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INTRODUCTION

An investigation was conducted by the Naval Facilities Engineering Service Center
(NFESC) to determine current and emerging technology for cost-effective, durable materials for
condensate return lines associated with district piping systems for central steam distribution on
Navy shore facilities. The distributed steam may be used for building heating, cooking, ships
supply, and other direct-use processes. This investigation sought to identify specific technology
to improve the reliability and maintainability of the condensate return lines.

Upon giving up its latent heat content, steam condenses to water and the condensate is
available for return to the boiler via the condensate return piping. At many Navy activities,
condensate is not returned to the boiler because it is either nonrecoverable process steam or
because returning the condensate would be a cost penalty. An example of the latter is when strict
clean steam requirements for ship use at port dictate discarding condensate from other terminal
units that do not meet condensate quality standards. Where condensate return is viable,
contamination and loss of the condensate are the engineering issues to which this investigation
sought solutions.

The investigation included literature searches for technology associated with all types of
piping materials including piping materials and piping processes not generally associated with
steam condensate return. Personal contacts were made with individuals ranging from operators
to piping manufacturers. Comments from members of the Department of Defense (DOD)
Committee on Heat and Cooling Exterior Distribution Systems had a strong influence on the
findings.

In the absence of new technology applicable to improving the durability of condensate
return line piping and based on recommendations to transition away from central steam heating,
this investigation was expanded to briefly review the issue associated with retrofitting steam to
hydronic heating (and cooling) systems.

BACKGROUND

The Navy is actively looking to reduce operating costs at shore facilities to meet
diminishing operating budgets. A part of the cost reduction is mandated by the Energy Policy -
Act of 1992 dealing with the conservation and efficient use of energy. In the Act, Section 152
addresses the Federal Energy Management Program (FEMP) and requires, by the year 2005,
installation of all energy and water conservation measures with payback periods of 10 years in
Federal buildings to the maximum extent practicable (Ref 1). Conservation of boiler water
through effective condensate return can contribute to meeting this energy objective.

Steam heating systems are divided and classified as low pressure or high pressure. The
low pressure steam system is one with a boiler operating pressure less than 15 psig. High
pressure steam is defined as any system with pressures above 15 psig.

A steam distribution piping system can be either a single pipe design or a two pipe design.
The single pipe system, as the name implies, has one pipe that carries both supply steam and




return condensate between the boiler and the load. The counter flow within the pipe is
accommodated by sloping the pipe to provide gravity return of the condensate to the boiler. The
simplicity of the design lends itself to application in small buildings. However, for district
heating (single boiler plant with multiple outlying buildings) a two pipe steam heating system is
required. :

The two pipe steam heating system has a supply pipe to deliver the steam and a return pipe
to carry condensate back to the boiler from each terminal unit. The return piping in the two pipe
design can be either gravity return or pumped return. As mentioned before, in those cases where
condensate is not available or not economical for return, the return pipe is typically omitted and
condensate is dumped to the sewer.

The are several acceptable practices for installation of district heat piping. System piping
~ can be installed in tunnels, in shallow concrete trenches, in deep buried trenches, in direct buried
trenches, or aboveground. Obviously, aboveground installation may not be pretty to look at, but
it serves the purpose of reducing installation and maintenance costs. Installation guidelines are
available from several sources, including Military Handbooks, Naval Facility Engineering
Command Guide Specifications, and commercially, from sources such as the American Society
of Heating, Refrigeration, and Air-Conditioning Engineers (ASHRAE).

In order to preserve the insulation used on the steam carrier pipe and the condensate carrier
pipe, the insulated carrier pipe is protected inside a conduit pipe. In some cases, the conduit
houses a single carrier pipe while in other cases, two carrier pipes can be protected in a single
conduit. The ASHRAE Systems and Equipment Handbook is suggested as a reference on
possible arrangement for conduit systems (Ref 2).

FINDINGS

The investigation process surveyed and reviewed of a variety of information sources to
determine current and emerging technology for cost-effective, durable materials for condensate
return lines. The sources of information included:

1. Participants and documentation from recent DOD condensate return line projects.

2. Personnel involved with district heating and condensate return projects including
Public Works Centers (PWC) and Engineering Field Divisions (EFD) utilities personnel at
selected Navy bases.

