, ball jcints wany
in manholes

few

few

yes, by ground
water infiltra-
tion in conduit
yes yes

yes

yes

little corrosion on
the external surface
of small pipes

very low corros:..on

rate

113

none
none
none
none
none

none

none

none

none
none
none

none

EXHIBIT I
. page 19

114

5 cases

one case due to
damage of the
casing coating

none

nene

none
none
none

none

now being studied

61 2%8ed
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Identification Number

10.

11.

12.

13.

1h.

. Mechanical or structural damage
under earth lcads, vehicle loads,
thermal stresses, etc.

Character of corrosicn
. Pitting

. Small spots

Corrosion sp>t location

. Bottom side of th: pipe

. Top side

Wall thickness when the pipe ruptured

Condition of the coating, wrapping or
insulating er.velope

Dependence of tre failure rate on
the piping system sge

Average length of the piping section
replaced after failure

Average repalr time per one failure
(depending on pipe size) :
. Urban area

Average cost of the repair per failure

per pipe size
. Urban area

Maintenance cost per mile per year
. Urban area

. Suburban area

109

gusting of hot
water due —o mis-

‘handling when

gland packing of
bulb was exchanged

$15,000

110 111
yes, cause of ground-
water infiltration is

the conduit damage due
to construction works

yes

yes
0.28"

crumbled cut

980" x 2 = 1975
560' x 2 = 1978
two months

$2,900

112 113
mecharicel or
strueturel damage

unde> thexmal
stresges

yes, 0.04"
to 0,08"

fallurz xate
decyeases year
after yesr

no dake.

2 days

n> casa

EXHIBIT I
page 20

. 114

none

yes

3 to b days

$§2,500 to

$20,000 (estimate)

Oc 98wd
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EXHIBIT II

Steam District Heating Networks
Operational Experience



Country
Nume of the District Heating System
IdentiPication Number

Heat Capacity of the System (million
1b/hr of steam/MWt)

Years of Service

A. Design Parameters and Features
1. Pressure (psig)

2, “emperature range (F)

. Supply 1line

3. Type of control of heat supply

4. TIs condensate of the steam
syatem being returned

5. Piping design standard or code

6. Piping size range (in)

. Transmission piping
. Listribution piping

7. Plping wall thickness (in) for
different pipe sizes

8. Piping' length (miles)
. Transmissicn piping
N . Distributicn piping

Con  Edison

1

1k/k100

80

200 and 400

413 and 475

no

ANST B 31.1

2L
4 to 30

.237 to .50

15
75

STEAM D1STRICT HEATING
NETWORKS OPERATIONAL EXPERIENCE

‘Roston Edison  Indianepolis

Power & Light & Electric

2 3

2.34/686 1.72/504
93 80
250,300, 400=
design; 10=LPS5
150=operating 250=HPS
commensurate
with properties 240 to 600
of saturated
steam
250 and 300 psig
Lines=pressure
400 psig=desuper-
heater
no, only two no
cus tomers .
ENSI B 31.1
yE b, 20 to 30
2 to 2k 2 1/z to 12
SID except
24=Xs .375 mwin.
2k
35

EXEYAIT 11
page 1

UNTTED STATES

Rochester Gas Union Electric Wisconsin Baltimore Gas Dayton Power Georgia Power,
St. Louls, MO. Electric Power-and Flectric and Light Atlanta, Ga
N 5 6 7 8 9
1.57/460 1.2/352 1.1/322 .99/290 .96/281 0.80/234
59 Vel 7 63 T2 fiew plant from 1973,
retired from 1903
10 to 15=LPS
350=DPS 228=winter 25=DPS 125=LPS T=LPS 90=MPS
750=TFS 200=smmer 185=TP3 250=HPS 175=HPS 160=HPs
210=plant header
550=DPS steem supplied  353<LPS 378=HPS 450 at plant to
750=T7S 365 to 520 to LHS at LOSF  LO6=HPS saturation temper-
ature at above
pressures
station dispatch, spence redu- pressure automatic temperature
turbine back cing valve con trol master con- operated
pressure, trans- trol of boilers control valves
mission pressure
regulators and de-
superhesaters
no no a0 no no no
ANSI B 31.1 ANSI B 31.1 ANSI B 31.1 ANSI B 31.1 ANSI B 31.1 ANSI B 31.1l=piping
250 psig 150 & 300 psig=valves
300 psig/5@0F=expean~
sion joints
250 psig=traps
10 to 12 12 to 30 21/2 to20 1, 16 and 20
3/4 to 2k 8 to 24 2 to 24 2 to 24 3/h to 12 2,4,6,8,10,12
sched. 40 seamless= 2 to 12=STD
DPS; STD sched. 4O STD ST 16 and 20=XS
sched, BO=TPS
]
P
1.96 none 23 12,9=mains 13.2=mains 11.8 @
2h 27 5.5=service 3.7=service -

II 1191



Identification Number

Type of piping installation and
manufacturer
. Rigid concrete envelope

9.

. Conduit

. Concrete culvert or trench

. Ductless directly buried
in powder backfill

. Others

10, Type of thermal expansion devices

. Slip type
. Bellows type

. Expansion loops

. Others

11. Type of piping joint and bend

techniques

12. Type of manholes

1 2
yes
steel pipe yes
conduit
reinforced
concrete no
structure
no
no
yes yes
yes yes
yes no

ball joints,
expansion bends

flanges,
welds,
forget
fittings

reinforced concrete

concrete

5%

2%

yes

ve:lding

prezast;

beizk walls, concrete
concrese .

rocf & con~
crete build
at site

b 5 6
omer's
yes da2sign
RicvWil
temporary
-ase only

TBKO on RicWil
with 4" concrete
envelope and
concrete expan-
sion boxes

yes

ATS only if ADSCO
necessary

no yes neaeerous

manafacturers

‘used whenever
possible
butt welds, slip type, weldirg
mamufectured berds all
bends 99%° welded
1 3" dlemeter
reinforced 9" wall thick- poured or

ness, concrete klock cor-
poured in erete cOne-
place =“ruction

7

Permu-Pipe
{Porter-Hayden)

RicwWil;
Ebco

poured in
Pplace by
company or

contractor
none

none

yes

no

ball Joints

butt weld
Joints, no
bpending
allowed

reinforced
conecrete
poured in
Pplace

EXHIBIT II

page 2
8 9
around precast
insulation with
or without air aone

space and concrete
envelope around
monolithic insulation

RicWil prefabricated
sections

Ebec, RicWil,
clay tile, clay
tile/conc. pad

walk through
tunnel (2200 ft)

