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Abstract: Heat distribution systems are an integral part of military facil-
ity and installation infrastructure. These systems include numerous man-
holes that represent weak points in the overall efficiency, reliability, and
service life of heating infrastructure. This report discusses the demonstra-
tion of an insulating ceramic paint and primer applied to coat manholes,
piping, and appurtenances at Fort Jackson, SC, and the results obtained.
The ceramic paint helps to prevent corrosion and heat loss while also sig-
nificantly mitigating heat-related safety hazards to workers in the treated
manhole. Because these issues are important operational concerns for
every military facility, ceramic coatings represent a beneficial facility engi-
neering technology that should be considered for wider adoption in heat
distribution systems.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Introduction

This demonstration was performed for the U.S. Army Installation Man-
agement Command (IMCOM) under U.S. Army Corrosion Prevention and
Control (CPC) Program Project IMA-2; Military Interdepartmental Pur-
chase Requests MIPR5CCERB1011 and MIPR5CROBB1012, dated 15 De-
cember 2005. The proponent was the U.S. Army Office of the Assistant
Chief of Staff for Installation Management (ACSIM). The technical moni-
tors were Paul M. Volkman (IMPW-E) and David N. Purcell (DAIM-FDF).
The stakeholders are Mr. Smith (Fort Jackson DPW), Mr. Volkman, Steve
Jackson (IM-SERO), Mr. Purcell (DAIM-FDF), as well as Tri-Services
WIPT representatives, Ms. Nancy Coleal (AFCESA/CESM) and Tom Te-
hada (NFESCX). The customer was Mr. Smith, Fort Jackson DPW.

The work was performed by the Materials and Structures Branch (CF-M)
of the Facilities Division (CF), Construction Engineering Research Labora-
tory — Engineer Research and Development Center (ERDC-CERL). The
Program Manager for the ERDC-CERL CPC Program was Dr. Ashok
Kumar. The ERDC-CERL CPC Program Project Officer was Vincent F.
Hock (CEERD-CF-M) and the Associate Project Officer was Dr. Charles P.
Marsh (CEERD-CF-M). Dr. Marsh was assisted by Alfred D. Beitelman
(CEERD-CF-M) of the Paint Technology Center at ERDC-CERL. The coat-
ings work was done under contract with Twin Cities, Inc., Columbia, SC.
At the time of coating application quality assurance was performed on site
by Mr. Beitelman. Economic analysis was performed by The PERTAN
Group, Champaign, IL. The project was facilitated by the assistance and
cooperation of Steve Smith, Fort Jackson Directorate of Public Works, and
George Dibb, Fort Jackson Department of Logistics and Engineering.

At the time this report was prepared, the Chief of the ERDC-CERL Materi-
als and Structures Branch was Vicki L. Van Blaricum (CEERD-CF-M), the
Chief of the Materials and Structures Branch was L. Michael Golish,
(CEERD-CF), and the Technical Director for Installations was Martin J.
Savoie (CEERD-CV-ZT). The Deputy Director of ERDC-CERL was Dr.
Kirankumar Topudurti and the Director was Dr. Ilker Adiguzel.

The Commander and Executive Director of ERDC was COL Richard B.
Jenkins and the Director was Dr. James R. Houston.
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Executive Summary

An innovative ceramics-based thermal barrier coating technology was im-
plemented at Fort Jackson, SC. The coating was monitored for 1 year
through periodic inspections, including assessment of coated sample
specimens exposed to the interior manhole operating environment. The
coating durability was found to be excellent, and the usually corrosive heat
distribution system (HDS) manhole environment mitigated. The return on
investment was found to be 58.

The primary lessons learned were that it is necessary to arrange for coat-
ing application during prescheduled system shutdowns (which typically
occur only during short periods in the spring and fall), and that the addi-
tion of extra approved conventional insulation can further improve the
economic benefits of the coating. The economic analysis base comparison
case assumed the pipes to be fully insulated, but it is typical for insulation
to be missing from one or more portions of HDS manhole piping.

When this coating is used, it is recommended that the existing pipes be
partially re-insulated so as to approximate the thermal properties of a
newly constructed system.
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Unit Conversion Factors

Multiply By To Obtain
degrees Fahrenheit (F-32)/1.8 degrees Celsius
feet 0.3048 meters

gallons (U.S. liquid) 3.785412 E-03 cubic meters
inches 0.0254 meters

mils 0.0254 millimeters
square feet 0.09290304 square meters
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1 Background

Many U.S. Army installations are served by district heat distribution sys-
tems (HDSs) that provide space heating and hot water to the facilities.
HDSs are large, complex networks of highly interdependent components,
and the deterioration of one component affects the performance and dete-
rioration rate of nearby or related components.

Manholes usually serve as valved take-offs to individual buildings, and
they house many critical HDS components. Carrier pipes inside manholes
are usually wrapped with insulation to prevent heat loss and to protect
service personnel from burns upon entering the manhole. Nevertheless,
during routine heat distribution service, the localized environment inside
HDS manholes is typically hot and humid, which is severely corrosive to
exposed steel. Furthermore, water tends to infiltrate the manhole from
outside or though pinhole leaks in pipes. When water collects in the man-
hole or becomes trapped within in the pipe insulation, corrosivity intensi-
fies and carrier pipes can deteriorate prematurely. As degradation of the
insulation and steel accelerate, the useful service life of pipes may decrease
from 25 years to as little as 10 or 15 years.

The corrosion of the carrier pipe in the manholes also creates problems
that propagate though other components in the same manhole and the
connecting pipes.! Protecting the carrier pipe inside manholes against cor-
rosion extends the service life of the entire HDS considerably, so it is de-
sirable to have a cost-effective coating alternative to protect the carrier
pipes against corrosion while additionally providing enough thermal insu-
lation to help protect service personnel inside the manhole. Improvements
in worker safety increase the likelihood that maintenance will be per-
formed on a timely basis.

In addition, flooded manholes are at a near-optimal temperature for nu-

cleate boiling, which can result in excessive heat loss. Using conservative
unit energy costs, a boiling manhole is estimated to lose from $50,000 to
$125,000 worth of heat per year if not repaired. 2 Boiling manholes often

1 Couch, Robert 0. 1993. Underground heat distribution systems. 1993 Federal Section Conference:
May 20 - 21, 1993. Arlington, VA: IDCA.

2 Marsh, Charles P., and Terrill R. Laughton. June 1998. Boiling Manhole Heat-Loss Calculations.
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go uncorrected for years, and their premature failure can only be reversed
through expensive repair or replacement projects.

Because HDS manholes are both a critical necessity and a system vulner-
ability, better methods are needed to protect manhole pipes from corro-
sion. The Directorate of Public Works at Fort Jackson, SC, the U.S. Army
Installation Management Command (IMCOM), and the Office of the Assis-
tant Chief of Staff for Installation Management (ACSIM) have identified
heat distribution systems as a critical part of the infrastructure needed to
support the installation mission.

The project documented here uses a liquid ceramic coating and primer
system to protect bare manhole piping in heat distribution systems. This
class of coatings has been used for more than 10 years in industrial set-
tings but is not currently used or HDS manhole piping on Army installa-
tions. Upon application of this coating the overall environment will be
rendered significantly less corrosive while directly protecting the piping
and associated segments.

USACERL Technical Report TR-98/62. Champaign, IL: U.S. Army Construction Engineering Research
Laboratory.
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2 Lessons Learned

One of the primary lessons learned from this work is that the insulating
value of the ceramic coating alone is significantly lower than intact con-
ventional insulation. Therefore, it is recommended that a partial amount
of approved conventional insulation be used in conjunction with the insu-
lating coating. In a typical situation this will upgrade uninsulated piping
both for corrosion protection and improved energy efficiency.

Another lesson learned is that scheduling the coating application can be a
significant challenge. It is essential that this coating material be applied to
a de-energized system and be given enough time to cure before the HDS
system is fully re-energized. A typical HDS services a number of installa-
tion customers all year for both space heating and domestic hot water.
Scheduled maintenance is usually performed over an interval of about 2
weeks in both the spring and the fall, so these would appear to be the best
opportunities to apply the coating.

Also, as based on experience but also applicable to this work, expert in-
spection during the surface preparation and coating work is essential.
Otherwise there is a risk that less than adequate attention will be applied
and a poor coating job will result.



CPC Project IMA-2 Final Report

3 Technical Investigation

September 2005 coating application

At Fort Jackson a number of manholes were prepared to be primed and
subsequently topcoated with the insulating ceramic coating. A number of
test panels were placed at each site for periodic sampling and field evalua-
tion in order to monitor the condition of the coating over time. Also, a
small ancillary investigation was performed in which a fiberglass mesh
laminate material was embedded in the ceramic coating system along a
small portion of the manhole piping. The purpose of the side investigation
was to observe how the fiberglass reinforcement may affect the perform-
ance of the ceramic coating system. Details of the work are presented be-
low.

Site 1 - Corner of Marion and Hill Streets

This pit is approximately 15 ft square and 10 ft deep. It contains dual hot
water pipes with a surface temperature on the upper pipe of 182 °F and on
the lower pipe of 152 °F. (Chilled water pipes in the pit were not a part of
the contract.) Main pipes have an exterior diameter of approximately 6 1/2
in. and a length of 13 ft. There are two large valves on the main pipes and
eight smaller valves on side pipes of 1 — 2 in. diameters. Total area to be
painted was estimated to be approximately 90 sq ft. The pipes enter the pit
from the west and exit to the east in 24 in. conduits. They are fully exposed
in the pit. Insulation was removed on Monday (29 August 2005) and sur-
face preparation and priming was conducted on Tuesday. Surface prepara-
tion resulted in holes in the conduit on the east end of the pit. Holes in the
top of the conduit were numerous. Water squirted from holes in the side
on the conduit, causing some delay in surface preparation. A 1 in. pipe
plug was removed in an effort to drain the conduit, but after 2 hours water
was still squirting from the holes halfway up the side, so the plug was re-
placed and work continued. Abrasive blasting was conducted using silica
sand having a designation of BX12. It had a wide gradation and produced a
surface profile (replica tape) of 3.5 — 3.7 mils. Approximately half of a 5
gallon batch of MIL-DTL-24441 Formula 159 (manufactured by BLP Mo-
bile) was mixed, and only a small portion of it was used. Application was
with an electrically operated airless spray unit using a 517 tip. Mixing and
application went smoothly. Thickness measurements the following day
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ranged from 3 — 15 mils with most of the readings in the 7 — 8 mil range.
The coating was smooth and had no notable runs, sags, or instances of
overspray.