3. Personnel in RDT&E groups at companies identified as having possible technological
advances.

4. Sales literature.

5. Technical publications (a listing of titles reviewed during the literature search is
included in Appendix A).




No site survey or testing was performed in conjunction with this investigation. Utility
personnel and underground district heating engineers were relied on for their field experience.
This investigation focused primarily on replacement piping and piping repair techniques as a
means to extend service life thereby reducing condensate loss, and to reduce maintenance
requirements thereby minimizing condensate contamination. For screening durable materials for
condensate return piping, a 250°F live steam exposure condition was used in this investigation as
a minimum criteria.

~ Site Classification

For purposes of underground installation, restrictions on conduit system type are classified
by the underground water conditions at the project site. Classes A, B, C, or D correspond to
underground water conditions ranging from severe to mild, respectively, as described in Table 1.

The site conditions described in Table 1 for underground distribution systems have a
significant effect on the function and efficiency of the distribution piping. Class A and Class B
site conditions deserve special attention because of the possibility of conductive heat losses and
piping system damage caused by wet insulation. Severe site conditions may necessitate
aboveground installation. Though aboveground installations are not uncommon, they are not
favored because aboveground distribution piping is unsightly.

Table 1
Site Classification
Site Classification Water Table Surface Water
Class A Frequently above the bottom of the |Expected to accumulate or remain in
(Severe) system. the surrounding soil for long periods.
Class B Occasionally above the bottom of  |Expected to accumulate or remain in
(Bad) the system. ' the surrounding soil for short periods.
Class C Never above the bottom of the Expected to accumulate or remain in
(Moderate) system. the surrounding soil for short periods.
Class D Never above the bottom of the Not expected to accumulate or
(Mild) system. remain in the surrounding soil.
DOD Approved Vendors

The Naval Facilities Engineering Command Guide Specification (NFGS) 02694F on the
Exterior Underground Heat Distribution System (Ref 3) covers requirements for contractor
designing and providing exterior buried factory-prefabricated preinsulated steam piping and
condensate piping for Class A and Class B ground water conditions. Installation of new or




modification to existing steam distribution piping at Class A or Class B sites is restricted to those
piping systems for which a Federal Agency Approved Brochure has been issued. Military
Handbook MIL-HDBK-1003/8A on Exterior Distribution of Steam, High Temperature Water,
Chilled Water, Natural Gas, and Compressed Air (Ref 4) lists the ten system suppliers issued
Federal Agency Letters of Acceptability required in NFGS-02694F.

This strict limitation is necessary to ensure uniformity in performance. Oversight and
control of the approved system suppliers fall within the charter of the DOD Committee on
Heating and Cooling Exterior Distribution Systems. The charter goal is "to assure that reliable
heating and cooling exterior distribution systems are available for use by the participating
agencies," of which the Navy is a primary member. It is also part of the Committee charter "to
assure that these systems can achieve a sufficiently long life to make them economically feasible
when using Government design, construction, operation and procurement criteria and
constraints." The stated method to accomplish these goals is "to improve products that are
currently available in the short term, and to partner with other professional groups to develop a
national and/or industry standard in the long term" (Ref 5).

This interagency Committee was a primary source of information and was well
acquainted with the issues associated with condensate return and related new technology. A
review of the prioritized list generated by the Committee on technology topics related to
underground distribution systems (Appendix B) does not show a definitive need for development
in the area of condensate piping. In fact, conversations with Committee members suggest that
central steam distribution is not a favored process (Ref 6). Other Navy sources confirmed this
with the recommendation for conversion of central steam to high temperature hot water (HTHW)
heating systems on a replacement basis. Such is the plan for the Norfolk Navy Shipyard in the
conversion scheduled for the year 2005 (Ref 7).