Gilsulate (only

Trisulite,Insul-
200 f't) fi1l1, Gilsulate
wood encased current use is
wrought iron EBKO and/or
pipe installed . Trisulite

from 1907 thru
1929 inclusive

yes, gland packed Yarway and

and gun packed ATS
yes Zallea and
ADSCO
yes yes

yes, diaphragm
{%pe on older

lines
welding joints
and fittings; other
lines have screwed
fittings,flanges,
flanges with wedges
& some special angle
fittings

all have concrete
floor and ceiling;
walls are either
brick, block or
concrete

brick and/or
concrete

2 9f8ed
I1 LIGIHX3



Identification Number

13. Piping materiel (carrier pipe)

14, Type of cerrier pipe external
protective coating

15. Type of irsulation

16. Casing piping material
(inculating envelope)

17. Mears of corrosion protection
(cathodic protection, etc.)

18. 1Is the piping system water
drajnable and dryable

19. Existence of an air gap between
the insulation and tle culvert
or eoil

20. Existence of a ground water
drainage system along thre
district heating piping

21. Makeup water treatment
. Type of softening

. Tvpe of deasration

1

carbon steel carban steel

AS3 Grade B
seamless

none

calcium silicate;sponge-

closed cellular
glass

concrete,
asteel

hot coal ter
enamel coating;
cathodic pro-
tection

ves

yes

none

2 3

carbon steel

nane witeolite
#303-P-
primer
calcium

felt; silicate

asghestos

calcium

silicate/

asbestos

free

concrete

ncne none, no
problems

bax cons- yes

truction-

yes; solid

pcur consg-~

truction is
nct drainable

brt dryable
nane 50%
ncne 30%

zeolite treat-
ment with brine
sclution for
regeneration

yes

L 5
carbon steel
AS3B & AlO6B

none none

calcium silicate, Garey temp.
:2(layer) double silicaze
thickness

A fiber in wet
areas

12 gauge black
iron with tar
wrapping

none

none none

yes yes

yes, 1" yes
minimum

10% of system yes

installed in
1920-1930

zeolite bed

calcfun

after —974;
asbestos
before 1974

none

yes

yes

none.

carbon steel,
API Sté. SL

none

calcium
silicate

carbon steel
pipe

casing pipe-
protective
coatings and
magnesium
anodes

yes

none

zeolite

thermal, acid

carbon steel;

older lines are

wrought iron
none

precast or

monolithic

RichWil

some cathodic
protection

yes

yes, in our
standard open
duct

none

hot process
lime and soda

direct contact

feed and vacuum deaeration

degasification
to remove COp

EXHIBIT IT
page 3
9

ASTM Grade B

none, except
item 9

current type is
calcium silicate

none present,
but may be required

yes

except for powder
insulation

where required

sodium zeolite

Chicago
heaters

¢ a8ed

LIETHXI
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Identification Number 1

22,

23.

2k,

The depth of soll cover above
the piping installation (it)
. Urben area *

2 to 10

Steam velocity at nominal
conditions,ft/sec L0O

Does the piping irstallation

meet the following performance

criteria:

. Resistance to groundwater yes
infiltration anc spread of
water in the event of water
infiltration.

Resistance to weter damege yes

Resistance to mechanical.or yes
structural damage . )

Resistance to’ ccrrosion y'éa"

Reslstance to other causes of
deterioration

Simplicity of inmstallation yes

2

rengzs from
2' minfmum
to 12-14!
meximun

veriable depen-
dent upon load

all constructicn

iz {astalled for
resistance to
ground water; how-
ever in solid rour
censkraction the
srread of water re-
sults in localized
bcillng at infiltra-
tion point

yes

yes

3 4 5
b to 7
2to9 3toh
30 to 90
yes 804 ves
excellent
yes fair
y=8 excellent
y2s excellent with
yeer around
cperation
none
yes

6

1.5t 8
o deeder

250

no

' no

no’

2.5 mini-
mum

200 max,

yes

yes

EXHIBIT 11

page U

8 9
approximately varies
2t 7 from 1.5

to 3
150 130 to 170

we do not have
a ground water on new
problem construction
we design to keep same
scrface water and
leakage from other
utilities out of
tre system
yes, concrete same
enivelope
yes, by desiining sene
tc keep water out
of the system
we have installed
bending cables around
our slip expansion
Joints to help mini-
mize pipe pitting due
to electrolysis
depends on the size, yes

depth, and

locatdon (street bed
vs. aidewalk bed, etc)
of the line being in-
stalled and the number
and location of other
utilities encountered

4 o8ud
I1 II9IHX3



Identification Number

Zase in repair

25 Quality control criteria

. Testing of both system components

Testing of prefabricated piping

ccmponer.t at the factory

and the complete system at the site x-rayed

B. Operational Concitions

1.

Average annual temperature of

the heating medium (7)
Supply line

Cordition of other adjcining
utility systems

.Cold water piping

Sewer system

Eleztrical system

Storm drainage system

Others

Type: of soil where tle retwork is

installed
Clay
Sané

Others

1 2 3
no yes, contingent yes
on location dicta-
ted ty city grants

of lccation
no no
welds are yes, weld testing yes
by x-ray :
commensurate with
properties of satura-
365 ted cteam
several average fair
leaks
below steam
piping average fair
averaze good
average fair
average
yes
yes yes
rock, silt compacied gravel

(filled iand) and
naturak gravel

y

.aifficult

yes

no

k20 to 670

bad

fair

good

fair

telephone-
poor

25%
25%

504 rubble

yes

365

ventilation
manholes

yes

no

100% x-ray of
welds on piring

saturated steam at
pressare up to

25 pslg=DPS;

410 F at 185 psig=

TPS

unknovn, but
leaky

unknown

none:

no

no

274=Lps
350=HPS

fair

good

good

good

gas-good

yes
yes

EXHIBIT IT
rage 5

ditto

yes, in regard
to RicWil piping
sections

hydrostatic test
at LOO psig

233=LPS
338=MPs
378=HPS

some leakage which
can saturate the
earth around cur lines

some leakage but the
sanitary sewer system
is usually located
below our lines

generally good

some leakage which
can saturate the earth
around our lines

gas and telephone
generally good

20%
30%

combination gravel 50%

of above

9

where possible

yes

230 to k50

n/a

yes
no

¢ ofed
I IIGIHXA



Iéentification Number

L.

10.

Soil corrosiveness
. Corrosive (resistivity less corrosive n/a
than 10,000 ohm-cm)

. Mildly (10,0C0 to 30,000 n/a
ohms-cm)

. Noncorrosive (over 30,000 n/a
ohms-cm) : .

Presence of stray direct currerts yes n/a

Soil sulfate content varyirg nfa

Soil sulfide content varying n/a

Soil pH high =0 low n/a

Site water table (the water is
above the tottom of the piping

system:
... Bevere (freguently) average
. Bad (occesionally} ves condition
. Moderate (never, but surface would be
water renains for short periods clsased as
in the soil surrourding the bad
system)

. Mild (never)

Type of control of the pipe
condition during operation

periodi: moni-
torng of mains

External and internal conzrolled by none
corrosion monitoring cathodic pro-
teciion

. Water flooding in the piping pumd>s are loca-
system ted throughout trapping
the system

n/a
n/a

yes

none

AN

!‘l/a
n/a

l‘l/a

nfa

nfa

n/e

yes

n'e

n/a
nfa

yes

varies with
location

generally
mildly
corrosive

no

not measured

not measured .

6.5

yes

none

no

20%

30%

50%

yes, some now, but
they plan to elimi-
nate these in the
future

information not
available

n/a

from 6.6 to
7.3 inclusive

no

no

yes

no

none

no

EXHIBIT IT
page 6

not at presant

yes

when possible

rain storms

9 a%ed
II LIGIHXE



Identification Number

11. How long is the system out of

13

. Plping leakage detection

. Pressure in the conduit

. Others

service during the year?