On Thursday morning the initial topcoat was applied by airless spray using
a 517 tip. The product, TC HB Ceramic manufactured by Capstone Manu-
facturing Co., Seattle, WA, was sprayed without thinning. The application
had extensive overspray, especially on the west end of the top pipe. Water
was added in an effort to smooth out the application. The resulting appli-
cation had extreme thickness variations. Bubbling was noted on several
areas on the upper pipe. (This is the hottest pipe and the thickest applica-
tion.) Some bubbled areas were removed with a knife shortly after the ap-
plication and the areas repaired. Other bubbled areas were removed with a
knife on Friday. It was noted that adhesion to the primer on the top of the
west end of the top pipe was poor. It is thought this was due to the over-
spray landing on the pipe prior to the paint application. Thickness meas-
urements indicated the topcoat to be as little as 15 mils on undersides and
hard to coat areas to near 1/8 in. on the top of some pipe areas. Most ap-
plication was in the 20 to 30 mil range.

On Friday afternoon the second topcoat was applied by airless spray using
a 515 tip. The application had no notable overspray.

After a 3 day weekend the coating thickness was measured on Tuesday, 6
September 2005. A few areas of the topcoat, primarily on the undersides
of the pipes, were less than the required 45 mils. In those cases, the thick-
ness was brought up to specification with a brush. Overall, the thickness of
the final system is mostly in the 50 — 70 mil range, with some areas on the
east end being in excess of the 100 mil capability of the gage.

Temperature measurements were made with both an infrared (IR) ther-
mometer and a contact thermometer. The readings are shown in Table 1.

Table 1. Temperature measurements from site 1 manhole.

Area IR Contact
West end 81 - 82 59-61
On fiberglass 71-75 52-55
East end (top) 72 -78 48 - 55

(bottom) 65 - 66 50-51
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Site 2 - Corner of Scales and Hood Streets

This pit is approximately 15 ft square and 9 ft deep and contains dual hot
water pipes. The surface temperature on the upper pipe is 155 °F and on
the lower pipe it is 138 °F. (Chilled water pipes in the pit were not a part of
the demonstration.) Pipes entering the pit have a diameter of approxi-
mately 6 1/2 in. for 9 ft, at which point the diameter is reduced to 4 1/2 in.
for approximately 5 ft. There are 6 in. and 4 in. branches off the main
pipes. There are three large valves on the main pipes and five smaller
valves on side pipes with 1 in. diameters. The total area to be painted was
estimated to be approximately 80 square ft. The pipes enter the pit from
the west and exit to the east in 24 in. conduits. They are fully exposed in
the pit. Insulation was removed on Monday and surface preparation and
priming were conducted on Thursday. An initial probe of rust with a putty
knife on the west conduit opened a 2 in. diameter hole. There was concern
that abrasive blast of the pipe in the area might perforate the pipe, so
minimal blasting was performed within 16 in. of the conduit. All other ar-
eas of the pipes were blasted to the SSPC-SP6 (commercial) grade. Blast
was conducted with silica sand having a designation of BX12. It had a wide
gradation and produced a surface profile (replica tape) of 3.5 — 3.7 mils. A
single 3 gallon pail of Wasser MC Zinc, Standard grade batch number
50213 was mixed for application. Only a fraction of this material was used.
Application was with an electrically operated airless spray unit using a 517
tip. Mixing and application went smoothly; however, upon drying for sev-
eral minutes gas bubbles began forming where the application was exces-
sively thick. Thickness measurements the following day ranged from 3.6 —
15 mils, with most of the readings in the 3.6 — 8 mil range. Blistering was
limited to a few small areas where the thickness was in excess of 10 mils.
The blisters were removed with a razor blade and the coating touched up
with a brush.

On Friday afternoon the initial topcoat was applied by airless spray using a
515 tip. The product, TC HB Ceramic manufactured by Capstone Manufac-
turing Co., Seattle, WA, was thinned with water. The application had no
notable overspray, but some sagging was seen on areas of excessive thick-
ness.

After a 3 day weekend the coating thickness was measured on Tuesday, 6
September 2005. A few areas of the topcoat, primarily undersides of the
pipes were less than the required 45 mils so the thickness was brought up
to specification requirements with a brush. Bubbling was again removed
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and touched up with a brush. Overall, the thickness of the final system was
mostly in the 50 — 70 mil range, with some areas on the east end exceeding
the 100 mil capability of the gage. Much of the excessive thickness was due
to the amount of overspray and attempts to smooth the coating.

Temperature measurements were made using both an IR thermometer
and a contact thermometer. Readings are shown in Table 2.

Table 2. Temperature measurements from site 2.

Area IR Contact
West end 81 - 82 55

On fiberglass 71-76 52-55
East end (top) 69 -72 48 - 55
(bottom) 64 - 68 44 - 47

Site 3 - Sumter Street behind Building 2179

This pit is approximately 6 ft square and 8 ft deep. It has two pipes enter-
ing from the north and exiting the west. Upon arrival of the contractor the
pit had approximately 2 ft of water. The lower pipe was completely sub-
merged and the upper pipe was submerged except for a small amount of
insulation. The sump pump was not operational and the electrical outlet
near the pit was dead. A new sump pump was purchased and a generator
was used to drain the pit. This pit contains dual hot water pipes at ambient
temperature. The pipes enter the pit from the north through a 20 in. con-
duit. They are 3 1/2 in. outside diameter and are reduced to 2 in. before
exiting the pit through a 16 in. diameter conduit to the west. The upper
pipe is approximately 7 ft long and the lower one is 10 ft. There are two
large valves on the main pipes and six small valves on 1 in. side pipes. The
total area being painted was estimated to be approximately 50 sq ft. Insu-
lation was removed on Monday and surface preparation and priming were
conducted on Wednesday. Blast was conducted with silica sand having a
designation of BX12. It had a wide gradation and produced a surface pro-
file (replica tape) of 3.5 — 3.8 mils. Quality of blast met the SSPC SP6
(commercial) grade in all areas. Approximately half of a 5 gallon batch of
High Temp 600ZN HA manufactured by Hi-Temp Coatings of Acton, MA,
was mixed, and only a small portion of this quantity was used. Mixing was
aggravated by the marginal quality of the zinc component. The zinc was
packaged in a plastic bag inside a 1 gallon can. Although there was a sack
of desiccant in the can, it appeared that moisture had caused the zinc to
clump. Application was with an electrically operated airless spray unit us-
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ing a 517 tip. Thickness measurements revealed all areas to be in the 2.7 —
12 mil range, with most measurements in the 5 — 6 mil range.

The first topcoat was applied Thursday morning. The product, TC HB Ce-
ramic manufactured by Capstone Manufacturing Co., Seattle, WA, was
thinned with water. The application had no notable overspray, but some
sagging was seen on areas of excessive thickness. After drying overnight,
spots of rust were noted in the recesses of flanges. Thickness measure-
ments of the first topcoat varied widely, from completely missed areas to
sagged areas with more than 30 mils of coating, probably due in part to
the complicated surfaces and confined work area.

The second topcoat was applied Friday morning.

After a 3 day weekend the coating thickness was measured on Tuesday, 6
September 2005. A few areas of the topcoat, primarily undersides of the
pipes, were less than the required 45 mils, so the thickness was brought up
to specification requirements with a brush. Overall, the thickness of the
final system is mostly in the 60 — 70 mil range.

August 2006 field evaluation

On 27 August 2006 a final observation of the coated HDS manhole pipes
was performed. The final set of test panels was retrieved and the condition
of the applied coatings on the pipes was observed.

Site 1 - Corner of Marion and Hill Streets

The conduit was running water into the pit from both ends. The sump
pump was operating and the pipes were dry. There was no evidence that
the pipes had been under water over the previous year. The coating was in
like-new condition except for rust that had dripped from overhead struc-
tural members. The areas on each pipe where the fiberglass laminate had
been applied were in like-new condition, but there were no obvious bene-
fits from the installation of the laminate. The pipes were hot to the touch
but an inspector could touch the upper part 30 seconds without discom-
fort. The lower pipe could be held without discomfort. The test panels were
retrieved for examination. There were no apparent changes other than the
dirt accumulated from exposure.
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Site 2 - Corner of Scales and Hood Streets

The conduit was dripping water into the pit from both ends. It had devel-
oped additional rust in the areas of the holes and green moss had again
begun to grow. The area where the pipes were not blasted due to concern
about perforation had been coated, but some of the remaining scale was
loosening. Spots of pinpoint rust were forming in the area. The sump
pump was operating and the pipes were dry, but a waterline indicated the
test panels as well as the bottom half the lower pipe had been under water
at one time. The coating was in like-new condition except for the rust that
had dripped from overhead structural members. The few blisters that had
formed at the time of application had not changed in appearance or size.
The area on each pipe where the fiberglass laminate had been applied were
in like-new condition, but there were no obvious benefits from the installa-
tion of the laminate. Coating thickness in this area was apparently greater,
and both the upper and lower pipes could be held with no discomfort. The
test panels were retrieved for examination. There were no apparent
changes other than the dirt accumulated from exposure.

Site 3 - Sumter Street behind Building 2179

The conduit was in good condition but there was about 5 in. of water in the
pit. This pit does not have electric service or a working sump pump. There
was no evidence that the pipes had been under water over the past year.
The coating was in like-new condition except for rust that had dripped
from overhead structural members. There did appear to be a greater
amount of rust in the flanges and on a few bolt thread areas. This amount
of rust was minor but did appear to be greater that that seen in similar ar-
eas at the other Fort Jackson sites. The difference may be that the primer
used at site 3 did not contain zinc or that it did not flow into the tight areas
as well as the other two primers. The areas on each pipe where the fiber-
glass laminate had been applied were in like-new condition, but there were
no obvious benefits of the installation of the laminate. The top pipe was so
hot it could be touched only for a short time before causing a burn. The
lower pipe could be held without any discomfort, however. The test panels
were retrieved for examination. There were no apparent changes other
than the dirt accumulated from the exposure.
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Test panel evaluation

Figure 1 shows all three sets of test panels, and two control sets, after 12
months of exposure. Details about each panel and more photos are pre-
sented in Appendix B. In brief, however, it was determined that little to no
coating degradation had occurred during the period of exposure. Some
staining of the coating was observed in the site 2 specimens, but the coat-
ing integrity was unaffected.
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Figure 1. Samples showing test panel results after 12 months of exposure in three separate
pits. The vertical columns, left to right, are factory varnish, blasted, system 1 (epoxy primer),
system #2 (MC urethane primer), and system 3 (silicone primer).
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Metrics

The following metrics were applied to assess the results of this demonstra-
tion.

Coating performance was assessed for chalking, flaking, and rusting with
reference to ASTM standards D622, D610, D772. The manufacturer’s rec-
ommendations for application were followed.

A number of factors were quantified to provide valid baseline cases either
before or without the application of the coating system. Here, weight loss
coupons (called test panels throughout this report) were used to determine
the corrosion rate within the environment. In order to allow for periodic
sampling, multiple coupons were be used. Three cases were covered:

1. uncoated pipe
2. any applicable existing coating (typically minimal to none)
3. the same coating system applied to the manhole piping as a control.

The temperature and relative humidity were monitored to quantify the
modification of the environment and the resulting effect on corrosion.