Current Practice

The temperature and pressure rating for the condensate return piping varies by design for
low pressure and high pressure steam heating systems. It is difficult to identify a maximum
exposure temperature for condensate piping that is applicable in all systems. An obvious upper
limit for low pressure steam systems is the saturated steam condition (15 psig at 250°F) that can
result in the event of steam trap failure. This is the reason 250°F was chosen for screening the
candidates for durable condensate piping. A lower temperature rating will apply to low pressure
systems wherein steam trap discharge does not vent directly into the condensate pipe. These
systems, designed with condensate wells, may suffer some loss of efficiency due to lost enthalpy
but the condensate return condition is at a lower temperature (less than 212°F).

The condensate return temperature for high pressure steam systems is typically higher
than the condensate returned from a low pressure steam system. Selection of a maximum
exposure temperature for high pressure steam condensate piping would need to be based on the
specific system design.

In all systems, piping, fittings, and accessories are typically specified as conforming to
American National Standards Institute (ANSI) Standard B31.1 on Power Piping (Ref 8). MIL-
HDBK-1003/8A further stipulates that underground prefabricated or pre-enginecred systems
must conform to NFGS-02694F on the Exterior Underground Heat Distribution System which
includes the requirement for pre-approved system vendors.




Piping wall thickness for the steam carrier pipe is usually American Society for Testing
and Materials (ASTM) A 106 Schedule 40 (Ref 9) for steel pipe sizes through 10 inches, and
minimum pipe wall thickness of 0.375 inch for pipe sizes 12 inches and larger. Where steel
piping is used for condensate returns, NFGS-02694F requires Schedule 80 steel piping. The
Schedule 80 piping is more appropriate because the extra wall thickness over Schedule 40 steel
pipe provides a margin against corrosion, increasing the service life of the piping (Ref 10).

Unpublished data from a 1991 survey conducted by the Naval Civil Engineering
Laboratory (now the Naval Facilities Engineering Service Center) on Navy shore facility boilers
contained some information pertaining to distribution piping and condensate return. Table 2
shows a comparison of six Marine Corps bases selected from the survey data. These sites do not
have requirements for clean steam for ships at port. The intent of this table is to show general
steam usage and the amount of condensate returned for cases where returning the condensate is
viable.

Table 2
Selected Survey Samples for Condensate Return Systems
Distribution Steam f Condensate
Location Piping Usage : Returned

MCRD Beaufort  |95% Above 80% Heating |25-45% @ 150-190°F
Charleston, SC 5% Shallow Trench [20% Process
MC Combat 31% Above 70% Heating |35% @ 180°F
Development 15% Direct Buried 10% Process
Command 44% Shallow Trench {20% Losses
Stafford, VA 10% Tunnel
MCAS N/A 80% Heating 20-55% @ 100-180°F
Kaneohe Bay, HI 20% Losses
MC Camp 5% Above N/A 90% @ 280 - 300 °F
Pendleton 5% Shallow Trench
Camp Pendleton, {90% Tunnel
CA ‘
MC Camp Lejeune |77% Above 70% Heating |28 - 72% @ 180°F
Camp Lejeune, NC |23% Direct Buried  {15% Process

15% Losses
MCLB 100% Tunnel 20% Heating |15% @ 220°F
Albany, GA 80% Process

The first observation that can be made from Table 2 is that a large portion of the
distribution piping is installed aboveground or in tunnels. This would imply that direct access to
the piping was possible for inspection, maintenance, and repair. Again, the focus of this
investigation was to identify ways to minimize condensate loss and contamination. Yet, as in the
cases of MCRD Beaufort, MC Combat Development Command, and MCAS Kaneohe where the
majority of steam usage is for heating (a recoverable steam process), less than half of the steam




supplied for heating was reported as returned condensate. It is implied from the survey data that
the low percentage of condensate return was due to inadequate condensate return piping. No
information was available on whether or not the returned condensate was contaminated. It is
assumed that the returned condensate was suitable for reuse.

The second observation made from Table 2 data is the large temperature range of the
returned condensate for all systems, from a low of 100°F to the high of 300°F. As will be
discussed in the following section, the ability to carry high temperature condensate is beyond the
design of composite piping material. Steel piping is the only material identified in this
investigation able to carry high temperature condensate.