Possibility of periodic contact

of the external unprotected
piping surface with ground
water (cyclic wetting and
drying of the insulation)

Frequency of preventive
maintenance
. Bydro test (pressure)

. Trermal tesi (temperature)

. Manholes

. Expansion devices

. Jolnts

1

leaks are visible.
repaired on prio-
rity

none

only for short
periods, say 8
hrs each time
to do repair

possible contact

during rain water
runoff

none

none

none

slip joints
inspected 3
times per
year

none

2 . 3

visual, or
exploratory
excavation - conduits
manholes

inspection

leak indi-
cators at .

expansion
Joints

never, except heating only,
for localized 3 months each

maintenance year

yes, occasio- none

nally

none new systems

none at some
custamer
location

ongoing

occasional

packing of

s8lip joints

none

manholes, warm
spots, other

never comp-
letely out
of service

yes

n/e

n/a

cleaned and
inspected
yearly

n/a

packed twice

none

never

short periods

inspected once
a month

inspected once
& month

inspected once

yearly,except a nonth

ATS joints

yes

visusl observa-
tion of leaks at

the manholes

total system-
never; partial
areas § to

24 hrs

yes

ennually

annually

annunlly

no

no

never

occasionally

none, except
upon install-
ation

none

visusl,
annually

visusal,
annually

none

EXHIBIT 11
page 7

yes, audio-
visual s at

yes

hot street, :
sidewalk or
ground surface
adjacent to
steam lines

it operates
year-round

yes, with sur-
face water perco-
lation and other
utility leakage;
high on old wood
encased lines

400 psig, cold
water at instal-
lation

when hydrostatic
test carmot be
used, we use
steam pressure

weekly, audio-
visual inspec-
tion

weekly, audio-
visual, inspec-
tion (slip joints
in manholes)

weekly audio-
visual inspection
(in manholes)

visual, venting

manholes

no

none.

during rain
storms in
certain areas

new construc-
tion tested
with steam

new construc-
tion tested
with steam

monthly checks,
more often in
some cases

varies with
location

), a8ed
II II9IHX3E

visual checks,
monthly, repairs
made when needed



Iéentification Number

. Valves

. Others

14, Heat losses
. Transmission piping

. Distribution piping
15, Water makeup requiremeni in percent
from the network water or steam

flow rate

C. Network Failure Analysis

1. Piping failure rate for differert
pipe sizes (breaks of the pipe
per mile per year)

. Actual pipe breaks

. Damage caused by thermal and
hydro testn

2. Major failure element (&)

3. Method of failure detection

nomne

none

nc testing
dcne

leaks on
flanges,valves,
expanaion
Joints

visual

leak indicetom
at expansion
Joints, explor-
atory excava-
tion

2 3
continual
3 two men
crews are out
-everyday
10 to 124
100%
minimal
none
age and
expansion water
Joints and
gaskets

u

as required -

120 btu/hr
per ft< of

pipe area

100%

none

none

LPS installed
in 1950's ope-
rated season-

ally

visual

5

inspected
once & month

irformation
not availeble

1004 )

not reco-~ded

not recorded

expansicn
Joints

1solation

6
part of manhole
inspeciion

EvVerages

1%

100%

277
average

none

leak in

visual
cbservation

7

vigual
annually

as required

none

6% of
output

100%

no record

negligible

none

expansion
Joints, trap
piping, man-
hole sump
pumps

visible
vapor

EXHIEIT TT
page B

8 9

weekly, audio-visual trap inspection
inspection (in monthly or sooner
manholes) when required

steam traps-weekly, .
audio-visual ins-
pection (in manholes)

14,831 #/hr=steam

maines;

1,436 #/hr=steam
services

100%

0.30,since Jan 1,
1976.0ur analysis
only takes into
consideration the
replacement of LP
& MP velves 6" and
over,HP valves 2"
and over, all pop-
safety valves, all
pressure regulating
valves, all expan-
sion joints, all
complete service
lines and 15 f%, or
more main line,

none
corrosion of pipe

wall and expansion
Joint bellows

audio~visual
and thermal

250,000 #/day

average

only four in
15 years

g °%ed
IT LI9IHXE

none

bellows Joints,
trap lines,
anchors

isolation and
excavation,all
welds are located
on piping drawings



Identification Number

L,

Location of pipe failure
+ Supply line
a) straight pipe

) joiats

c) expansion devices
- d) manholes

e) valve

£) pipe anchors and supports

g) others

Cause of pipe failure
. External electrochemical corrosion

Internal electrochemical corcrosion

3acteriological corrosion

Erosion

Zreulation failure

yes
yes

yes

yes

stress
corrosion
on bellows
Joints

stress
corrosion
on bellows
Jjoints
none

none

none

none, rare
weld leak

bellows of
corrugated

expansion
Joints

gaskets and
auwxiliary

piping

gaskets

extremely
rare

none

none

none

none

none

yes none yes

none

packing none

yes none, only
leakage

yes none yes

small leaks
on trap discharge welds
lines

yes none ) yes . yes

ndne

none

none

none yes

corrosion
bottom

welds, some

with flenge
gaskets

stress cracking
of bellows
deterioration

of concrete

corrosion of”
operating
mechanism

deterioration

corrosion of
trap piping

yes, valves

pipe, expansion
Joints, trap
piping

none

none

water infilt-
ration via man-
holes

EXHIBIT II
page 9
8 9
11 yes
no record weld, flanges
7 " yes
no record seldom
3 flanges
negligible yes
no record
ves
yes, very o
little &
o
o)
none
yes,internally yes,mostly

caused by the

flow of conden-

sate

no

II JISIHXZ



EXHIBIT IT

page 10
Identification Number 1 2 2 L 5 6 7 8 9
. Fallure of co-located utility water main occasional yes water leaks water main yes, water lines,
system breaks may rupture of arpear to be breaks storm sewers, and
rupture cast vater mains a probably sanitary sewers
iron fittings contributing-
factor
. Failure of the culvers no no none yes, some spalling
of the walls and
cellings in our
tunnel
. Mechanical or estructural demage none yes, thermal ‘no . : anchor and little, 1f any water hammer
under earth loads, vehicle loeds, shock and . support fail-
thermal stresses, etc. . settlement ure lead to
thermal stress
failure,vehio
cle loads acce-~
lerate manhole
deterioration
. Others valve packing ‘ . anchors concent-
gaskets rated on a small
pipe area cesusing
metal fatigue
6. Character of corrosion
. Uniform ‘ . n/a yes _ no
. Pitting conduit only n/a yes usually yes from inter-
. nal erosion
. Small spots n/e res. ) pitting varies
T from pin holes
to % in diameter
or larger
7. Corrosion spot Zocation .
. Bottom side oI the pipe n/a - yes yes usually - yes, some; . yes
some at sides
of pipe
. Top side n/a yes yes, mostly E g
8. Wall thicknees when the pipe no pipe rup- original no major thin around no records reduced to O no rupture; ﬁg
ruptured ture failure external kept leaks start oH
corrosion with a pinhole o]
and grow



Identification Number

9.

10,

11,

13,

1k,

15.