Because the expected benefit of this technology will be realized over the
long term, a full data set for quantifying the return on investment will not
be available for years. However, relative frequency of leak repair, repair
and maintenance costs, excessive heat loss, and overall system condition
were monitored and compared with historical trends and experience, both
at Fort Jackson and for similar heat distribution systems around the coun-

try‘l, 2

1 Marsh, Charles P., Nicholas M. Demetroulis, and James V. Carnahan. July 1996. Investigation of Pre-
approved Underground Heat Distribution Systems, USACERL Technical Report TR-96/77. Champaign,
IL: U.S. Army Construction Engineering Research Laboratory.

2 Marsh, Charles P., Brian A. Temple, and Angela Kim. July 2001. Condition Prediction Model and Com-
ponent Interaction Fault Tree for Heat Distribution Systems, ERDC/CERL TR-01-35. Champaign, IL: U.S.
Army Engineer Research and Development Center - Construction Engineering Research Laboratory.
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5 Economic Summary

Projected return on investment

The projected return on investment (ROI) for this project was determined

to be 58. It should be noted that, strictly speaking, a return on investment

is applicable specifically to cases in which an investment produces a profit

or financial return. Because the economic benefit of this technology is cost
savings rather than a hard financial return, it is technically more correct to
express the benefit as a savings-to-investment ratio (SIR). The value of the
benefit is the same, so the terms are interchangeable, but ROI is used here
for discussion in the context of the Army CPC Program.

Assumptions

The full economic analysis is presented in Appendix C. The findings of the
analysis were that the ceramic coating system provides a net savings of
$63,366 per manhole over a 20-year life cycle, and an ROI of 58. The
analysis also determined the payback period for the initial investment to
be 16.2 years.

Not included in this analysis are the energy savings of providing a partial
insulating capability where, typically, bare pipes are found after 7 — 10
years of service. Occasional manhole flooding and general wear and tear
tends to degrade the insulation. The ceramics-based insulating coating
provides some insulation value even when wet. Also not covered in the
economic analysis is the improved worker safety factor, where the possibil-
ity of burns is virtually eliminated by application of a coating that is only
warm to the touch while the HDS is operating. An additional value of the
worker safety benefit is that maintenance is more likely to be performed
on schedule where the danger of burns is reduced, thus promoting the
long-term reliability and efficiency of the system in the support of mission
objectives.
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6 Recommendation

It is recommended that the managers of U.S. military installations fully
consider utilizing the subject insulating ceramic coating system on various
HDS elements in manholes to prevent corrosion, extend infrastructure

service life, and avoid potentially costly leaks and component replacement.

It also is recommended that a partial amount of conventional insulation
material be used in conjunction with the ceramic coating system. Doing so
while also applying the insulating ceramic coating will modify the internal
manhole environment toward conditions that will greatly reduce corrosive
degradation while restoring the full thermal insulation capacity to an as-
built or “like-new” condition.
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7 Implementation

It is recommended that this technology be adopted widely and imple-
mented by inclusion in the applicable Unified Facilities Guide Specifica-
tions (UFGS) and Technical Manuals (TM). In particular, UFGS-33 60 01,
Valves, Piping, and Equipment in Valve Manholes (July 2006) would be
the primary document in which to codify this change. In addition, UFGS-
33 61 13, Pre-Engineered Underground Heat Distribution System (April
2006) may require modification if the conduit end plates are to be coated.
Inclusion in the original design of new systems would also be aided by in-
corporating this technology in Army TM 5-810-17, Heating and Cooling
Distribution.



CPC Project IMA-2 Final Report 15

8 Conclusion

This project demonstrated the benefits of an innovative ceramics-based
insulating coating system in protecting high-temperature HDS pipes lo-
cated in manholes. Periodic field inspections and examination of exposed
test panels were performed at intervals of 4, 8, and 12 months. In addition
temperature measurements were used to estimate heat loss.

A third-party economic analysis estimated that the ROI for this technology
would be about 58, with an initial payback period of 16.2 years. These re-
sults however are somewhat skewed in that the base comparison case ad-
dressed insulated pipes whereas the piping insulation in manholes is often
found to be significantly damaged or missing. The addition of some por-
tion of the original intended insulation thickness could help to make up for
the design insulating capacity not provided by the coating.

In addition to the extra corrosion protection provided by this coating sys-
tem, in part through mitigation of the corrosive conditions in the manhole
environment, the improvement in thermal performance should yield good
returns on an ongoing basis, especially with expected long-term increases
in energy costs. Also, system reliability enhancements provided by this
technology offer a benefit in terms of improved mission support and readi-
ness.
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Appendix A: Project Management Plan (PMP)

TRI-SERVICE PROGRAM
ARMY FACILITIES

CORROSION PREVENTION AND CONTROL PROJECT PLAN

Innovative Corrosion Resistant Materials/Indicator Coatings for High
Temp/Steam Piping at Ft. Jackson

Project No.: IMA2

MNovember 2004

{(as modified from 13 July 2004 version)

Submitted By:

Charles Marsh

U. 5. Army Engineer Research & Development Center (ERDC)
Construction Engineering Research Laboratory (CERL)

Comm: 217-373-6764

(Project Number to be assigned by OS50 when approved)
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I. STATEMFNT OF NEED
PROBLEM STATEMENT:

Ft. Jackson, IMA and ACSIM have 1dentifiad heat distnbution svstems 25 a cuitical part
of the mfrastruchuwrs needed to suppert the mstallation ussion. Draing ther nommal
service life |:-ip:iu_, in heat distnbution svitem (HDS) manbaoles throughout the Avmy and
the Tr-%erices routmely expenence an environment that 15 both hot and md. Ths
resulis In an onzoing and severely corrosive environment to which bare and offen un-
msulated stes] piping 1 expu::-sed.-i Add to dus moultiple ocowrences of leaking valves,
pmiale lezks m condensats Imes, zroumd water mmgress, and cceasional fooding and thes
accelerated degradation offen results in the piping quickly reaching half of the usefiul lifa
eyele (typically 25 years”) within five to eight vears. In addition. flooded manholes are at
a near optimal femperatme for nucleate botling and can result m excessive and additional
heat loss. For exampla a boilng manhele is estimated to lose from 550,000 to $125,000
waorth of heat per vear if not repaired”’ while also prematmely degrading 1ia corrosion the
eritical mfernal piping connections and appurtenances. Boiling manholes can sasiby go
meormrected for spe or mors vears, and thewr eventual replacement repair, dus to their
shortened nseful life, will alzo ba expenszive. Given that the manholas are both necazzary
and requived but also represent a reliability weakness, a means to bettar protact the
manhols piping 15 needed. Even in normal operation the warm-to-hot and often hnarmd
manhols environment 15 inherently prone to aceelerated corrosive degradation.

IMPACT STATEMENT:

Implamentation of ts project will result n avorded adverse impact to mussion eritical
basic and'or proficiency faimmng through loss of bumldmg space heatng and hot water
supply. Simular impacts to other base operations will also be avoided. Other benefits
will include significant reduction in operational and replacement expenses? allowing
more budgetary lee way for mission suppeot, as well as improved system reliability and
axtended nseful service life. Another plus 15 that mamtenance woaker safety will alzo be
mnproved through less chanes of buims, water hammer, catastrophoe valve failure, and
lack-of-cocyzen confined space fatalihes. More specifically, the expected benefits of
immevative comosion resistant coatings are to protect intermal manhole pipimg conmections
(1e., hot water/steam supply and retuon line fake offs from the main feeder frmk lina) and
valves from corrosion m a fypically highly comesive anvironment. An additionazl
advantage of the mtended mnovatve coating 13 to lower the hot pipe surface temperature

! “Crosss and Cenmel of Comosion iz Buried-Condui: Hezt Distribraficn Systeens”, TSACERL Tachnical Repoct M-

SLAE (Fady 19910, Fames B Myars, Ellen & Segan, Charlss P. ek, Vincee: F. Hock

* I'_-anil:JI:IDII.. for lomg lived systems mandated by 10 CFR436.14{d)(2) not to excead 23 vears

L “Boiling Mazbols Heat-Loss Caloalesions”, USACERL T Technical Repeat #8562 (Tune 1885} Chazles Marsk and

Tarl L:.u.-nhm: Mete: theso calculations use 2z cld Ammy “Baed Book™ [F54, ‘i-:l.l] coat of aneegy value of £6.75
}iBra

Fuiq]:la cament coats fypicalby raz $300 - £23004 (1 mids = 8160 a=d up). A mlativaly recezt Ammy Uiliftes

Modammization program was fmnded at 5 x B80T = 8300
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and provida buan protection to the mamtenance weorker. This alse means that a modest
ameount of effactive msulation 15 added in a small added thickness. Since heat
distribution systems are in fact collections of inferacting component=" the overall system
condition will also be maintained. Taken all together these advantages result mn a longer,
enargy afficient service life, lower life cyele cost operating costs, increasas the likelthood
of mamtenance procadurss baing performed and an extended time batween overall
svatem replacerment.

Z. FROPOSED SOLUTION

TECHNICAL DESCRIPTION:

Thiz project wall use a liguid ceramme coatng to coat newly constructed, bare, manhels
piping in heat distribotion svestems (e.z., Uality Modermzation jobs). This elass of
coatings has aver 10 vears of expenience in industral settings but 15 not cwrenthy used
within the Ao for HDS manbole pipmz. With as little as 120 mls a 350F pipe can be
rendered non-pamnful for contact with bare skin. However, mainly the overall
environmeant will be renderved sigmificantly less comresive while divectly protecting the
prping. In additton depending on the spectfic application situation, an mdicator coating
may alzo be apphied. This wall consist of erther a distinetively colored mtermeadiate laver
to easily showr by visual mepection that it's dme for recoating, or, a thermeal mdicator
coating which shows a color change above specific sraded temperatiwe. Either of thess
mdicator coatings will wield an easily percerved “test result” showmg the cwnrent status of
the manhele piping and prompt appropriate maintenance procedures as needed.

Technolosy Maturity:

Thiz teclhmology 15 mature and so low rizk, with many vears of proven expenence. As
one recent example 2 steam generation and distmbution company i Detvort, 3T 13
currently m the process of coating piping (ncludng all appurtenances such as valves,
fittings, and commectors) 1 their 900 manheles with 60 nuls of this tvpe of coatmz. One
beneficial effect has been to decrezse the ambient workmg condition temperatiwes whach
allowr crevws to woik longer and without excessive ventilation.

* “Condiion Predizsion Modsl and Compomsnt Interacticn Fault Tres for Hezt Deéstrbeation Systesas”, Marsh, Tezpla.
K, FRDCICERL TR-01-35 (July 2001}
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Figure 1: Commercial valve and piping coated with a liguid ceramic coating.
BISE ANALYSIS:

Thiz 1z 2 low risk progect m that the coatms products are commerctally avallabls from
mmltiples mamtzctwers. Cmgoing, widespread mdusty expenence over at least the last
10 vears swongly mdicates that successful application and long term performance should
be expected. In addition, based on past working relationships af the frst mmplementation
site, Ft. Jacksom, 5C, they are very receptrve to heat dismbuhion system mmprovements.