Plastic Piping

Military Specification MIL-P-28584B: Pipe and Pipe Fittings, Glass Fiber Reinforced
Plastic, Adhesive Bonded Joint Type, for Condensate Return Lines (Ref 11) covers plastic pipe
and fittings made from epoxy resin and glass fiber reinforcements, together with epoxy adhesive
necessary for joint assembly. The specification covers condensate return service up to 125-psi
operating pressure at 250°F. Additional protection is provided in the fiber reinforced plastic
(FRP) pipe design from a bore liner made of a smooth epoxy resin that protects the glass fiber
reinforcement.

The primary reason for FRP pipe application in condensate return piping is to mitigate
corrosion and the resultant condensate contamination. As will be discussed in the next section
on boiler water treatment, condensate piping corrosion is a cause for concern and usually caused
by high level of dissolved CO7 or by the presence of oxygen. For this reason, FRP piping is a

desirable alternative over steel piping.
It is reported that FRP piping has a lower installation cost over heavy wall carbon steel

(Ref 12). FRP piping can be assembled without welding or heavy lifting equipment during
installation and afterward during maintenance. The advertised benefits of fiberglass piping

systems are:
e Economical installation
¢ Economical operation
e Long piping system lifetime

Despite these benefits and the MIL-P-28584B requirement for product acceptance cyclic
temperature testing to 300°F using hot water, FRP pipe has a history of failure. The cause of this
failure is reported as live steam exposure from failed open steam traps (Refs 13, 14). Evidence
of this type of failure suggests improper installation. MIL-HDBK-1003/8A encourages the use
of plastic condensate piping for underground installations but warns that steam traps shall not
discharge into plastic condensate piping because live steam cannot be tolerated. Instead, steam
trap condensate should run to a flash tank or well where it can be pumped back to the boiler with
no harm to the plastic piping. The disadvantage to this method is the potential loss of enthalpy at




the condensate well. In addition, if the condensate is not gravity returned but must be pumped
back to the boiler, the energy penalty to pump the condensate must be considered.

It has been suggested in the literature that FRP pipe failure is not strictly due to thermal
stress and that limited cyclic exposure to steam does not cause failure. The failure mechanism is
reported to be a combination of the thermal stress from steam exposure coupled with the
occurrence of a severe water hammer concurrent with the discharge of flash steam (Ref 12). In
any case, following MIL-HDBK-1003/8A recommendations for proper FRP pipe installation
eliminates this failure mechanism.

Boiler Water Treatment

The Department of the Army, in Technical Note No. 86-3 on the Use of
Diethylaminoethanol, Morpholine, and Cyclohexylamine for Condensate Return Line Corrosion
Prevention (Ref 15) provides a discussion on the causes and treatment of condensate corrosion.
The Army reports that "corrosion of return line systems is more common in installations having
extensive return systems, such as central energy plants." This may be because the maintenance
of distribution system piping is usually left to the pipe fitters or is otherwise orphaned because of
diminished maintenance budgets. Boiler operators within the Navy tend to disown, in terms of
maintenance, those parts of the system that are beyond 5 feet away from the boiler building (Ref
16). The Army has identified three factors as cause for condensate piping corrosion (Ref 15).
They are:

e The presence of carbon dioxide originating from boiler makeup water alkalinity.

e The presence of oxygen entering through leaky traps, pumps, valves, and fittings or
with boiler feedwater that is not deaerated and treated with sodium sulfite.

e Potable water contamination through leaks of mineralized water generally at hot
water heater tubes.

Proper boiler water chemical treatment and maintenance of the distribution system to
prevent leaks and contamination is a successful plan of action to ensure system longevity. The
recommended pH limit for condensate in all return systems is 7.5 to 8.0. Corrosion rates
increase rapidly as the pH falls below 7.5 (Ref 15). Condensate return line corrosion prevention
is an important aspect of boiler water chemistry and, if not rigorously adhered to, can lead to
boiler damage.

Economics

MIL-HDBK-1003/8A recommends using ASHRAE guidelines for determining the
economics of returning condensate, but it reports that condensate return is preferred if it costs
less than using and treating raw water for makeup (Ref 4). The factors listed in favor of
condensate return are:




e High area concentration of steam usage
e Restriction on condensate disposal

e High raw water treatment costs

e Water treatment space unavailable

e High cost of raw water

e High cost of fuel for feedwater heating

Missing from this factor list is the conservation of energy and the conservation of water per the
Energy Policy Act of 1992. Projects with payback periods of 10 years or less are to be
considered under the FEMP.