16,

Cendition of the coating, wrapping
or insulating envelope

Dependence ¢f the failure
rate on the piping system age

Existence of an air gap between
the insulation and the culvert
or soil during the service life

‘of the pipe

Ex-ernal corrosion rate per y=ar
(1m. per year)

Average length of the piping section
replaced after failure (ft)

Average repair time per one feilure
(dependirg on pipe size)
. lrban area

Average cost of the repair per
feilure per pipe size
. Urban area

Maintenance cost per mile per year
. Urban ares

1 2

none on average to
pipe very good

old systems unrelated
have flanged
goints, these
fail more than
welded joints
system is cons- nfa
tructed with an
air gap
unknown, if
any
6 approximately
4, which repre-
- sent length of
expansion
Joints
6to8 8 hre
hrs
$1,000 $3,000
$36,000 $30,000,
labor and
material

3 L 5
generally wet from
good failure

nfa not known
minimum
on
8 5
4 days _no record
no record
$37,600 no record

poor

more breaks average ages

the older the 30 years
system is
yes good
no estimate
6 3toh
6 days inclu-
ding digging
and restora- 3 days
tion
$2,200 and up
depending on
interference no record
by cther
utilities
approximately
$37,300, this $16,470 for

includes main~ wain and
tenance of tun- service
nel and manhole
structures

EXHIBIT I
page 11

8

insulation 18
saturated with
condensate and
damaged or blown
away by the
leaking steam

high

yes,in our open
duct;no,in our
solid-pour ,mono~
lithic-pour,
RicWil,Gilsulate,
and wood encased
lines

no record

29 ft;this 1is
taken from 17
repeir jobs in
the past 3-4 yrs;

I

9

varies from
excellent to
poor, depend-
ing on ege
and type

most failures
occured in pipe
over 25 years
old

except where
powdered in-
sulation is
used

2 to 200

the lines repair-

ed ranged from

4 to 20 4n,

405 man hours

$7,228

$1k,243

3 days to
6 weeks

too variable
to estimate,
failure fre-
quency low

11 38w
II IIGIHXH™
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.

Country

Name of the District Heating Systen

Tdentification Number

Heat Capacity of the System
(million 1b/hr of steam/Mit)

Years in Service

Design Parameters snd Feaiures

1.

2.

Pressure (psig)

Temperature range (F)

Type of control of heai supply

Is condensate of the steam system
being returned

Piping design standard or code
Piping size range (in)
. Transmission piping
. Distribution piping

Piping wall thdckness (in) for
different pipe sizes

Piping length (miles)
. Transmissior. piping

. Distribution piping

STEAM DISTRICT HEATING
NETWORKS CPERATIONAL EXPERIENCE

UNITED SPATES

Ha-risburg Steam

Kansas City Power

Distribuzicn System and Light

Corp. Spokane Oregon
10 11 12 13 1w 15
sctusl peak in
0.60/176 0.60/176 0. 50/146 0.4k:/129 last 12 yre = 0.265/78
0.27/79
T 92 over 80 over 50 90 6l 17
15<LPS 8=LPs ‘4O=winter 12=LP5 15 and 150
105=MPS. 75=HPS 20=sunmer 150=HP5
156G 185=TPS :
hac 250 @ 15 psig 246=LP5 hho=gupply line
k2@ 105 365 300 365=HFS 170=return line
380@ 185 "
pressure end tem- pressire reda- pressure re- malti- supply e PRV
perature =ensors cing valves and ducing stations stations contralled by
in boiler outlet desuperheating maintaining
header stations 150 padg plant
pressure
no o no no nc 50%
ANSI B 31.1 ANST 3 3i.1 none follawed
4 to 20 I to 20 6 to 22 8 to 1k
Z to 16 4 to L8 4 to 20 2to8 6 to 2c=L¥s 2toh
L to C=mr8
If' and La-ger= LPS=sched, LO sched., 80 .322 to .500 sched. 3O .and sched, L0
sched. 40; 2" HPS & MPS=ST Lo
end smallere
gched, 30
2,2 1.4 .
11.¢ 8
6.6 6.1 5.8 4, 09=1pc
2,46=1pc

Northern States
Power

Community
Central Energy

The Washington Eugene Water &
deter Fower Co., Electric Board,

Pennsylvania
Electric Co.,
Erie, PA.

16
0.20/59
70
15=LPS winter

5=LPS summer
250=HPS

Loo

no

6 to 20
24t 6

sched, LO

5.5
1.9

EXEIBIT II
page 12

Austin Utilities
Austin, MN.

17
0.07/21

52
21

270

turbing topping

(extraction)
no
ANSI B 31.1

2 to 10

sched. kO

21 9%9sd
IT LISIHXZ
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Identification Rumber

9.

1.

11.

13.

1k,

Type of piping installation end
manufacturer
. Rigid concrete envelope

Conduit :

Conerete culvert cr trench

.

Ductless directly buried in
powder backfill

. Others

Type of thermal expansion davices
. Sllp type

. Bellows type

Type of piping joirt and berd

technicues

Type of manholes

Piping material (carrier pipe)

Tspe of carrier pipe external
protective coating

10

reinforced
concrete duct.
with precast
concrete top-
slabs per owner
specificationa

mostly BOA
or BADGER

welded joints,
flanged at
components

concrete per
company sStandard

carbon steel,
A 106 Grade B
or A53 Grade B

Rust-sele
774 paint

1

yes

no

no

no

welded and
flanged

cast in
place

ASTM AS53
Grade B

roofing
felt 20#

12

same

wooden log,
sewer tile,
tunnels

built up
brick and
block

carbon steel

13

concrete
square duct

yes

ccnerete

ASTM AS53 B

high tempe-
rature tar

1h 15

direct buriel
of pipe witk 2"

insulation covered yes,
by 6" surrounding zecrete
concrete

yes

direct burial of
pipe with 6" surroun-
ding insulating con-
crete (vemmiculite
concrete). Original
(1915) direct burial
with 4" wood log

insulation
a few yes
mostly yes

Joints generally weld
welded, flenged

in plant

brick concrete

carbon steel carbon steel

none

EXHIBIT II

page 13
16 17
yes
yes
s50me
RicWil
60% ADSCO
flanged
Log

butt weld joints

brick and
block

carbon steel
and
wrought iron

flanged

concrete

carbon

steel

none

¢1 o%ed
K3

II L1€



EXHIBIT 1T

page 14
Tdentification Number 10 11 12 13 1 15 16 17
15. Type of insulation mineral wool calcium 1" formed 2 3" fiverglass wood origidiel; various caleium calcium
(older installa- silicate fiver glass fiberglass ard. silicate silicate
tion1; now using calzium silicaze; covered with
calcium silicate presently use building paper
insalating con-
creze (vermieulite)
16. Casing piping wmaterial 15 L3 asphalt concrete concrete &s zecrete some cast
(insulating envelope) roof felt out=r coat iron
17. Means of corrosion protection none none nane cathodic=70% none; rely oa none cathodic none, mainly try
(cathodic protection, etc.) 4 balance=no goad insulaethan protection to eliminate elec-
protection tralyte by maintain-
ing dry culvert
18. Is the piping system water drain- drajnable-yes yes, traps nc yes no partial yes pitched to
able and dryatie manholes
19. Existence of emn air gep between yes, within no sane: yes ncre partial partial yes
the insulatior. and the culvert concrete duct
or soil
20. Existence of & ground water yes no no yes nozae yes yes yes, crushed
drainage system along the rock and tile
district heating piping
21. Makeup water =reatment zeolite softe- hot zeol:lte - lime/zeolite, zedlite deminerali-— hot process
. Type of sofzening ner' plus sodium with cold cation-acid zation lime and zeolite
sulFite zeolite @
peak
. Type of deasration direct contact yes direct contact direct direct contact
contact
22. 7The depth of soil cover abovz mcst are from 4
the piping installation {ft) tc 7, some are 13
. Urban area 3.€ min. 2.5 min fron 3 to 5 3 min, 3 to 15 3.5 to 8 concrete
23. Steam velocity at nominal 3¢ 177 in 18" line 112 to 157 8o
conditions, f't/sec at 1978 winter
peak
2k, Does the piping installatior meet o
the following performance criteria; (5 E
. Resistance to groundwater -nfil- sone resistance yes 10 yes nd yes yes =
tration and spread of water in the p=te
-
-

event of watar infiltration.