In fact, Ft. Jackson 15 ome of the sites of 2 nmlti-vear FEAPTTAT project comparing
concrete shallow wench to divect burted heat distmbuotion svstems m the 1990z, Thos prior
woak resulted 1 significant mprovements m the applicable zunde specifications, T 5-
BI10-17 and AR 42049, This project will be mplamsantad at Ft. Tackson wathout the nead
of a phased approach.

EXFECTED DELIVEEABLES AND EESULTS/OUTCOMES:

Dlependmgz upon manhole size and the associated mfermnal pipmz swface area, Som 25 o
40 mankholes will be uparaded with the apphication of hamd ceranie coatings. As needed
an appropriate ndicator coatmz will also be meheded. In addinon, supplied to the
mstzllaton wall be draft comtract lansuzage and specifications (2 g, smface praparation,
product acceptance requirements, safety procedues, ete.) for uze on additional
apphications. The expected cutcome 15 that thers wall be lazs operational distnbuton heat
loss, sigmificantly le=s comosion will ocewr on upgraded manheols prping and 2 more
1elizble and longer service heat dismibution system should result. Follow up coating
azsessments will be used to finther assure and document expected performance.

PROGEAM MANAGEMENT: The Project Manager wall be: D, Charles Mash
(ERD-CERL Semior Ressarcher and Matenizls Engmeer). The Assoriate Project

Manager will be: M. Danid Kessler. The stzkeholders will be br. Steve Jackson (IMA-
SEROY, and Mr. Tom Tehada (SN} and Mz, MNaney Coleal (USAF). Customers are:

Wi, Georze Dhbb, Department of Logistics and Engineenng, Ft. Jackson, The approach

will meluds contactmz mechamizms such as Indsfinete Delmery Indefinte Cuantity

({IDIQ) Contrzet. Axn IDIQ Task Order and/or a techmocally qualified 84 contract for tlas
praject are axpected to be awarded by 1 month after receipt of fimds. Dovact Cite fimds
will be used for conracts for implementmy mnovative manhols piping coatmgs at Fort
Jackson.
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3. COSTBENEFITS ANATLYSIS

a. Funding (3K}
Funding Source 50 IMA
Labaor & 170
Materia's M ai
Trave M 14
Report MEA 15
Air Force/Nawy Participation MEA —
SUBTOTAL & 283
Crerhead & a7
TOTAL [SK) MI& 36D
Development Project Budset

The S360KE budset 1= realistic and adequate for the scope of the project. ERDC-
CEFL has an hustorie and engoing fanulhianity with the Ft. Jackson heat distnbution
svetemn. Thes assoctatiom dates back to at least the 1980s heat distibuhon system upgrade
and later associated FTAT (later FEAP) program and earriers through to a recent
aszsezsment performed for the THilittes Modermization program.

b. Return-On-Investment Computation

zing the required OMB spreadshest, and m accordance with OMB Cireular A-94, a
retum-on-nrvesment (RO of 15.74 was caleulated (see Appendix 1 below along
with mstallation specific supporting notes and cited references). The associated
savings were $35. 7M. This ROI value is based on current bast practices, as well as
projectad mamtenance and rehabilitation practices and costs. In addition,
conservative valoes for average energy costs and mestly labor based expenses for

laak rapair have bean chosen sinees they are wall deeumented.

. Mizsion Criteality

The operationzl benefits of imoplementation of thas tachnelesy for these mussion
cxtical systenes are enhanced thermal efficiency, mmproved his cyele costs, lower
ongomg operatng costs, mmproved worker safaty and increased system wide
reliabulity for heat distibution systems.
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4. SCHEDULE

MILESTONE CHART
TIME
{months after
EVENT receipt of funds)

Awward Contract 1
Site Visit to Select Manhales 2
Select Liquid Ceramic and Indicator Coatng
Products 2
Begin On Ste Coating Application 3
Complete Coating AppScation ]
Complete Draft Contract Lanpuage and
Procurerment Docurnenis for Installaton i
Perform Follow Up Assessment 0
Complete Documentafion  [includes  Fins
Regor, Procurement Specification, Ad Fliers) 12
Complete RO Validation 12

a. Mota: If progect 15 approved, Bi-mondhly srarus repores will be submined (12
startmz the first waek of the second month after contract award and evary tao
mionths therezfter vntil fmal repeat 15 completed). This report will be
submmttad to the Dold CPC Peliey & Oreersight office. Eeport will include
project nuanber, progress summary (and/or any 1zsues), performance goals and
mefics and upcoming events.

b. Examples of performance goals and metrics: melude achisving specific
mulestones, showing posifve trend toward achieving the forecasted FOT,
rezchng specific performance quality levels, meeting test and evaluation
parameters, and'or successfully demonstating 2 new system prototvps.

5 IMPLEMENTATION

a. Transition approach: Unified Facilibies Guide Specifications (UGS,
Engmeenng Instroctions (EI), Techmeal Instuetions (T1), and Techmeal Manuals
(T&I), meluding updates, along with a fmal report descnbing the details of the
project, will be developed and posted to the 05D Corrosion Exchange website
mder “Spec & Standards” and “Facilites SIG." In additon, the mindance wall be
EEDC-CERL Corresion Prevention and Contrel Program (CPCP) website,
Coordination with potential vsers will be an essantial part of the fransition of the
tachnology. It is the intent of the Project Management Plan (FMF) to mplament
this corrosion prevention and contol technology at multiple regions and
mistzllations over the next six years, according to the schedule shown balow. The
UFGS, Els, Tls, and Ths, meluding updatas to existing mudance docoumeants,
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developed for Armoy-wids implementation durmg the FY05 project, will be
uttlizad to facilifate the planned implementation over the next =ix years.

FY | O5D Funds HO-IMNA Matching Planned Eezions Pl:mned Installations

il K K SERD Fr. Brags, Redstone Arsenal
07 SHEIE SABIE NERD West Do:nr, Bt Lee

08 HEIE HEIE NERD, NWED Fi. Biey, 1 McCov

[ HEE ABIE NWROD Fr. Lewvis, Fr. Leopard Wood
10 FHEIE K PARD Fr. R.Lcna:d:.u:u. Fr. Shafiar
11 A EABIE NERD APG, Fi. Belvoir

b. Potential ROI validation. F.OTwill be validated by n:n:-n:l:ua:"-::-“ of coated
manhole piping with otheranse identical but tm-coated manhele piping. The
calenlated BOT for thes project, which 1= bazed on cmvent bast practices, projected
maintenance znd relizbilitation cost, has the potential to merezase over the nmlaple
year mnplementation due fo the reduchon m down fime, which will result m
mereased mdirect savings. In subseqguent vears, the extension of usafinl and
anargy efficient service life of the heat distribution svstem a]m.lg with amy

a'.:-]:- icable indivect savings, will be uzed to fother refine and validate the ROI
calenlation. Third party validation will be uzed to docvament the FOT savings
]:-Elfu:-mlau 2 of thus project. Thus vabidation weork wall be performed by an
impartial and techmeally qualified mdrsidual such 25 a WACE-cerified Comosion
Expert ar by an expert 1n heat transfer such as My Bob 07 Bren of Washington
State Umiversity.

¢. Final Report: A final report will be wnitten 80 days after the projectis
completed. The report will reflact the project plan format as implemented and
will melude lessons leamed.

Projected Benefits

Bazad on extensrve industry expenence over many vears tis coating system should
1E|:1:.L-:e colrosion in what typically can bE an adverse and high comosion environment
(1.e., lugh temperatiwe and high hmidity). Additional benefits of merezsed enelgy

offici ency and enhanced worker safety are alzo expected. Owverall thas pr-:gect will help to
pravent haat distnbution svstem wide premzhare failure and excassive haat loss over and
above the designed value. A more reliable supply of space heating and het water, which
often 13 also used n indusinal process applications, will result in 2 positive mmpact to
mussion requirements and contnued operationzl readiness at Ft. Jackson

Mapazement Support

This project 15 supported by the Ft. Jackson DFW Office as well as the IMA-SERD
Fezion (ses coordination sheet signatwes). In addition, the Amry (HOQ-IMA and HQ-
ACSIVD have reviewed this project and provided matching fiumds for FY035. See
assoctated Mamorandun from ACSIM Divector for Facilites sand Housmg,
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6, COORDINATION SHEFT

ORCANTZATION

SIGNATTURE

Project Manager

{see attached)

ERDC/CERL Branch Cluef

(see attached)

Installation DFW POC

(see attached)

IMA Fegon (see attached)
HQIMA (see attached)
HQ ACSIM (see attached)
HQ AMC Hilton Mills approved: simature 15 being sent

under separate cover.

Tn-Service Facilities WIPT Chair

(see attached)

COORIMNATION SHEET

ORGANLEATION

WIPT Chair

ACSIM

HE) 1A

IMA Region

[nstallntion DPW
Installation POMC
ERDCCERL Branch Chiaf
Project Manager

Service CPC IPT Represemtative

SIGNATURE

Vo iy e
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6. COORDINATION SHEET

ORGANIZATION SIGNATURE DATE
Project Manager

ERDC/CERL Branch Chief

Installation DFW POC

Installation Ervironmental POC

IMA Region (€ ) A%— 2/1/2004
HO IMA

HQ ACSIM
HEQ AMC
Tri Service Facilities WIPT Chair

This & a TriService Project. Funds have been requested for Adr Fores amd Navy representatives o
paricipase in the evaluation of techaology implementation.