Not returning the condensate may be more expensive when the cost of the energy in the
form of sensible heat and the cost of boiler makeup rates with water treatment are considered.
As an example, looking at just the heat loss at one boiler plant at MCRD Beaufort,
approximately 44,600 gallons of condensate water was lost in 1990 (excluding process steam
unrecoverable condensate). At the condensate return condition of 345°F at 125-psi pressure, this
water loss represents an energy loss of 105 MBtu, or about 20 percent of the steam energy
delivered from that boiler plant. This result is significant but would have to be compared to the
installation and maintenance costs of condensate line piping in order to determine the cost
effectiveness of maximizing returned condensate.

Replacement Pipe Options

The review of commercial literature as well as discussions with select manufacturers of
specialty piping did not identify any new materials for condensate piping. Use of stainless steel
piping for condensate return could eliminate the corrosion problem but not at an affordable price.
For most other specialty piping material such as polyethylene and polyethylene lined pipe, the
limiting factor is a 200°F temperature exposure. If we consider live steam exposure from steam
traps, this material has no advantage over FRP. Even polytetrafluoroethylene (PTFE) lined
piping is not a workable solution despite PTFE's upper temperature limit of 450°F. Steam
permeates through the PTFE liner and causes the liner to delaminate and collapse (Ref 17). This
sort of lined piping is comparable in cost to stainless steel piping and offers no real advantage
even when isolating the steam trap from the condensate return line through the use of hot wells.

Repair Options

Coatings. The literature review resulted in the identification of two coating
developments that, upon further research, proved unsuitable to a condensate return piping
system. The first coating development was a phenolic coating that is projected to provide a 10
percent improvement in service life. The Army, at their Civil Engineering Research Laboratory




(CERL), has successfully taken a phenolic coating developed by Heresite Protective Coatings of
Manitiowoc, Wisconsin, and applied it to short sections of steam condensate return line within
the boiler room (Ref 18). Although evaluation is at the second year of a 10-year trial, the coating
has demonstrated a reduction in corrosion. A similar success has been achieved using this
coating on domestic hot water heat exchangers to improve coil efficiency through reduction of
corrosion and scale. The single drawback to this process is the method of application, requiring
an oven bake to cure. This application process is not practical for long pipe sections, and it is
certainly not feasible for field restoration of condensate return line piping.

The other coating development is an epoxy lining from the Naval Research Laboratory
(NRL) primarily for restoration of shipboard piping for uses such as potable water. Unlike the
phenolic coating, this epoxy coating can be applied in the field (Ref 19) to steel and copper
piping. The single disadvantage of this coating is its temperature limitation of hot distilled water
at 200°F. For low temperature condensate piping systems isolated from accidental steam
exposure, this coating process may be advantageous as a means of reducing corrosion. Because
steel is anodic, any defects in the coating would lead to localized corrosion pitting, but this
would be no more severe than if the pipe were untreated (Ref 20).

Sliplining. The literature review also reported several variations of trenchless pipeline
rehabilitation techniques using plastic materials. Under the Construction Productivity
Advancement Research (CPAR) program, the U.S. Army Corps of Engineers participated in a
state-of-the-art review on trenchless pipeline rehabilitation (Ref 21). The advantages and
disadvantages of several methods were discussed. Each method involved some variation of the
process, however, for this investigation, the various methods were grouped under the common
terminology “sliplining.”

The sliplining method involves insertion of a new pipe of smaller diameter into the
existing pipe where the annulus between the old and new pipe is usually grouted. The process is
economical over new pipe replacement for underground systems because there is only a minimal
requirement to dig trenches. Access to the pipeline requiring sliplining can be at discrete
locations so as not to disrupt the landscape and normal surface activities. Though trenchless
techniques are typically applied to sewer repairs, other utilities such as water, natural gas,
electricity, and telecommunications have benefited from the techniques (Ref 22).