Identification Number

25.

. Resistance to water damage

. Resistance to mechanical or

. Resistance to other causes

. Simplicity of installaticn

structural damage

Resistance to corrosion

of deterioration

. Base in repair

. Testing of both system com-

Quality control criteria
. Testing of prefabricated piping

corponent at the factory

ponents and the complete
gystem at the site

. Operazional Conditions

1.

2.

Average annual temperature of
the heating medium (F)

Supply 1line

Condition of other adjoining
vtilizy systems

Cold water piping

. Sewer system

10

some resistance

yes

some resistance

field fabricated
per owner speci-
ficatians

yes

no prefabri-
cated piping
systems

yes, hydro and
steam tests

366

bad

good

11

yes

yes

yes

no

yes

yes

same as
item A2
above

12

ves, asphalt
coating

yes, cement
block casing
or tunnel

nec

yes, in tunnels

yes, in tunnels

no

no

380

gererally in
gocd condition

gocd

13

yes

yes

yes

yes

300

14

no

no

no

yes

yes

245 to 24B=LPS
365=HPS

good

good

15 : 16
partly
yes yes

no outside,
yes inside

questionable

noc

yes yes

440=supply Loo
line

170=return

line

n/a

EXHIBIT II
page 15

17

yes

no

no

yes, refers to
one very short
gection of
RicWil

yes

270

¢1 afwd
1 IIgTHX3I



Identification Numter

3.

. Electrical system

. Storm drainege system

. Others

Type of soil where the network
is installed

. Clay

. Sand

. Others

Soil corrosiveness

. Corrosive (resistivity less

than 10,000 ohm-cm)

. Mildly (10,200 to 30,000
ohms-em) ’

. Noncorméive (over 30,000
ohms-cm)

Presence of stray direct curventsz

Soil sulfate content

Soil sulfidje zontent

Soil pH

Site water table (the water x5 adove
the bottom o the piping syz-em:

. Severe (frequently)

. Bad (occasionally)

10

good

bad

Be’l telepione-
good

yes
yes

shale

yes

11 12

Zood

good

yes yes
yes
shale, l:me shaZe~-rock

stone

not known

no

no

13

unknown

unknown

yes

yes

1h

dameged by

steem leaks end
hea-. loss in some
cases

none

phoae, same
conment as
for electrical

gramelly eanil

yes

scne, because

the: steam. sys=em

is not elacir.cally,
isolated Prom other
ut.lities

15

n/a

yes .

yes

yes

yes

yes

n/a

EXHIBIT II
page 16

16

telephone

mostly

yes

yes

A

17

91 afed
IT LISIHXZ



Identificati on Number

10.

11.

13.

. Moderate (never, but surface water
remains for short periods in the
soil surrounding the system)

. Mild (never)

Type of control of the pipe condition

during operation

. External and internal corrosion
monitoring

. Water flooding in the piping systenm

. Plping ]_.eakage detection

. Presgsure in the conduit

. Others

Jow long is the system out of service
Auring the year? . N

Possibility of periodic coniact of the

external unprotected piping surface with
ground water (cyclic wetting and drying
of the insulation)

I'requency of preventive maintenance
. Hydro tes:t (pressure)

. Thermal test (temperature)

10 11

yes

no

no problem

visual visual, pressure
readings
recording
pressure
ckarts and
flow charts
never not down comp-
letely, customers
were not delivered
rated pressure for
about 25 hrs due to
PRV problems
yes with zoncrete
envelope not
a prodblem
only initial
when new installation
nains
installeé
always, . no
vhenever
repairs
&re made
or new
mains

tested

12

yes

no

no

visual

yes

LPS only
for 3 months

in some low
areas

13

yes

yes

yes

external
monitoring

never '

very rare

1 15

sometimes

due to leaks in
water system

no none
no none

visual none

yes none

never never

moderaikte constantly

no no

no

16

yes

never

some

EXHIBIT II
page 17

17

yes

never

none

LT a%ed
II 1ISIHXZ



C.

Identification Number

. Manholes

. Expansion devices
. Joints

. Valves

. Others

1h. Heat losses a
. Transmission piping

. Distribution pipirg

15. watér makeup requirement in
percent from the network water
or ‘steam flow rate

Ne-work Failure Analysis

1. Piping failure rate for different

pipe sizes (breaks of the pipe
per mile per year)
. Actual pipe breaks

. Damage caused by thermal and
hydro tests

i0

as required

when
irstalled

. as required

13%, esti-
meted

unaccounted

1004

rone

11

constant inspe:-
tion and maiatz-
nance of HFS, zvery
service inspzcted
twice per moata

most sealed
underground

monthly

1978=28%
system unac-
counted for@
customer metarj

1977=18%

100%

20 to 25 leass
repaired per
year on LPE;
HPS=no protlem

none

12
attempt to

clzen them
onze & year

grase them
onle & year

attempt to clean
stem and oil
onze & year

5.4%
100%

20 data

none

13

annual

annual

annudl

annual

LY

no

no

steam trade ace
ckecked aarually
or as reqalred

155 assum=@

100%

leaks:
251978
21=1977
26=1976
1k=1975
3 =0 b=
1968 to
1973

none

15 16
monthly yes, when
needed
monthly yes, when
where avai- needed
lable
monthly packing
very little at times
31%
Lo to 60%
none
none

' EXHIBIT "II
‘page 18

17

annual

annual

annual

annual

monthly traps

Ll ,000#/day
100%

none

none

BT afed
II IIGIHX3



Jdentification Number

2. rajor failure elements (s)

3. M=thod of failure detection

k. Location of pipe failire
. Supply line

a)

b)
c)
)

2)

vy
~

€)

straight pipe

Joints
expansion devices
manholes

valve

pipe anchors and supports

others

5. Cause of pipe failure
. Externel electrochemical
corrosion

. Internal eiectrochemical
corrosion

. Pacteriological corrosion

. Erosion

. Insulation failure

10

piping and
expansion
Joints

steam observed
visual

50% of leaks
(20)

25% of leaks (10)

25% (10) service
lines (lines from
main to curb)

steam main leaks
caused by exter-
nal corrosion

yes

11

piping and
expansion
Joints

visual

i/3

1/3
1/3

rare

yes

no problem

no

no

12 " 13

corrosion
of piping

steam will come

. to manhole or

follow service

pipe

yes
yes yes
yes yes
yes yes
yes yes
yes
yes yes

1little
no yes
no

14

ground water or
water system leak
flashes to steam
causing pitting
and holes

visual

yes

yes

yes

15 16
corrosion
loss of
vacuum
yes
yes
yes yes
yes
yes
traps
condensate yes
lines
yes

EXHIBIT II
page 19
17

gaskets and
packing

visual

yes

yes

packing and
flange gaskets

yes

61 aBed
11 II9IHXE

yes, where conden-
gate in steam service
accelerates as it
drains into main line



Identification Number

. Failure of co-located utility
system

. Failure of the culvert

. Mechanical cr structural damag:

under earth loads, vehicle loals,

thermal stresszs, etc.