6. COORDINATION SHEET

ORGANIZATION SIGNATURE DATE
Privject Mannger

ERDCCERL Branch Chief

Installation DPFW POC

Installation Environmental POC - -
IMA Begion

HQ IMA M ﬁf
HC ACSIM —
HQ AMC

Tri Service Facilioies WIPT Chair

Thiis 15 & TriService Priged. Fitdiads have been requested for Adr Force aid Navy representilives o
particpale (o e evilunsm of echastogy implementitin
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ORGANIZATION SIGNATURE DATE
Project Manager
ERDC/CERL Branch Chiel A4
T2t L 3/
Installation DPW POC M W
IMA Region ,é}ﬁ.%— B Tiane 2acs
HQ IMA e ;
e — E‘—ﬂ(f
K Aol /it
HG AMC
Tri-Service Facilities WIPT Chair

il FAA.  Z4dune ot

onl
: OrgTncL
ORGANIZATION SIGNATURE DBATE
Project Manager
ERDC/CERL Branch Chiel »7:.}, \4
75 52 ?// / 54
Installation DPW POC o7/ %4
IMA Region ,é!h@k O/ T e
HO IMA P
> oty
T Lol Gt
HQ AMC
Tri-Service Fucilities WIPT Chair | (_i05mad_FAck. 24 Jdune ool

f
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Project Manager
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Installation DPW POC
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This is & TriService Project. Funds have been requested far Air Force nnd Mavy representstives to

participale i the evaluation of lechmology implemeniation.
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7. APPENDICES
Appandie 11 Potential ROT Caleulations based on OMB Cienlar A-94

Return on Investment Calculation

Invastmant Reguired Iml
Raturn on Investment Ratio 15.74 Parcent 1574%
Mat Presant Value of Costs and Banafits/Savings 14,047 58080170 SRS 15|

A, -] =] ] E F ] H
Fiitiire  Baseling Costs Bk eerin K By bir i Hew Biyatiri Presest Waliie of Poisent Valiie of  Tobal Prssit
Wi Bl Tl Sarding s Cogis BanelilaiSavisgs Cogts Haivisgs Walue

i 500 2000 E=n
¥ | 500 2000 47
o 500 2000 =3
of 500 2000 S28
2 | 510 2000 ]
of 500 2000 =33
b | 500 2000 245
| 500 2000 Je4
o 50 FiTE 2R

il | 8,300,000 2000 oir
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Supporting caleulations for Avelded Ceosts (Column E):

COL E: ANVOIDED COSTS

WOTE: HDS 5YSTEM REPLACEMENT (yr 11 and after)

Systern length (ft): 21000
YEAR energy #man excess MH  excess MH Moof Leak Totalleak Manhours Mo, Fper annus TOTAL
cost holes  heat loss energy loss leaks repar repaircosts foryearly  man nspection COL E
(SMbtu) beiling (Mbiwir) pEr cosis® (KE) hiles  hour  cosis (K]
[KEMH) inspection
i a.7e i TH42.00 5121 2 422 845 2 44 20 178 6142
2 a.7e i 754200 5121 2 422 845 2 44 20 178 6142
3 a.7e 2 754200 10242 3 422 1287 2 44 20 178 116.35
4 a.7e 2 754200 10242 3 422 1287 2 44 20 178 116.35
5 a.7e 2 TH42.00 10242 4 422 16.89 2 44 20 178 121.07
i a.7e 2 TH42.00 10242 5 422 M2 2 44 20 178 12530
El a.7e 3 TH42.00 153,63 4 422 16.89 2 44 20 178 172.28
8 a.re 3 To42.00 153,632 3 422 1287 2 44 20 178 166.08
] a.re 4 To42.00 20 B4 g 422 2534 2 44 20 178 231.04
10 a.re 5 To42.00 256,05 7 422 20.56 2 44 20 1.78 287.37

At the end of year 10 the system is replaced. This results m an additonal costof

31000 ¥ F200/% = 50,300 . Thereafier the installaticn experiences a significant reduction in:
normal dsstributon heat loss, # boiling manholes, = leaks

The onzomng expense of mplementng thiz technelogy (Columen 1) consist only
of mspection calculated as 2 man-hours per manhole per vear, at $20/man-hour for 44
manholes = §1,760. In the ROI spreadshest this has been roundad up to $2.000 to
nclude meidentals and any recoztmg tovch-ups needed. In addition o the avoided costs
detailed above, the over-amd-above savings of this technology (ncluded in Colunon E) ave
conservatively estimated at 31K v for not having to instead nn space heaters and 'or rent
portable boilers, pessibly for nmlapls buldings, to provide altermate somces of space
heating and'or domssiic hot water 1n the event of a service Infermuption

The estimated number of leaks 15 meant to be representative and 15 hare chosen to
be zanerally increzsmg toward the end of the useful life of a heat distibution system
while still retainmg some vanabality.

Mo attenpt has been mizdes fo estimate tmpacts on prodwctiaty, movale, or traming
hours. As well, snerpy costs ave hers assumeed fo be constant with a well documented and
conservative valie being chosen. Altematreely, 1ff 2 more complete analyais wers to be
done using the lafest energy escalation factors (projectad nisme energy costs over and
above that of mflation/diseowmnst rate) for the southeast region the expectad result would be
to shghily inerease the cwrent ROI astimate.
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Supportine Notes for BOI Calcnlation for Ft. Jackson HDS

Fit. Tacksor has at least 31,000-ft of diract buried (DB} heat distribution system {HDS) piping®. These wera
installed io the 1925-198% tme frme as follows

Phaze I (2200 block): 13.500-ft DB, complesed 28 AT 25
Phaze IT {3200 block): 6,300-fi DB, coppleted 27 TAI 82
Phaze IT {2200 black): 11,000-ft DB, completad 26 FEB 27

Thie typical approximate replacement cost, m 2004 dollars. is 8300 / ft. Without the application of this
camgsion prevention fechoslegy a replacemsnst 5 projecied 1o e needed in 10 years dme. In cuzrent
dollars this wonld be a total of 38380

Assuming a conservative average of S00-ft. of trunk line and 200-ft. of “fake off” to feed one or mare
buildings per manhole, this implies 2 total of 44 manholes. As existing, original system degrades some
small but significant mumber of these manholes will flood and proceed to boil. As described in detail in an
applicable Tachrical Feport” sach of these can lose 331Kt Tt is worth noting that this value is dedved
nsing an energy cost from FY94 of fast 36.79 per MEBm. If recent histary is aoy guide 2 mare
representative valae is likely to increase. In the caloalation of this FLOT any onpoicg elevatsd beat loss,
ower and abova accepiable designad frapsmission losses, of condun ssctions betwesr manhales is mot
accounted for hare. However, a heat dismibuizion system is 2 complicated collection of infemciing
componenis where the affects of a local filure can cause adverse effects throughout the system. To better
urdersiand these meeractions please sea the referenced ERDC/CERL Technical Repart”. The value usad
for leak repair is a documented value® from Pt Tacksen acd is m 1991 dollars. The appropriase ssction of
the conference paper is reproduced below,

APPENDIX B: COSTE H FT. CESOH

The lask sscourred Iin the high tempecature hot water prefabricated
buried conduit lime at the 5400 Bleck en 1 Jam 15%1. Tha repalr orew
began work at Tid08 an and did net sbep watil 3:30 am sarly the next
merning. In order to £ind the leak 13 heles (5 Lm asphalt, 7 in
#2il) wara dug owing to a long pipe ron frem the central enargy plant
nambar I to tha nanhole secving the ficst bulldipg.

Location and repalr:

threa workman at Z2 NOUCE ..csssassaaassnnnnns $1.11%
onm worknan at 19 hOOFES . ssssssaassassnannnnnsn § Ine
one suparvisor at 21 RODEE. . .........ccccneneed 495
thraa trecks and tws backho®f, . ......cccssssns § 14
patch bole im condait, . cvsvaarasannsass-cosa-acc§ 30D
Patch n:Ehilt apd TLLL:
apphalt mAateTrial. s ssstsassasaanaanannnnnnnes § 400
::Enr ......................................... 5 1&d
Raplace curb amd sidewalk:
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Total 84,223

* Letter Raport by WMD & Associabes dated 17 Mossmber, 1595
T "Bui].ing Meazkels Heat-Loss Calcolztions”, Barsh, Lazghtom, USACERL Technical Report 5062 (faze 1908).
Condition Prediction hiodal and Cn:-:upm;u.l: Inmwraction Fault Tres for Heat Dustribration Systeens”, Marsh, Teanple,
KJ:u ERDC/CERL TR-01-35 (July 20
¥ Charles Mlarsh, “Lassons LnL'u.n:Hu D.::q From s Fi. J:.-:'l::uu. S FEAP Hear Dismibmtion. Svetezns Demoenstation
Prejsct”, Corps of Exginsars Elsctrical and Mache=izal Traini=g Combarsace, Tiallas, T, Jady 1532,
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Appendix B: Test Panel Results

Test panels using different primers were placed in three separate pits. Fig-
ures B1 — B3 show the result of exposure for 4, 8, and 12 months. Table B1
summarizes the coating details, location and exposure time for all test
samples used.

Factory Varnish System #2 Syntem 43
ME Urethane priner 88 Silicane primer))

L]

Figure B1. Samples showing results after 4 months of exposure in three separate pits. The
vertical columns, left to right, are factory varnish, blasted, System #1 (Epoxy primer), System
#2 (MC Urethane primer), and, System #3 (Silicone primer).
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Figure B2. Samples showing results after 8 months of exposure in three separate pits. The
vertical columns, left to right, are factory varnish, blasted, System #1 (Epoxy primer), System
#2 (MC Urethane primer), and, System #3 (Silicone primer).
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Figure B3. Samples showing results after 12 months of exposure in three separate pits. The
vertical columns, left to right, are factory varnish, blasted, System #1 (Epoxy primer), System
#2 (MC Urethane primer), and, System #3 (Silicone primer).
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Table B1. Test panel locations, coating system, and duration of exposure.

Panel # Primer Midcoat Topcoat (total | Location Exposure time
system) (Months)
20-Jul-05 21-Jul-05 5-Aug-05
0 Factory Varnish 1 12
1 Factory Varnish 1 8
2 Factory Varnish 1 4
3 Factory Varnish 2 4
4 Factory Varnish 2 8
5 Factory Varnish 2 12
6 Factory Varnish 3 8
7 Factory Varnish 3 12
8 Factory Varnish 3 4
9 Factory Varnish Not in test
10 Bare 1 12
11 Bare 1 8
12 Bare 1 4
13 Bare 2 12
14 Bare 2 8
15 Bare 2 4
16 Bare 3 8
17 Bare 3 4
18 Bare 3 12
19 Bare Not in test
MIL-DTL 24441(F159) 2-
3 mils
20 20 36-55 1 12
21 22 47-51 1 8
22 23 41-61 1 4
23 22 45-51 2 12
24 20 43-57 2 8
25 19 41-58 2 4
26 27 46-73 Not in test
27 25 39-54 3 8
28 18 44-53 3 12
29 24 37-45 3 4
MCzinc (2-3) mils
30 18 33-61 Not in test
31 19 35-41 1 12
32 18 38-47 1 8
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Panel # Primer Midcoat Topcoat (total | Location Exposure time
system) (Months)
33 22 52-61 1 4
34 20 43-46 2 12
35 20 38-53 2 8
36 22 40-58 2 4
37 20 42-57 3 8
38 22 39-51 3 12
39 22 39-67 3 4
Hi Temp (2-3 mils)
40 20 37-49 Not in test
41 20 50-68 1 12
42 20 42-55 1 8
43 21 38-59 1 4
44 18 47-64 2 12
45 19 44-57 2 8
46 19 44-55 2 4
47 22 44-55 3 8
48 21 38-55 3 12
49 22 50-54 3 4

The test panels were prepared as indicated below:

Panels Number 0-9

Rear blast & paint only
MIL-DTL-24441 system

(3 mil each)

Front — no-blast no-paint

Panels Number 10-19

Blast all surfaces
Rear paint

MIL-DTL-24441 system

(3 mil each)
Front no-paint
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Panels Number 20—-29

Blast all surfaces

Paint rear

MIL-DTL 24441 system

(3 mil each)

Paint front with MIL-DTL 24441(F159) 2-3 mils
Front second coat Ceramic 45 mils

Panels Number 30—39

Blast all surfaces

Paint rear

MIL-DTL 24441 system

(3 mil each)

Paint front with MCzinc (2-3) mils
Front second coat Ceramic 45 mils

Panels Number 40—49

Blast all surfaces

Paint rear

MIL-DTL 24441 system

(3 mil each)

Paint front with Hi Temp (2-3 mils)
Front second coat Ceramic 45 mils
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Executive Summary

Underground Heat Distribution Systems are critical to support the instal-
lation mission at many US Army garrisons. Current maintenance and re-
pair practices reduce their service life considerably. This analysis com-
pares the costs and benefits of an alternative coating method with those of
the status quo practice. The alternative maintenance methodology con-
templates coating the carrier pipes inside the manholes with a coat of cor-
rosion protection primer paint and two coats of ceramic based paint. The
economic analysis found that the ceramic coating alternative has a net sav-
ing of $63,366 per manhole over a 20-year life cycle and a Savings to In-
vestment Ratio of 58. However, the analysis also found that it takes 16
years to recover the initial investment, and that the energy loses of the ce-
ramic coating alternative are considerably higher than those of the status
quo alternative. Finally, this report recommends adding insulation to the
ceramic based paint to save energy.