The practice of sliplining has been applied to a variety of pipe sizes and piping media,
however there is no reported use for condensate return piping. The primary reason for not using
this pipe rehabilitation technique is a temperature limitation. The pipe lining material used in
this technique can be one of several unreinforced polymers, generally polyvinylchloride (PVC)
or polyethylene (PE). Neither material is suitable for live steam exposure and would rate no
better than the epoxy coating technique previously described. Further, there is a significant
difference in thermal expansions of this pipe compared to steel pipe. As an example for
equivalent diameter pipes, for one mile of PE pipe inserted at 25°F with an operating temperature
of 100°F, the steel pipe expands 2.5 feet and the PE pipe expands 43.5 feet. For this reason,
reinforced thermosetting resins which have a thermal expansion coefficient closer to that of steel
have been suggested over unreinforced polymer liner materials (Ref 23).




Conversion to Hydronic Heating Systems

When looking at a central plant required to support clean steam requirements for ships at
port, a common reason for not returning condensate back to the boiler is because the condensate
is contaminated, either from leaks into the steam system or from corrosion products from poor
condition condensate return line piping. In both cases, an attentive maintenance program can
minimize these effects. However, given past maintenance trends, an alternative approach seems
reasonable.

Converting portions of the boiler plant load from steam to hydronic heating can reduce
central plant steam requirements to process steam and clean steam for ships. Other general
heating users can be supplied hot water to meet their needs. The steam to water heat exchanger
would be located at the central boiler plant to provide convenient maintenance and to reduce the
lengths of condensate return lines. A closed circuit low temperature hot water (LTHW) or a high
temperature hot water (HTHW) district heating system would serve the needs of the heating
users while maximizing condensate return to the boiler.

Many European communities employ LTHW and HTHW district heating with great
success. Advantages of these completely closed circuit systems include minimal corrosion and
less restrictions on distribution piping layout and elevations. It would seem that the elimination
of the failure potential of numerous steam traps (and trap maintenance) is all that the owner of a
district steam heating system needs to hear to support a hydronic system.

Though this investigation did not have the opportunity to examine actual conversion of
district steam to hydronic heating, the literature reports very encouraging results for conversions
of low pressure steam heating systems on older multi-family (five-plus units) and small
commercial buildings. In one report, "energy savings ranged from 13 to 39 percent of weather-
normalized total gas use, with a median of 27 percent" and a "payback of about nine years"
(Ref24). The authors point out that the conversion of two pipe steam systems was easier
because the existing distribution piping could be used. .

It is reasonable, based on popular European usage and the ability to convert steam
systems to hydronic systems, to consider hydronic systems for Navy facilities. The use of
hydronic district heating would be particularly applicable if boiler replacement or district
expansion were in the planning. In both cases, the conversion cost may be absorbed into the
overall cost. If similar energy savings and payback periods can be realized, the additional
maintenance savings in manpower and fiscal resources would further justify the expenditure.

"CONCLUSIONS

Specifically, the search for a durable material to replace existing materials used for
condensate return piping was unsuccessful. Improvements to the reliability and maintainability
of condensate return lines can be accomplished through stricter adherence to existing installation
specifications and operating procedures. The following conclusions have been drawn as a result

of this investigation:

1. The decision to return condensate to the boiler is largely an economic one. For this
reason, the expense of stainless steel piping is not justifiable even though it is available and it

10




]

provides good corrosion protection. Along with the many site factors, the economic decision
needs to consider national energy efficiency goals and conservation of environmental resources.
In all cases where condensate return is economical, boiler water treatment should be the first
practice for mitigating corrosion effects. Given clean steam requirements at facilities with Navy
ships in port, the treatment of contaminated condensate (condensate not meeting clean boiler
water requirements) may not be economical and so justify disposal of the condensate.

2. FRP is an acceptable piping material for low pressure steam systems when installed
according to guidance provided in Military Specification MIL-P-28584B - Pipe and Pipe
Fittings, Glass Fiber Reinforced Plastic, Adhesive Bonded Joint Type, for Condensate Return
Lines (Ref 11) and in MIL-HDBK-1003/8A - Exterior Distribution of Steam, High Temperature
Water, Chilled Water, Natural Gas, and Compressed Air (Ref 4). The use of FRP piping has
fallen out of favor as a low cost substitute for steel piping in condensate return systems because
of piping failures. FRP piping must not be directly connected to steam traps. Given that there is
not a current DOD approved vendor for FRP piping systems, the development of more specific
guidance, as in the form of an NFGS, is unnecessary.