. Others

Character of corrosion
. Uniform

. Pitting

. Small spots

Corrosion spot location
. Bottom side of the pipe

. Top side

Wall thickness when tfhe pipe
ruptured

Condition of the coating, wrap-
ping or insulating envelope

1c 11

sarvice piping no
a> curbline due
to grourd water

n/a
no problem

fmproper back-
1illing by
contrazors
general. yes
corrosion

yes yes

yes

poor

12

some

no

Some

yes

yes
yes
yes
zero at
rupture

fair

the

13

yes

yes

yes

yes

yes

1/8" or less

good

1 15

main steam
piping pitting
from nondeaerated
water used for
desuperheators

yes yes

all eround condensate lines
no particular
location
main steam
lines

varyirg from zero

origiral to

zepo

nor —2xistant good

nommelly; mcs=
le€lss have oc-
cured in areaaz
where the ordgi-
naZ (1915) wood
log insulation
hes complately
de=eriorakec

EXHTBIT II

page 20
16 17
yes
yes

yes
yes yes, at rollers
zero

good

0z a%wd
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Tdentitication Number

10.

11.

15.

16.

Dependence of the failure rate on

the piping system age

Existence of an air gap between
the insulation and tre culvert
or soil during the service _ife

of the pipe

Externel corrosion rate per year

(in. per year)

Average length of the piping

section replaced after failure(ft)

Average repair time pzr one failure

(depending on pipe size)
. Urban area

Average cost of the repair per

failure per pipe size
. Urban area

Maintenance cost per mile per year

. Urban_area

10

partislly true

n/a

not krown

8 to 20 ft/
leak

1 week

$6,000/1eak
average

$25,000

11

very dependent

no

not lknown

15

15 working
days

$3,600

$2,708;total
maintenance
cost of the
piping system
in 1978=$32,500

12

fairly direct

no data

8 to 10

2 weeks

13

45 man hours
from concrete
to finished
work

80¢ per ft for
urban area ani
120¢ for subur-
ban area

U] 15
almost 1004

dependent
on age

none

10

5 days

$14,420 in 1978

16

6 to 10

2 days

$2,000

EXHIBIT I1
page <1

17

more dependent

on installation
condition than age;
exception is service
goose neck where
erosion is a function
of time

maintained as nearly

as possible to original
condition

do not test
patch

1 day (steam off
approx. 2 hrs.)

$1,000 (patch repair-
ing, size does not
make a difference)

$8,000

T2 aBed
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Country

Name of the District Keating System

Ildentification Number

Heat Capacity of tke 3ystem
(million lb/hr of steam/MWt)

Years in Service

. Design Parameters and Features

1. Pressure (psig)

2. Temperature range (F)
. Supply line

3. Type of control of heat supply

h. Is condensate of the steam system
being returned

5. Piping design stendard or code

STEAM DISTRICT HEATING
NETWORKS OPERATIONAL EXPERIENCE

Iowa Electric Light Chicago Union
Station Co.

Rice Lake 3Steam AIatamm Pcwear,
Corp.,Fice Lake, Birminzhan 3team end Power

Wisconsin heat System
18 19 20 21
0.05/15
29 86 Lé
125 2 to S=LPS 10 to 100 210
150=H¥S
400 21€ te 225= 24D to 375 389=supply
LPE line
366=H2S 150=return
ine
PRV menual FRV
r:o ne no yes
ANSI B 31.1 250 psig
design

‘CENADA

EXHIBIT II
page 22

FRANCE

JAPAN

Toronto dvcrc  Winnipeg Hydro Compagnie Parisie- Ikebukuro Okazaki Energy
E_ectric: Srstem Electric System nne de Chauggage Distriet

22

.79/205
14

&5=LPS
1G5=HPS

pressure
2ontrol

no

ANSI B 3X,1
Canadiar ccde
'UW51

23
.30/88
75

70

350

125 psig

Urbain, Peris Heating &
Cooling Co.
24 25
6.5/2180 .185/54.3
L9 1
275=winter 128
174=sumer

T2=delivered
to the client

455, superheated= 354=gupply

supply line at line
the plant; 176=return
130=return line 1line

pressure control,automatic
central dispatch control by
and telephone pressure

yes, 75% yes

steam=NF 49 112 subject to

and NF L9 250 technical

condensate=API standard
regulations
and DH in-
dustry's
law

Supply Cc,Ltd.

26

.026/7.7
7

100=winter
L3=sumner

338=supply
line
winter

290=supply
line
summer

185=return
line

pressure

control

using air
yes

standard
STPG 38

22 98sd
IT TIETHX3



ldentification Kumber 18

6. Fiping size range (in)

. Transmission piping 4, 5, and 6

. Distribution piping

7. Piping wall thickness {in) for sched. 80

different pipe sizes

8. Piping length (miles) R
. Transmission piping 1.7

. bistribution piping

9. Type of piping installetion and
manufacturer
. Pigid concrete envelcpe yes

. Conduit

. Concrete culvert or trench

. Ductless directly buried in
powder backfill
. Others

10. Type of bheﬁnal expansion devices
. Slip type

19

5 to 18

6 to 20

sched. L0

6.34

yes, EB Kaiser
Co.

field fabri-
cation with
half round
clay pipe
cover

yes

20 21
6 to 2k 10 to 12
6 to 24 2 to8
sched. 4O XS
and 80
3 2.3
5
ma Jority-
self design

some RicWil

some-self
design

on hangers
some yes

22 23

6 to 14
(main loops)

2 to 20 2 to 6
(services)
2"=sched. 80 S™
23" to 10=sched.
40

12" to 20"=STD

6.3 (mains)

6 (4 miles 200 2.4 (services)
psig, 2 miles

25 psig)

yes, solid concrete box

pour approx, 2'x 2'
0.D, 4" walls

exclueively packed and

in HPS gum packed
expar:sion

Joints

2l

stean=13 to 28";
condensate-1% to 14

up to 4"=0,157
on 28"=0,669 max

132 (mains)

21 (services)

steel conduit
only at certain
crossections,
but not used
now

yes, mostly pre-
fabricated

tried, but not
used anymore

yes, old large
diameters

25

8 to 14

3to8

sched, -20 and
below for

steam and sched.
40 for conden-
sate

L.k

0.2

yes

EXHIBIT II
page 23 .