Introduction
Background

Many U.S. Army installations rely upon central district Heat Distribution
Systems (HDSs) to provide heating and hot water to their facilities. Fort
Jackson has identified HDS as a critical part of the infrastructure to sup-
port the installation mission. HDSs are large complex systems made up of
numerous components highly interdependent on one another. The dete-
rioration of one component affects the performance and deterioration rate
of other nearby components.

Manholes in a HDS house many of the critical components and also con-
nect the different pipe sections of the system. The environment inside the
manholes is often hot and humid and hence conducive to corrosion. Car-
rier pipes inside manholes are usually wrapped with insulation to prevent
heat losses and protect service personnel entering the manhole. Water en-
ters the manholes from leaking valves, rain, and ground water ingress. The
water then gets trapped into the insulation and in between the insulation
and the pipe. This condition makes the corrosive environment around the
carrier pipe more severe and speeds the deterioration of the carrier pipe.
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The corrosion of the carrier pipe in the manholes has a ripple effect though
the other components in the same manhole and the connecting pipes!.
Protecting the carrier pipe inside the manholes against corrosion extends
the service life of the entire HDS considerably. It is then desirable to have
a cost effective coating alternative able to protect the carrier pipes against
corrosion while keeping the outside temperature of the pipes low enough
to protect service personnel entering the manhole.

Objective

The objective of this analysis is to provide quantitative documentation of
economic Return on Investment (ROI) performance of the heat distribu-
tion system coating system that will be installed at Fort Jackson, SC.

Approach

This analysis follows the seven-step process outlined in the Department of
the Army Economic Analysis (EA) Manual and recommended by DODI
7041.3. The process is depicted in Figure C1 below. These seven steps are
divided into four major categories: Study Formulation, Determine Costs
and Benefits, Perform Analysis, and Report Results.

Define Objectives
v
Formulate Assumptions
v
Identify Alternatives

‘ Determine Cost ‘ ‘Determine Benefits‘

‘ Interface Cost and Benefits ‘

Compare Alternatives

Perform Sensitivity Analysis

v

Figure C1. Economic analysis process.

1 Underground Heat Distribution Systems; Robert O. Couch, Ricwil Piping Systems; 1993 Federal Section
Comference; IDCA; May 20-21, 1993; Arlington, VA;.
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Study Formulation

The first three steps of the Economic Analysis process involve the formula-
tion of the study. They are: Definition of Objectives, Formulation of As-
sumptions, and Identification of Alternatives.

Determine Costs and Benefits

This step of the Economic Analysis (EA) process is the determination and
estimation of the different costs and benefits of each alternative. It in-
volves the selection of the different cost elements involved and the gather-
ing of the corresponding values.

Perform Analysis

The next two steps of the AIS EA Handbook involve (1) the evaluation and
comparison of the different alternatives according to the costs and benefits
obtained before and (2) performance of a sensitivity analysis.

Report Results

The final step of the EA process is the reporting of the results. This step
involves documenting all estimates and explaining recommendation(s).

Scope

This study is an economic analysis, not a budget analysis. Economic analy-
sis and budget analysis are different processes. While an economic analy-
sis is used for determining the most cost-effective alternative that meets
an organization’s requirement, a budget analysis provides an organization
with the total cost impact of an alternative. The data presented in an eco-
nomic analysis may or may not be useful in a future budget process. Some
costs are omitted from the economic analysis because they are wash costs
(a cost that is identical for all alternatives). Also, some costs included in
the economic analysis may refer to several organizations, making it diffi-
cult to use them in the budgeting process.

Mode of Technology Transfer

The recommendation of this report will be used to specify corrosion pro-
tection treatment in Heat Distribution Systems.
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Study Formulation
Definition of Objectives

This is the first step of the EA and also the most important. A clear and
concise objective will set the boundaries of the study and will define the
goal to be accomplished in measurable terms. Clearly, an improperly
stated objective will lead to an improper solution.

Problem

Carrier pipes in the manholes of HDS are routinely exposed to a corrosive
environment of humidity and heat. That corrosive environment is exacer-
bated by leaking valves, ground water ingress, and occasional manhole
flooding. Current corrosion protection systems aim to protect the conduit
pipe. Moreover, current design/construction practices wrap insulation
around the carrier pipes in the manhole to prevent heat loses and to pro-
tect maintenance personnel working in the manhole from high tempera-
ture pipes. However, after the manhole is flooded, insulation traps mois-
ture around the carrier pipe and speeds up corrosion.

Project Objective

The objective of this project is to identify an alternative to the current
practice of wrapping insulation around pipes. The alternative should be
cost effective and provide a better corrosion protection without compro-
mising safety.

Formulation of Assumptions

In order to perform an EA, several assumptions about future events need
to be made. Following is the list of assumptions used in this analysis:

» The start year of the analysis is FY-2005.

« The lead-time (period extending from the start year to the completion
of installation) is 1 year. At the end of the first year all 100% of the
benefits are achieved.

« The period of analysis is 20 years.

o The real discount rate is 4%.

» Cost elements for each alternative are estimated using an average
manhole. The average manhole is 10 ft by 10 ft and has two pipelines in
it, supply and return. Inside the manhole there is a T in each line and a
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Identification of Alternatives

Currently, underground direct buried drainable dryable steel conduit HDS
are protected against corrosion by several means. The soil-side surface of
the conduit pipe is protected by a special coating and/or cathodic protec-
tion. The interior side of the carrier pipe is protected by chemical water
treatment performed continuously at the central plant. Corrosion in the
annuli between the conduit pipe and the carrier pipe can be prevented by
properly monitoring the moisture condition of this space through the
drains and vents at the end plates inside the manholes. However, the sec-
tions of carrier-pipe inside the manholes are not well protected against
corrosion. Those sections are wrapped with insulation and protected with
an aluminum jacket. Moisture entering the manhole through the top gets
trapped between the insulation and the outer side of the carrier pipe
speeding up the corrosion process.

Current Method (Status Quo) Alternative

In this alternative, insulation is wrapped directly around the exterior side
of the carrier pipe all through the section of pipe enclosed in the manhole.
Current maintenance practices call for visual inspection of the insulation
periodically and the substitution of the insulation when it is missing or
highly deteriorated. However, this practice can not inspect the surface be-
tween the insulation and the pipe when the insulation is not missing even
if it is saturated with moisture. Moreover, maintenance personnel short-
ages make the inspections unlikely and lack of maintenance funds make
the insulation replacement prohibitive.

Corrosion Protection Primer-Ceramic Paint Combination (P-CP)

In this alternative, when the insulation is deteriorated, it is replaced by a
ceramic paint instead of replacing it by a similar insulation. After remov-
ing the deteriorated insulation, the exterior side of the carrier pipe inside
the manhole is first treated with a zinc based paint to protect against cor-
rosion. Then, it is painted with a ceramic paint to insulate the pipes and
protect workers entering the manhole from injuries due to high tempera-
ture pipes.
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Cost and Benefits

Determining the costs and benefits associated with each alternative is the
fourth step of an EA. This part of the analysis focuses on the collection and
the comparison of the costs of implementing each alternative and the
benefits associated with each course of action. Two issues worth consider-
ing before estimating costs and benefits are (1) relevance of the cost ele-
ment and (2) level of accuracy of the estimate.

When comparing alternatives, not all cost elements are necessarily used in
the analysis. The goal of the economic analysis is to only determine the
most cost-effective alternative to the government that meets the organiza-
tion’s requirement. The outcome of the analysis is a ranking of the two al-
ternatives. Only the differential costs between alternatives are considered
in the analysis. Cost elements that do not affect the order of the ranking
and are common to all alternatives are not considered here. In other
words, costs that are identical for both alternatives (wash costs) are ex-
cluded from the evaluation and only the relative differences between alter-
natives are developed and compared.

The same rationale applies to the level of accuracy that is required for the
estimates to be relevant. Many of the estimates used in this analysis are
expert opinions and are not expected to be 100% accurate. To test the im-
pact of the estimates’ accuracy on the final ranking, a sensitivity analysis is
performed after comparing cost and benefits. That analysis tests what
changes in assumed values are necessary to impact the final ranking of the
alternative.

Relevant Cost Elements

There are five Cost Elements that capture the economic differences rele-
vant to selecting the most cost-efficient maintenance alternative. They are
Initial Investment, Preventive Maintenance, Corrective Maintenance, En-
ergy Consumption, and Salvage Value. Following is a description of each
cost element and how they impact the total cost.

1. Initial Investment. This is the total investment cost required to im-
plement each maintenance alternative. For this analysis, there is not any
initial investment for the status quo alternative. However, for the Primer-
Ceramic Paint combination (P-CP) alternative, the initial investment is the
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cost of removing deteriorated insulation, sanding the pipes inside the
manbhole, applying the primer, and applying two coats of ceramic paint.

2. Preventive Maintenance (PM). This cost element captures the cost
of doing PM on the carrier pipe inside the manhole. For this analysis, the
preventive maintenance includes the cost of performing periodic inspec-
tions of the carrier pipe. Under the status quo alternative, the periodic in-
spections are more difficult than those of the P-CP because the insulation
covers the pipe and hence gets in the way of detecting leaks in the carrier
pipe. However, the costs of these inspections are considered wash costs in
the analysis. The inspections are very similar under both alternatives.

3. Corrective Maintenance (CM). This cost element captures the cost
of activities involving breakdown maintenance, including materials and
investigative time to determine the cause of a failure or incident. For the
Status Quo alternative, it includes the cost of repair by replacement. Under
the Status Quo alternative, the life of the HDS is 16 years!. That is the
number of years that takes the Condition Index (CI) of a direct buried
drainable dryable HDS fall below 25%. At that point the system is beyond
repair and has to be replaced — Repair by replacement.