3. The current process for using DOD approved system suppliers for conduit and piping
products, albeit primarily for Class A and B installations sites, is an effective method to ensure
installed systems meet all government requirements for system installation, operation, and
maintenance. The DOD Committee on Heating and Cooling Exterior Distribution Systems is
successfully working toward improved piping systems, including condensate return piping, and
is accomplishing this through participation by the Army, Navy, and Air Force as well as industry
representatives.

4. The use of schedule 80 steel piping for condensate return lines remains the best
choice, in terms of availability and cost, over the materials considered in this investigation. The
other piping materials considered were FRP, polymer lined steel, and stainless steel. The
susceptibility of steel piping to corrosion is effectively mitigated by an aggressive boiler water
treatment program. Unlike plastic piping or plastic lined piping, steel piping is appropriate for
direct connection to steam traps, and when properly sized is not limited by temperature or
pressure exposures.

s 5. The in-situ pipeline repair techniques of epoxy coating and sliplining are not suited to
all condensate return lines repairs. For low temperature condensate piping systems isolated from
accidental steam exposure, both processes may be advantageous and the decision to repair must
be an economic one. These repair processes would not be applicable for high temperature steam
piping systems with condensate temperatures over 200°F, or on any system with the possibility
of live steam exposure. If condensate temperature was effectively controlled through use of a hot
well, then the epoxy coating technique would be more advantageous than sliplining because the
flow capacity of the pipe is not reduced by the liner.

6. Conversion of steam heating loads to hot water (hydronic) heating represents a viable
alternative to continued steam distribution for facilities considering boiler system replacement or
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expansion. The closed circuit hydronic system, with its long history of success in the European
community and reported energy savings over steam distribution heating, is easier to maintain
than a steam system primarily because steam traps are not used.

RECOMMENDATIONS

The following recommendations are provided based on the investigation results and
conclusions drawn:

1. Provided that returning condensate to the boiler is economical based on the factors
presented in this report, the life expectancy of the condensate piping can be extended by
aggressive boiler water treatment. The Army's Technical Note No. 86-3 on the Use of
Diethylaminoethanol, Morpholine, and Cyclohexylamine for Condensate Return Line Corrosion
Prevention (Ref 15) should be circulated to Navy boiler plant operators as a guide for proper
boiler water treatment.

2. Any Navy facility considering steam boiler system replacement or expansion should
consider converting all or part of the heating load over to a hydronic system. An economic
analysis should be performed to determine if the payback period is 10 years or less. Considering
that there is little data available on the economics of converting a distributed steam heating
system to hydronic heating, the early cases should be well documented for later analysis of
achieved energy efficiency and cost payback period.

3. The DOD Committee on Heating and Cooling Exterior Distribution Systems list of
technology issues associated with district heating systems is recommended as guidance for Navy
laboratory participation. Investigations of Committee selected technologies in concert with other
DOD services will achieve the most value for the money spent. Navy participation on this tri-
service committee will ensure that Navy needs are factored into any investigations, particularly
since the Navy has a unique requirement for clean steam for ship use at port.
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Appendix B
UNDERGROUND HEAT DISTRIBUTION SYSTEMS (UHDS)
COMMITTEE TECHNOLOGY TOPICS

This is a prioritized listing of research or development efforts resulting from the 1993
Annual Research Review Workshop on Underground Heat Distribution Systems (UHDS) held
11 August 1993 at Norfolk Naval Station in Norfolk, Virginia. In attendance were
representatives from both design and O&M from the Army, Navy, Air Force, Veterans
Administration, and the Department of Housing and Urban Development. It was agreed upon
that these efforts were currently needed in order to address the current problems associated with
underground heat distribution systems being experienced within the DOD. It was decided that
the efforts that are currently underway or programmed should be rated "1A" with all other
proposed work being ranked in numerical order. The research and/or development areas are:

1A. Survey of Drainable/Dryable UHDS

1A. Standard Life Cycle Cost Analysis Procedures for HDS

1A. Experimental Heat Loss Measurement from Wet Conduit Piping

1A. Isolation Flange Kits and Cathodic Protection

1A. Heat Loss Measurements at Ft. Jackson and Ft. Irwin

1A. O&M and Repair Costs at Ft. Jackson, Ft. Riley, and Ft. Bragg

1A. Heat Distribution Systems Database

1A. Maintenance Management System for Heat Distribution Systems

1A. Computer Aided Design and Operation of HDS

1. Analysis of UHDS Survey

2. Optimization of Standard Shallow Trench Design

3. ECIP Justification for HDS

4. Low Temperature Hot Water Piping/Systems
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10.

11.

12.

14.

15.

16.

17.

Temperature Limitations of Non-metallic UHDS Materials
Water Spread Limiting Systems on Class A Sites
Operation/Supply Contract Specifications

Waterproofing of Manholes from Water Intrusion
Materials and Design Issues of Gland Seals

Insulation Testing (K-Factor and Chloride Content)

Sump Pump Guide Specification Improvement

High Reliability Theﬁnostatic Steam Trap Investigation
Practical Leak Detection for Existing and New UHDS
Improved Inspection of New Construction and Qualification of Crait Workers
Improved Procurement and/or Detailed Guide Specification
Pressure Testing of New Systems -

Investigation of Powder Insulation




Appendix C

CONDENSATE RETURN PIPING DESIGN

The American Society of Heating, Refrigeration, and Air-Conditioning Engineers

(ASHRAE) in their 1992 Systems and Equipment Handbook (Ref 2) lists the following

. considerations for condensate return piping design:

1. Flow in the return line is two-phase, consisting of steam and condensate.

2. Pitch return lines downward in the direction of the condensate flow at 0.5 inch per 10
feet to ensure prompt condensate removal.

3. Insulate the return line well, especially where the condensate is returned to the boiler
or the condensate enthalpy is recovered.

4. Where possible and practical, use heat recovery systems to recover the condensate
enthalpy.

5. Equip dirt pockets of the drip legs and strainer blowdowns with valves to remove dirt
and scale.

6. Install steam traps close to drip legs and strainer blowdowns for inspection and repair.
Servicing is simplified by making the pipe sizes and configuration identical for a
given type and size of trap.

7. When elevating condensate to an overhead return, consider the pressure at the trap

inlet and the fact that it requires approximately 1 psi to elevate condensate 2 feet.
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Appendix D

EXAMPLE OF ENERGY LOSS CALCULATIONS

Example:

Bldg. 160 Boiler Plant (1990 Data)
MCRD Beaufort
Charleston, SC

Usage: 80 percent Heating
20 percent Process

Delivered 528.981 MBtu of steam at conditions of 345°F at 125 psi

Enthalpy of Evaporation (hfg) = 875.0 (Btw/lby,)
Enthalpy of Saturated Liquid (hf) 315.8 (Btw/lby)

Specific Volume of Saturated Liquid (vf) = 0.01793 (ft3/lbm)

Mass of saturated steam (Iby,) = Total energy delivered (Btu) / Enthalpy hfg (Btw/lby,)

528.981(106) / 875.0
604,549.7 (Ibyp)

After condensing: mg = mf

Volume of liquid (ft3) = Mass of liquid (Ib,) x Specific Volume of Liquid v¢ (ft3/Ibyy)
= 604,549.7 (Ibgy) x 0.01793 (ft3/Ibyy)
= 10,839.6 ft3 of liquid

Or,

= 81,085 gallons of condensate

For a 75 percent condensate loss, less the 20 percent of process steam that is not returnable,
55 percent of available condensate represents lost energy savings potential.

Volume of available condensate (gal) = Volume of liquid (gal) by percent available (%)
= 81,085 gallons x 0.55
44,597 gallons

Il

Or,

5961.8 ft3

D-1




Energy lost (Btu) Mass of saturated steam (lbpy,) x Enthalpy h (Btw/lbp,)

(5961.8 i3 / 0.01793 (£3/Ibgy)) x 315.8 Btw/lbyy)
105.0 MBtu
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