26

24 to 10

sched. 4O

yes

€2 a%ed
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Identification Numbe=

. Bellows type

. Expansion loops
. Others

11. Type of piping Jjoint ard
bend techniques

Type of manhoies

13. Piping material {carrier pipe)

ik, Type of carrier pipe external
protective coating

15. Type of insulation

16. Casing piping meterial
(insulating envelope)

17. Means of corrosZon protection
(cathodic proteetion, etc.)

18

Is the piping svstem water
drainable and dr-yable

19. Existence of an. air gap between
the insulation and the culvert
or goil

18

yes

concrete

carbon
steel

fiberglass

none

yes

none

19

welded

concrete,
poured in
place

carbon steel

A53 Grade 3

none

calcium

silicate

steel

fiberglass
or tar coat-
ing

yes

20 21
ma ority yes
sone yes

fatr.cated

in f-eld weld

pourzd concrsate rone

ca~bon steel carbon steel

* concrete

asbestos

rone or steel roofing paper

and aluminum
none
no yes
no none

22

only in LPS

vwhere possiblz

welded

concrete

carbon steel

calcium
silicate

conerete

none, pipes
grounded

theoretically
yes, designad
to be drain-
able and drya-
ble

average 13°

screw=C const-
ructior 192h-
195C; from
195C or welded

concraie

genuine
wrocgh= iron

rome

13’ rosk wool
or ieminated
asoestss and
insulacing
concreze

nong

yes

yes, approxi-
metely 4"

24

Zallea and
Teddington type

yes

compensators

welded

pipes are installed
in the culvert on
structural steel,
guided and fixed

at every 200 ft

only painting

glass wool’

o

bituminous
wrapping

two layers
of heat
resistant
painting

- drainable

yes

25

. yes

yes

weld or
flange
connection

water and
electrical
resistance

carbon
steel

rust inhibi-
ting paint

calcium
silicate

painted to
prevent
corrasion

no

yes

EXHIBIT II
page 24

26

concrete

carbon steel

asphalt coating

3" calecium
silicate

STK 41
6" to 22"

galvanic
anode methoé

yes

42 9%ed
I LIgTHX3

yes



-JTdentification Number

20.

21.

22,

23.

Existence of a ground water
drainage system along the
district heating piping

Maxeup water treatment
. Type of softening

. Type of deaeration

The depth of soil cover above
the piping installation (ft)
. Urban area

Steam velocity at nominal
conditions,ft/sec

2h. Doez the piping installation

meet the following perfcrmance

criteria:

. Resistance to groundwater
infiltration and spread of
water in the event cf water
infiltration.

. Resistence to water damage

18

no

hot lime and
soda ash

mechanical

3to5s

yes

yes

19

no

sodium zeolite

direct contact

3 to 1O
(100% of main
under paved
streei area)

varies

some, and no

some

20

no

demineralizer

direct contact

yes

yes

21 22
yes, 3" weeper
pipe
Cochrane hot HoNa blend
process, conti- system

nius softener
using caustic
soda and sodium

alumina
Cochrane direct cold degasifier
contact and 5 psig
direct contact
deaerator
2 min.
18 max.
66 100, design
yes to some
degree
yes to some
degree

hot lime
softener

direct
econtact

crban=n/a;
£.5 average
in suburban
area

1imited
anount

limited

2k

yes, inside the
concrete culvert

demineralization

direct contact
at 217F, plus
hydrazine and
neutralization
by ammonia

mostly less

1.6 ft, some-
times one ft,
generally not
more than'3.3 ft

max entering
velocities:
550=28" piping;
260=8" piping;
72=13" piping;
steam pressure
drop 0,0133
psi/ft

yes

yes, except when
river conduit
breaks and the
water floods
the area

25

yes

5 to 16

90 to 130

the ground
water is
collected in
a reserve
tank

yes

EXHIBIT IT
page 25

26

softening

1.9 to 7.5

yes

Ge 23ud
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B.

Identification Number
. Resistance to mechanical or
structural damage
. Resistance to ccrrosion

Resistance to other causes
of deterioration

. Simplicity of imstallation

. Ease in repair

25. Quality control criterie
. Testing of prefabricated pipinz
component at the factory

. Testing of both system componeits

and the complete system at the
site

Operational Conditiors

1. Average annual temperature of tre
heating medium (F)
. Supply line

2. Condition of other adjoining

utility systems
. Cold water piping

. Sewer system

18

yes

yes

LoG

not known

not known

9 20 21
yes yes yes
yes no yes
yes
ves
no no
yes ves yes
216 tc 225=LPS
366HPS 240 an3d 37¢
Veries excellent
veries excellent

22 23

yes cracks .r. ccne-
rete envelore

ellow water access

yes

salt spreed for
winter smow has
<aused extensive

sorrosion in
Lest 1€ years

as any other
burried con-
crzte

yes

difficult to

pinpoint leak

no.

x-raying 811 pressue test-
welds plus ing
hydrostatic

test of piping

as per applica-

ble ASME end

local Gevern-

ment codes

390 330 to 150

in service feor
number of years
and subject to
frest actlon

good.

EXHIBIT II

2y 25
yes yes
yes yes

painted to prevent
corrosion, all
welds are x-ray
inspected

yes, by means yes
of careful
attention

repair is no yes
problem, loca-

lization of

the leak is

difficult

yes pressure test and
corrosion test

hydro test yes
for ateam= !

435 psig and

x-ray, for

condensate

218 psig

354=supply line
140=returr line

356=supply line
14O=return line

exists

none

page 25

26

none
yes
none

yes

difficult

yes

yes

338=supply line
185=return line

92 a¥sd
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Identification Number 18

. Electrical system not known
. Storm drainage system good
Type of soil where the netwcrk

is installed

. Clay yes

. Sand yes

. Others

Soil corrosiveness
Corrosive {resistivity less
than 10,000 chm-cm)

Mildly (10,000 to 3C+,000
ohms-cm)

Noncorrosive (over 30,000
ohms-cm)

no problem

Presence of stray direct not known

currents

Scil sulfate content nile

Soil sultide content

Soil pH

19
good

varies

yes

not. known

20 21 22
excellent

good
yes yes
yes yes

unknown

yes
yes unknown

due to system being
in urban area where
other utilities
periodically main-
taining their faci-
lities using various
foreignbackfill it
was not felt soil
conditions would
remain constant.
For this reason no
testing has been
performed

unknown

23 2h 25
good exists
' exists
silt beds

the soil used
for the cons-
truction of the
sewer system

loam layer

yes yes
. -prbﬁably

very little _'ygs, in certain none
areas close to

subway and railroad

unknown none
unknown none
over 7 not known

EXHIBIT II
page 27

26

yes

5,000 to

19,000 ohms-

none

cm

Lz a%ed
II 11803



Identification Numper 18 19

9. Site water tubtle (the water is
above the bottom of the pipinz
system: .

. Severe (frequency)

. Bad (occasicmally)

. Moderate (never, but surface ’ yes yes
water remairs for short periods
in the soil surrounding the
system)

. Mild (never.