Under the Primer-Ceramic Paint (P-CP) combination alternative, the time
for the CI to fall below 25% is more than 30 years. That is so because pro-
tecting the carrier pipe inside the manhole against rust prevents leaks and
extra moisture in the manhole which in turn prevents flooding of the man-
hole. Flooding of manholes is the main cause of failure for HDS2 and in-
creases the stress in the pipe segments entering the manhole considerably.
In other words, the prevention of leaks in the manhole makes the condi-
tions inside the manhole similar to those of inside manholes with cover
raised. The CI for direct buried drainable dryable HDS with raised covers
in the manholes, after 30 years is 60% - Good Condition.

4. Energy Consumption. This cost element captures the cost of energy
lost in the pipe inside the manhole for each alternative. It is included in
the analysis to identify any energy saving or extra cost associated with the
P-CP combination. The energy cost is estimated by assuming that the

1 Engineering Management System For Heat Distribution System; NMD and Associates; Alexandria, VA;
August 1995

2 Underground Heat Distribution Systems, 1993 Federal Section Conference; May 20-21, 1993; Arling-
ton, VA
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boiler plant has an Efficiency Factor (EF) of 0.8 and that the cost of natu-
ral gas to the installation is $0.6 per Therm.

5. Salvage Value. This cost element represents the value of the HDS at
the end of the analysis period. Under the Status Quo alternative, at the end
of the 20 year analysis the buried pipe still has 12 years of economic life
left — 16 years less 4 years. Under the P-CP combination alternative, at the
end of the 20 years analysis, the buried pipe still has more than 10 year of
economic life left — 30 years less 20 years. Since the economic life left un-
der both alternatives are very similar, the salvage value is a wash cost.

Table C1 below summarizes the above cost element for each alternative

Table C1. Summary of Cost Elements.

Cost Elements Status Quo Prime-Ceramic Paint

Initial Investment No new equipment required Remove Insulation
Sand blast pipes
Apply Primer

Apply 1st coat paint
Apply 2 coat paint

Preventive Null Null
Maintenance

Corrective Replace Pipes in MH None
Maintenance Replace Valves in MH
Replace Pipe outside MH

Energy Consumption Energy lost while insulation is Energy lost through ceramic
saturated with water + energy paint.
lost while insulations is dry

Salvage Value Wash Wash

Source and Derivations of Cost and Benefits
Initial Investment

Neither of the two alternatives considered here requires new equipment or
training to be implemented. Therefore, the initial investment cost for both
alternatives is $0.

Under the P-CP combination alternative, applying the paint requires re-
moving old insulation, sanding the pipes, applying the primer, and apply-
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ing two coats of the ceramic paint. The costs of those activities have two
components labor and materials.

Materials:
1. Ceramic Paint
Ceramic Paint cost: $44.5/Gallon

Paint Efficiency Rate for no less than 45 mils dry film =16
SqFt/Gallon

30 ft of pipe per manhole

4 in. internal diameter = 4.5 external diameter = 4.5x3.14 / 12 =
1.177 Ft exterior circumference

Total pipe surface in a manhole = 1.177 x 30 = 35.32 SqFt

Cost per manhole = (35.32SqFt / 16 SqFt/Gallon )* $44.5 Gallons =
$98.25

Total Ceramic Paint Cost per manhole = $98.25
2. Primer Paint
Primer Paint cost: $50/Gallon

Paint Efficiency Rate for pipes for no less than 3 Mils dry film = 200
SqFt/Gal

Total Primer Cost per manhole = (35.32 SqFt / 200 SqFt/Gall) x
$50/Gall = $8.83

Total Primer Cost per manhole = $8.83

Total Materials Cost per MH = $98.25 +$8.83 = $107.08
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Labor:

Last September 2005 at Fort Jackson, it took a crew of two people to per-
form the necessary activities to implement the P-CP alternative in three
manholes four days. The labor included sanding the pipes, applying the
primer and the two coats of paint.

Labor Hours per MH = (4 days * 8 Hours/Day * 2 person) / 3 MH =
21.3 Hours

Hourly Labor Rate = $35/Hour in 1996 x 1.48 escalation factor to
2005 = $51.8/Hour

Labor Cost = 21.3 Hours x $51.8/Hour = $1,103 per MH
Initial Investment Cost:
Initial Investment Cost = Labor Cost + Material Cost
Initial Investment Cost = $1,103 + $107.8 = $1,110

Preventive Maintenance (PM)

Even though widely accepted preventive maintenance procedures? rec-
ommend repairing the deteriorated insulation around the carrier pipes in
the manholes, lack of manpower at the installations render the practice a
low priority status. As a consequence, in order to make this analysis reflect
the every day practice at the installation, the PM cost of repairing insula-
tion under the Status Quo alternative is zero.

There is not any preventive maintenance requirement for the combination
of primer and ceramic paint. Moreover, the expected life of the paint com-
bination is 30-plus years. Therefore, the estimated cost of preventive
maintenance for the P-CP alternative is also zero.

1 Engineering Management System For Heat Distribution System; NMD and Associates; Alexandria, VA;
August 1995



CPC Project IMA-2 Final Report

a7

Corrective Maintenance

Under the status quo alternative, the corrective maintenance activities re-
quired to repair failed pipes inside and out of the manhole:

+ Remove Insulation

« Replace carrier pipes inside MH

« Replace valves inside MH

« Apply new insulation and protective jacket
» Replace buried pipe outside MH

For the average manhole the cost of replacing the insulation according to
Engineered Management System for HDS Project Level, NMD and Associ-
ates: ( 1.48 = escalation factor from1996 prices to 2002 prices)

Cost to replace insulation = 30 ft x $5.3/ft x 1.48 = $235

Under the Status Quo alternative, the life expectancy of the carrier pipe
inside the manhole is considered to be only 15 years. After 15 years, the
carrier pipes will present considerable pitting and have to be replaced. The
cost of replacing the pipes inside the manhole is estimated using NMD re-
port as follows:

From 1996 report the cost for replacing 10 ft section pipe is = 2 Hours @
$35/Hour + $178 material = $247/10 feet. Escalating those prices to 2005
and considering that there are 30 ft pipe inside:

Preliminary estimate to replace pipe in MH = $247 * 1.48 * 3 = $1,006
The above estimate does not take into account the fact that the average
manhole has 2 Ts and flanges for 2 Valves that also need to be replaced
due to the pitting. It is estimated that the flanges and the Ts add complex-
ity to the replacement and hence increases the cost by 50%

Cost to replace pipe inside MH= $1,096 x 1.5 = $1,645

The cost to replace the 2 valves form NMD and associates report and esca-
lated to 2005 is:

Cost to replace Valves = 2 x $435 x 1.48 = $1,288
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The cost to replace the direct buried pipe outside MH is also estimated us-
ing NMD report. The 1996 cost to replace 4 in. buried per liner ft is $101.
That cost does not include the cost involved in cutting through and then
replacing grade level structures like parking areas, sidewalks, curves, and
pavement. Considering that there are 500 ft of supply and 500 ft of return
pipe, the minimum cost to replace the buried pipe at 2006 price level is:

Cost to replace buried pipe = 2 x 500 x 1.48 x $101 = $149,480

The total corrective maintenance to replace insulation, pipes, valves, and
buried pipes is then:

Total Corrective Maintenance Cost = $235 + $1,645 + $1,288 + $149,480
= $152,648

Energy Conservation

Under the Status Quo alternative, the pipes inside the manholes has 1.5 in.
of mineral fiber insulation wrapped around the pipe and protected with an
aluminum jacket with a conductivity factor of 0.024 Btu/Hr-Ft-°F. Under
the P-CP alternative, the pipe has at least 45 mil of ceramic paint which
has a thermal conductivity of 0.0563 Btu/Hr-Ft-°F. Annex 1 contains de-
tailed estimates of the cost of energy lost through the pipes in the manhole
under each alternative. Under the Status Quo alternative, the estimated
cost of the annual energy lost in the average manhole is $150. Under the P-
CP combination alternative, the estimated cost of the annual energy lost in
the average manhole is $1,392.

Residual Value

The economic life left at the end of the period of analysis is similar under
both alternatives. Hence, the residual value is a wash cost.

Table C2 below summarizes the estimated values for each cost component.
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Table C2. Summary of Cost Components.

Cost Elements Status Quo Prime-Ceramic Paint
Initial Investment $0 $1,110

Preventive Maintenance | $0 $0

Corrective Maintenance | $152,648 at year 16th $0

Energy Consumption $150/Year $1,392/Year
Residual Value Wash Wash

Comparing Cost and Benefits
Introduction

The next two steps in the EA process are (1) the comparison of alternatives
and (2) the performance of sensitivity analysis. Alternatives are compared
and ranked using three methods: Net Present Value (NPV), Savings-to-
Investment Ratio (SIR), and Discounted Payback Period (DPP). These
comparisons were done using the ECONPACK 3.0 computer program.

The NPV method is the standard way to compare alternatives in the Army
when all the alternatives meet the requirements. The NPV is calculated for
each alternative by discounting the value of the costs minus the benefits
for each of the twenty years of the analysis and summing them up for a to-
tal net (current) value in today’s dollars.

SIR is used only to compare investment cost to savings to determine if the
investment cost can be recovered through the savings. It is the ratio of sav-
ings resulting from using an alternative, instead of using the status quo, to
the investment required for implementing the new alternative. When
computing SIR, total annual maintenance and operation costs are not dis-
counted, only the difference between annual costs for the two alternatives.

Payback period is the time required for the total accumulating savings of
an alternative to offset investment costs. DPP is used in conjunction with
SIR. When the SIR is greater than 1, DPP answers the question “How long
does it take to recoup the investment cost?”
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Comparing Alternatives

The costs estimated in the prior section were used to compute the Life Cy-
cle Cost of each alternative. Annex 2 contains the ECONPACK output file
with the results of the analysis. Following is a summary of the results.

Life Cycle Cost of Status Quo

The Life Cycle Cost (LCC) per manhole of the Status Quo alternative over
the 20-year period has a

« Cumulative Net Present Value of $81,916

Life Cycle Cost of Corrosion Protection Primer-Ceramic Based Paint

The LCC per manhole of the Corrosion Protection Primer-Ceramic Based
Paint alternative over the 20-year period has a

« Cumulative Net Present Value of $19,639

« Present Value of Savings of $63,366

« Present Value of the Initial Investment of $1,088
« Savings to Investment Ratio of 58.2

» Discounted Payback Period of 16.2 Years

Sensitivity Analysis

Rankings of alternatives may change when some of the assumptions in the
analysis change. To test the robustness of the above ranking a test of the
sensitivity of the analysis to changes in the estimated savings was per-
formed. The analysis showed that the ranking of alternatives was not sen-
sitive to changes of plus or minus 100% in the cost of the energy losses of
the ceramic paint alternative. Figure C2 shows the NPV of each alternative
against percentage changes in the cost of energy losses.
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Figure C2. Energy Losses Sensitivity Analysis.