10. Type of control of the pipe internal
condition during operation pipe water
. External and internal treatment none
corrosion menitoring used
. Water flbod'.ng in the none automatic
piping system pumps at
low elevatior:
. Piping leakage detection visual
. Pressure in the ccnduit no
11. How long is the system out o never downtown no=
service durinz the year? energized 5%
. summer mcntihs
12. Possibility of periodic contact nile yes

of the extermal unprotected
piping surface with ground water
(cyclic wetting and drying of
the insulazicn)

13. Frequency of preventive maintenance
. Hydro test (pressure) never no

. Thermal test (temperature) no

never

yes

a0

yes

no

no

never

occasionally

21

never

EXHIBIT II

page 28
22 23 24 25 26
depends on
the site
when it ig flooded
by the river,
few miles
- yes waiermain
brzaks and
spcirg flooding
yes yes yes
none yes
dadly patrol ’ yes
visual in deily gatrol yes yes yes
manholes ’
yes
operates all 2} morths from never, but some
year romnd June: 10, to sections for
Sept. 1 for 8 to 12 hrs. never never
armual
overagul
unlikely. ’ yes, located none no 'S o
but possible close the river ® E
flooded area w
nH
oH
-
o
no no once a week
no no once a week



corrosion

EXHIBIT II
page 29
Identification Number 18 19 20 21 22 23 24 25 26
. Manholes annual yearly visual inspection daily to n/a once &
iispection of manhole piping weekly, inspec- week
and. cleaning every 6 months tion during
in-service
. Expansion devices _yearly annual same as above as replacement twice per once a
all expansion of the bellows month week
Joints located Joints between
in manholes 10 to 20 years;
packing slip
Jjoints every
four years
. Joints annial inspec- yearly adjusted as twice per once a
tion of slip required; month week R
typz joints repacked
every 3 yrs.
. Valves once a year repacking after leaks yearly annual in steam lines,cast annual maintenance twice per once a
: start, some valves steel 300 1lbs welded every b years manth . week
packed each year ends,gate type;valves
' located in manholes
14, MBeat losies unknown uwrknown 15% estimated Total loss 14§ 5 to 10%
. Transmission piping .5#/sq.£t/ as follows: from the
seasan 1l.condensate heat sold
loss=8.%
2.steam heat
. Distribution piping uniknown loss=2.% 3to5%
3.condensate from the
heat loss= heat. sold
3%
15, Water makeup requirement in 100% 100% 30% 100% 95% 25% 308
percent from the network water
or steam flow rate
. Network Failure Analysis
1. Piping failure rate for diff=rent
pipe sizes (breaks of the pipe per
mile per year)
. Actual pipe breaks none none none none there were no pipe average two 11 leaks in none
breaks, only leaks to three/year Y4 years;
to which the follo- 0.112/mile,yr
wing comments refer
. Damage caused by thermal and none none none none none
hydro tests
. 2. Major failure elements (s) expansion bad welds, exter- threaded joints,
: Joints nal corrosion external

62 o%ed
II LIGIHX3



Identification Numier

3. Method of failure detection

4, Location of pije failure
. Supply lire. .
a) straight pipe

b) joints

~

c) expansion devices

d) manholes
e) valve

f

~—

pipe anchors ané supports

g) others

5. Cause of pipe failure
. External electrochemical
corrosion

. Internal electrochemical
corrosion

18 19
visual spot
excavation
yes
yes
yes yes
yes
threads on
condensaie

drain piping

yes

20

none

yes

yes

yes

yes

yes

21 22

stean escaping from

manhcles after travel-
ling along the bsuried

" pipe to the outside;
lccating the l=ak by
trial excavations

no

yes
through Dackings
or corroded bocy

yes

at branch
connactions

yes

23

leaking
steam ‘(hot
ranholes)

external
corrosion,
eggravated
ty road salt

threaded
flanges and
couplings

fillanged
>oints-bolt
corrosion

flanges

corrosion
of braces
end anchors

yes

2l 25

detection of leaks
by observation of
steam whiclh penetra-
ted to the manholes;
sometimes settling
of the wet soil

yes, on the
return line

sometimes, but
always 1n
manholes

yes, many accidents
before applying
preventive main-
tenance program

yes, leakages and
valve seat
problems

very rare corrosion
at the anchors, where
stray currents exist

condensate line,
specially where there
are stray currents;
supply line=stress
corrcsion at the
expansion joints(bellows)
sometimes

at the high points

when air venting is

not provided

EXHIBIT II
page 10

26

on the supply

and return
lines

on the supply

and return
lines

0f a%ed
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Identification Number

. Bacteriological corrosion
. Brosion

. Insulation failure

Failure of co-located utility
system

. Failure of the culvert

. Mechanical or structural damage

under earth loads, vehicle loads,

thermal stresses, etc.

. Others

Craracter of corrosion’
. ‘Uniform

. Pitting
Small spots
Ccrrosicn spot location
. Bottom side of the pipe

. ‘Top side

Wall thickness when the pipe
ruptured

Cenditicn of the coating,
wrapping or insulating envelcpe

18 19

yes

varies, no
set pattern

20

no

no

floods

yes

yes

no ruptures,’
leaks only

good

21

22
no
no

no

no

no

faulty welds
at time of
construction

no
yes

no

yes

no

no rupture of

pipe expe-
rienced

destroyed

yes

mainly bottom
of pipe

in thousands
of en inch

blown clear

2k 25

not very often, except
for piping systems
with Gilsulate insu-
lation

not very often, except
of pipe breaks under
bummering condition

failure of
Jeint
‘ velding
no
yes
external corrosion,
variable
external corrosion,
variable
no rupture only
sometimes small
holes
good

EXHIBIT 1T
page 31

26

yes, thermal
stresses

good

1€ =%sd
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Identification Number

10,

11.

12

13

1h

15

16.

Dependence of the failure rate
on the piping system age

Existence of an air gap between
the insulation end tke culvert
or goil during the service life
of the pipe

External corrosion rate per yeer
(in. per year)

Average length cf the piping .
section replaced after failure «ft)

Average repair time per one failure
(depending on pipe size)
. Urban area

Average cost of the repair per
failure per pipe size
. Urban area

Maintenance ccst per mile pe}~year
. Urban area

19

none, age
varies

yes

not known

varies

2 to 3 days
ori mains as
a result of
excavation
ard location
time require-
ment

varies

not availeble

none

none

6 hours

$1,800

21

22 23

132L-1961=very
li-tle trouble;
1351 to date

ex2€£s salt in-
dazed corrosion

could not bz
assessed in
cur gystem
waick s 14
years old

no gap desizned,
nor constru:ted

not known
25 frem a few feet
to 120 feet
5 days to 2 to 7 days in
locate leak seburban area
in underground
pipe

$7,000 in 1¢73

24

no correiation
with age on the
frequency of
the pipe deter-
loration

yes

nc, except at
scme locations

100

the service
interruption is
always less than
12 hrs; none, if
it only affects
the condensate
line, whose fail-
ure rate however
is very frequent

$7,100

the cost is
independent
of pipe size

close to one
percent per
year of the
cumulative
investment

EXHIBIT II
page 3£

25 26

none

no data

no failure
yet

none

approximately
$29,200

2t oBed
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APPENDIX I

Proposed District Heating Pipeline
Location, Jackson Street
St. Paul, Minnesota



Kellogg and Jackson - looking South
(Post Office on Left, State Building on Right)

APPENDIX I

Page 1

Kellggg.and Jackson - looking North
(Federal Building on Left, Parking Lot on Right)
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Sixth and Jackson - looking South
(Note Parking Lot, Tavern and B.N. Office
on East Side of Street)

Jackson Street looking North to Sixth
(Note New Apartments on East Side)
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Jackson Street looking South to Fifth

i E |

Jackson Street and Sixth looking South



Jackson and Sixth looking North

Jackson. and Seventh looking South
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1
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Jackson Street and Seventh looking North
(Note Parking Lot on East Side)

Jackson Street and Seventh looking Northeast
toward Parking Lot
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Construction Site on Fifth between Jackson and Robert
(Note Soil Conditions)
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13
Third Street Station looking Southwest to
High Bridge Station
(Note High Voltage Line Row)
14.

AR I N Ty

Kellogg at Cedar looking West
toward Third Street Station
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Kellogg and Cedar looking East
(Note Post Office on Jackson - right center)