However, the analysis showed that the ranking of the alternatives was sen-
sible to changes in the cost of the major repair of the Status Quo alterna-
tive. For the Status Quo alternative to become the least cost alternative,
the cost of the major repair has to be reduced by 77.93%. Figure C3 below,
shows the NPV of each alternative against percentage changes in the cost
of major repairs.
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Figure C3. Pipe Replacement Cost Sensitivity Analysis.
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Conclusions and Recommendations
Conclusion

An economic analysis of an alternative method of maintaining and repair-
ing the manholes of underground drainable dryable heat distribution sys-
tems was performed. The alternative maintenance methodology contem-
plates coating the carrier pipes inside the manholes with a corrosion
protection primer paint and two coats of ceramic based paint. The eco-
nomic analysis found that the ceramic coating alternative has a net savings
of $63,366 per manhole over a 20-year life cycle and a Savings to Invest-
ment Ratio of 58. However, the analysis also found that it takes 16.2 years
to recover the initial investment. In addition, the energy analysis also
found that the energy loses of the ceramic coating alternative are consid-
erably higher than those of the Status Quo alternative.

Recommendations

Energy conservation is currently a high priority national policy. As a con-
sequence, it may not be politically correct to recommend an alternative
that uses more energy than the status quo. Therefore, it is recommended
that regular insulation be added on top of the ceramic paint to save energy.

Annex 1: Energy Lost Though Carrier Pipes at Manhole
Heat Transfer

The equations governing the amount of heat transferred through the walls
of a pipe by conduction are derived from the Fourier’s Law of Conduction!.
For a rectangular wall, the equation is:

. VT .
Ej> O =kx Ax (W) Equation C1

1 DOE Fundamentals Handbook; Thermodynamics, Heat Transfer, and Fluid Flow, Volume 2 of 3; U.S.
Department of Energy; Washington, D.C. 20585; June 1992; Page 6.
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For a cylinder, the equation is:

VT

Q= kA(W] Equation C2

where:

Q = rate of heat transfer (Btu/hr)

A = cross-sectional area of heat transfer (ft2)

Ax = thickness of slab (ft)

Ar = thickness of cylindrical wall (ft)

AT = temperature difference (°F)

k = thermal conductivity of slab, or of pipe wall (Btu/ft-hr-°F)

For a pipe with insulation wrapped around, the Fourier’s Law has the
form?:

Q__ 2r(1y-T,) Equation C3

A

+
k k

S a

Where:

I, = Inside radius of carrier pipe

r, = Outside radius of carrier pipe and inside radius of insulation
r, = Outside radius of insulation

k, = Conductivity of steel

k, = Conductivity of insulation

Tm = Inside temperature of the pipe
T, = Outside temperature of the insulation

To estimate the annual cost of the energy lost through the pipe under both
scenarios the following assumptions were made for the average manhole:

1 DOE Fundamentals Handbook; Thermodynamics, Heat Transfer, and Fluid Flow, Volume 2 of 3; U.S.
Department of Energy; Washington, D.C. 20585; June 1992; Page 17
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» Pipes inside the manhole are horizontal

« Nominal Diameter 4 in.

« 30 ft of steel pipe 5/32 in. thick

« Status Quo insulation thickness = 1.5 in.

o Ceramic Paint insulation thickness > 0.045 in.

« The system operates 24 Hours/Day, 356 Days/Year.

» The temperature of the water inside the carrier pipe is 200 °F
» The boiler Efficiency Factor is 0.8

« The cost of fuel is $0.6/Therm

Estimating Method

The temperatures were measured at a manhole containing a line insulated
with 1.5 in. mineral insulation and a line insulated with a minimum of 45
mils of ceramic paint. The measures were performed 17 April 2006 at 6:00
A.M. The ambient temperature outside the manhole at that time was 66
°F. The 30 years Normal Daily Mean Temperature for Columbia?, SC is
63.6 °F. As a consequence, the readings are representative of the normal
daily mean temperature for the area and can be used to estimate the an-
nual energy losses under both types of insulation.

For the pipe with ceramic paint insulation, temperature on top of the ce-
ramic paint was 153 °F. For the pipe with 1.5 in. mineral wool insulation,
the temperature on top of the insulation was 92 °F. The temperature of
water in the carrier pipe was known to be 200°F.

For the status quo alternative, the values for Equation 3 are:
L =2in.; r, = 2.156 in.; r, = 3.656 in.; k, = 26.2 Btu/(Hr-Ft-°F);

k, = 0.024 Btu/(Hr-Ft-°F); T = 200 °F; To = 92 °F

Tm = Inside temperature of the pipe
T, = Outside temperature of the insulation

For the above values, the energy loss in the carrier pipe inside the average
manbhole per foot of pipe is 31 Btu/Hr-Ft and the annual cost of that en-
ergy for the average manhole is $ 60.

1 http://Iwf.ncdc.noaa.gov/oa/climate/online/ccd/meantemp.htmi
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For the ceramic paint alternative, the values for equation 3 are:
L =2in.; r, = 2.156 in.; r, = 2.205 in.; k; = 26.2 Btu/(Hr-Ft-°F);

k, = 0.005 Btu/(Hr-Ft-°F); T = 200 °F; Ty = 153 °F

Tm = Inside temperature of the pipe
T, = Outside temperature ceramic paint

For the above values, the energy loss in the carrier pipe inside the average
manhole per foot of pipe is 640 Btu/Hr-Ft and the annual cost of that en-
ergy for the average manhole is $ 1,244. Table C3 below contains a sum-
mary of the calculations.

Table C3. Summary of Energy Calculations.

Alternatives
Variables Units Status Quo Ceramic Paint
Tm °F 200 200
To °F 92 153
ri In. 2 2
ra In. 2.156 2.156
rs In. 3.656 2.206
ks Btu/(Hr-Ft-°F) 26.2 26.2
ka Btu/(Hr-Ft-°F) 0.024 0.056
Q/L Btu/Hr-Ft 31 716
L Ft 30 30
Q Btu/Hr 925 21,478
Qo Btu/Day 22,189 515,483
Boiler Efficiency EF 0.8 0.8
Energy Unit Cost $/Term 0.6 0.6
Daily Cost $/Day $0.17 $ 3.87
Annual Cost $/Year $59.91 $ 1,391.80

The $60/Year Annual Cost of Energy Lost in the Status Quo was estimated
assuming a dry insulation. If the insulation is wet, the losses can increase
by a factor of 5!. Assuming that the insulation is wet 50% of the time, the
annual cost is then: Annual Cost of Energy Lost in the Status Quo = $60 x
5x50% = $150/Year

1 Engineer Management System for Heat Distribution Systems: Project level; NMD and Associates; Alex-
andria, VA; February 1996



CPC Project IMA-2 Final Report

Annex 2: ECONPACK Output File

DATE GENERATED: 12 May 2006
TIME GENERATED: 10:57:38
VERSION: ECONPACK 3.1.0

PrimerCeramicPaintCombination
ECONOMIC ANALYSIS

EXECUTIVE SUMMARY REFORT

PROJECT TITLE : CeramicPaint
DISCOUNT RATE : 4%

PERIOD OF ANALYSIS: 21 Years
START YEAR - 005

BASE YEAR - 2005
EEPORT OQUTPUT : Current Dollars

FPROJECT OBJECTIVE:

find the most cost effective way to mantain HDS

ECONOMIC INDICATORS:

ALTERNATIVE MNAME NPV SIR DER BIR
519,639 58.2 16.2 YERARS N/R
Status Quo 581,916 N/A N/L N/R
ACTION OFFICER: GP
PHONE NUMBER : 217-3536-1348-Ex 202
EMAIL ADDRESS : gonza.perezfpertan.com
ORGANIZATION
ECONOMIC ANALYSIS GRAPH 1
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LIFE CYCLE COST REPORT

CEramicPaint
CUMULATIVE
NET PRESENT

YEAR VALUE

$1,088

52,401

$3,663
z $4,876
z $6,043
2010 $7,165
2011 $8,244
2012 $9,281
2013 $10,278
2014 $11,237
2015 £12,160
2016 $13, 046
2017 £13,899
2018 $14,719
2019 $15, 507
2020 516,265
2021 $16,993
2022 $17, 694
2023 $18, 368
2024 £19,01¢6
2025 $19, 639

4% DISCOUNT RATE, 21 YEZRS
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Total present value of
Plus: present value of
Less: present value of
Less: present wvalue of
Total present wvalue of
Total present wvalue of
FPlus: present wvalue of
Less: present value of
Total present wvalue of

For Status Quo:

Recurring Costs:

Recurring Costs:

Investment Costs:

PRIMARY ECONOMIC ANALYSIS

investment

exlsting assets to be used
sxisting assets replaced

proposed alternative salwvage valus
net investment

differential costs

status gquo investment costs eliminated
status quc salvage value

savings

Savings/Investment Ratio
Discounted Paykack Pericd

Major Repalr
Utilities

For Proposed Alternative:

Utilities

Major Repair
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Status Quo

4% DISCOUNT

LIFE CYCLE COST REFORT

CUMOLATIVE
NET PRESENT

YERR VALUE
50
s141
5277
5408
5534
SESS
2011 5771
201z 5883
2013 5990
2014 £1,094
2015 $1,193
2016 $1,289
2017 $1,380
2018 $1,4E9
2019 51,554
2020 51,635
2021 $81,6321
2022 $81,707
2023 $81,779
2024 £81,849
2025 $81, 516

EATE, 21 YERES
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COST SENSITIVITY ANALYSIS 1

TITLE: MajorRepairStatusQuo
This sensitiwvity analysis checks for alternative Status Quo to
as a result of changes in the expense item(s) listed below:

ALTERNATIVE EXPENSE ITEM(S)
CEramicPaint % NOTHING CHANGED **
8tatus Quo Major Repair

The selected sxpense items are allowsd to wvary from a walus of
.00%

ALTERNATIVE NET PRESENT VALUE
CEramicPaint 519,639
Status Quo 581,916
RESULTS:

For alternative Status Quo to bs ranked least cost, reducs the
item(s) by more than 77.93%.

be ranked least cost

-100.00% to

selected expenss

ACTUAL DOLLARS

COST SENSITIVITY ANALYSIS 1
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Graph of NPV vs. % change in expense items
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COST SENSITIVITY ANALYSIS 2

TITLE: Energy Losses for C Paint

This sensitivity analysis checks for alternative Status Quo to
a3 a result of changes in the sxpense item(s) listed beslow:

ALTERNATIVE EXPENSE ITEM(S)
Status Quo **% WNOTHING CHANGED **
CEramicPaint Utilities

The sslected expense items are allowed to wary from a valus of

200.00%
ALTERNATIVE NET PRESENT WVALUE
ceramicpaine s19,€39
3tatus Quo 581, 91¢
RESULTS:

item(s), within the allowable rangs of wariation.

be ranked least

=100.00% to

The ranking of alternatiwves 1s insensitive to changes in the selected sxpenas

COST SENSITIVITY ANALYSIS 2
Energy Losses for Ceramic Paint
Graph of NPV vs. % change in expense items
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